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Disclaimer

The status rep orts to follo w are outlines in tended to demonstrate the exten t of the

scien ti�c activit y in Hall A at Je�erson Lab during the past y ear. These outlines

are not publications, and often con tain preliminary results not in tended, or not

y et ready , for publication. Material from these rep orts should not b e repro duced,

represen ted, or quoted without p ermission from the authors and/or sp ok esp ersons.
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1 The F acilities

1.1 The Sp ectrometers (Con tributed b y J. Lerose)

1.1.1 General Prop erties

The \High Resolution Sp ectrometers" (HRS) are a pair of optically iden tical mag-

netic sp ectrometers consisting of four magnets eac h. The con�guration is Q1, Q2,

Dip ole, Q3, where the quadrup oles (Qi's) are sup erconducting cos(2 � ) magnets

with a cylindrical iron collar. The Q1's di�er from the Q2/3's in that they are

shorter with a smaller ap erture radius (see T able 1 for details

1

). The dip oles are

6.6 m long conical magnets with a �eld index, n=-1.25, and w ere designed to pro-

vide a 45

�

b end for cen tral momen ta up to 4 GeV/c

2

. These t w o sp ectrometers

are nominally referred to as the Electron (HRSe) and Hadron (HRSh) Arms.

Inner Radius Ov erall Length E�ectiv e Length Gradien t @ 4 GeV/c

Q1 0.15 m 1.86 m 0.941 m 7.785 T/m

Q2 0.30 m 2.98 m 1.827 m 3.087 T/m

Q3 0.30 m 2.98 m 1.827 m 2.856 T/m

T able 1: Quadrup ole Pr op erties

The HRS pair is designed to pro vide momen tum resolution ( � p/p) of 1x10

� 4

or

b etter. T o date, � p's of ab out 3x10

� 4

ha v e b een ac hiev ed. Inciden t b eam energy

spread and target m ultiple scattering easily accoun t for the departure from the

design sp eci�cations. V arious sp ectrometer prop erties, including transfer functions

for use in sp ectrometer sim ulations, preliminary acceptance studies, and collimator

lo cations can b e found on v arious links from the Hall A homepage (see T able 2).

1.1.2 F uture Dev elopmen ts

V arious sp ectrometer impro v emen ts presen tly in the w orks include:

� Absolute Calibration: Data w ere tak en in Septem b er 1999 (elastic scatter-

ing on

12

C with measured b eam energy) in order to determine the absolute

calibration of the sp ectrometers with m uc h greater accuracy than w as previ-

ously p ossible. That data is b eing analyzed as of this writing. The exp ected

accuracy will b e at the few times 10

� 4

lev el.

� Q2/3 D A C's: Higher precision D A C's for use in the regulation of the Q2/3

p o w er supplies ha v e b een dev elop ed and tested. These will b e installed in

1

E�ectiv e lengths giv en are those measured using a set of rotating coils on the Electron Arm

magnets. See \Field Mapping of the Hall A High Resolution Sp ectrometers of the Thomas

Je�erson National Accelerator F acilit y", submitted for publication to NIM, July 1999.

2

Due to a resistiv e short in one of its coils the Hadron Dip ole is limited to 3.25 GeV/c.
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Hall A Homepage:

h ttp://www.jlab.org/Hall-A

T ransfer functions for acceptance studies

and Mon te Carlo sim ulations:

h ttp://www.jlab.org/Hall-A/news/min utes/tranferfuncs.h tml

Collimator p ositioning information:

h ttp://www.jlab.org/Hall-A/news/min utes/collimator-distance.h tml

Calculated 1st Order Matrices:

h ttp://www.jlab.org/Hall-A/news/min utes/fo-matrix.h tml

General Sp ectrometer Characteristics:

h ttp://www.jlab.org/Hall-A/equipmen t/high-resol.h tml

T able 2: Useful Web Links

the next few mon ths. The higher precision D A C's will pro vide more stable

curren t output from the p o w er supplies whic h will enhance the in trinsic

resolution capabilities of the sp ectrometers.

� P ositioning: Ongoing impro v emen ts are b eing made in the v ertical p ostion-

ing, horizon tal p ositioning, and h ydrostatic lev eling systems.

� Septum Magnets: A pair of septum magnets is b eing designed and built

b y BWX T ec hnologies (BWXT) of Lync h burg, Virginia under con tract with

INFN in Rome. These magnets, when installed on the fron t end of the HRS

pair, will allo w access to cen tral scattering angles b et w een 6

�

and 12.5

�

for

eac h arm at cen tral momen tum up to 4 GeV/c

3

.

Cen tral Momen ta 4 GeV/c

Horizon tal Acceptance (19mrad = b eamline side) -19 mrad < � < 24 mrad

V ertical Acceptance -54 mrad < � < 54 mrad

Minim um Cen tral Scattering Angle 6

�

Maxim um Cen tral Scattering Angle 12.5

�

Momen tum Resolution ( � ( � p/p)) @ 2 GeV/c) < 1x10

� 4

(v aries with � )

V ertical Angular Resolution ( � @ 2 GeV/c) < 1.0 mrad (v aries with � )

Horizon tal Angular Resolution ( � @ 2 GeV/c) < 0.7 mrad (v aries with � )

T able 3: Exp e cte d Sp e ctr ometer Performanc e with Septum

The sc hedule for the septum program is as follo ws:

3

Since the use of the septum magnet requires shifting the target p osition 80 cm upstream, it

will NOT b e p ossible to use a septum on one arm and not the other, i.e., b oth arms m ust b e at

12.5

�

or less.

9



� Jan uary 2000: Final design review

� F ebruary 2000: Readiness review for E94-107 (1st septum exp erimen t)

� July 2000: Deliv ery of 1st magnet at JLab

� Septem b er 2000: Deliv ery of 2nd magnet

� Summer-F all 2000: Acceptance testing of magnets

� F ebruary 2001: Installation of septum magnets

� April 2001: Start data taking for E94-107
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1.2 The Beamline (Con tributed b y A. Saha)

The con trol and measuremen t equipmen t along the b eamline consists of v arious

elemen ts necessary to transp ort b eam with the required sp eci�cations to the re-

action target and the dump and to sim ultaneously measure the prop erties of the

b eam relev an t to the successful implemen tation of the ph ysics program. The res-

olution and accuracy requiremen ts are suc h that sp ecial atten tion is paid to the

follo wing:

1. Determination of the b eam energy

2. Con trol of the b eam p osition, transv erse emittance and stabilit y .

3. Determination of the b eam curren t, total c harge, and p olarization.

P arameter Metho d Accuracy Commen ts

Energy AR C Absolute 2 � 10

� 4

In v asiv e

5 � 10

� 4

Non-In v asiv e

Relativ e � 1 � 10

� 4

Non-In v asiv e

eP Absolute 2 � 10

� 4

In v asiv e

Energy Width OTR ?

� E

E

( � ) � 1 � 10

� 5

Non-In v asiv e

Curren t ( � 0 : 5 �A ) 2 RF Ca vities Absolute � 2 � 10

� 3

Non-In v asiv e

Charge ( � 0 : 5 �A ) 2 RF Ca vities Absolute � 2 � 10

� 3

Non-In v asiv e

P osition (at T arget) 2 BPM/Harp Absolute 140 �m x,y online

Direction (at T arget) 2 BPM/Harp Absolute 30 �r ad � ; � online

Stabilit y (at T arget) F ast F eedbac k ? � 720 Hz motion

P osition � 20 �m ( � )

Energy � 1 � 10

� 5

( � )

P olarization M�ller Absolute

� P

P

� 3%( ) 2%) In v asiv e

Compton ? Absolute (

� P

P

) 2%) Non-in v asiv e

? Still under Dev elopmen t

T able 4: Determination of Be am Par ameters

T able 4 lists all of the b eam parameters monitored along the b eamline and the

requisite instrumen tation. In nearly all cases, w e ha v e t w o or more indep enden t

metho ds to determine and monitor the v arious parameters, b oth to gain con�dence

in the absolute measuremen ts and to ha v e enough redundancy in the system if an y

of the instrumen tation should fail during a run. The v arious elemen ts along the

b eamline are already listed and describ ed in the Op erational Man ual. As seen in

T able 4, w e determine and monitor the absolute v alues of the b eam parameters at

a lev el whic h in most cases meets or exceeds the needs of man y of the appro v ed

exp erimen ts.
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1.2.1 Absolute Energy Measuremen ts

W e ha v e systematically started making b eam energy measuremen ts b oth with the

Arc-Energy metho d and the eP metho d. The Arc metho d uses instrumen tation in

the arc section (Scanners, BdL measuremen ts of the arc dip oles, etc.) dev elop ed

initially b y the F renc h collab oration (P ascal V ernin and the Sacla y group). The eP

metho d w as dev elop ed b y the Clermon t-F errand group (Pierre Bertin et al.) and

is a stand-alone device along the b eamline lo cated 17 m upstreamof the target.

Since Octob er 1998, the absolute energy of the b eam has b een measured sev eral

times b y b oth metho ds. These are listed and describ ed in the electronic logb o ok.

The Arc-Energy metho d has consisten tly determined the b eam energy with

an absolute uncertain t y of ' 2 � 10

� 4

(as designed) o v er this time p erio d. With

b etter understanding of the system and the residual magnetic �eld strengths along

the arc section, w e are able to understand the systematics to nearly a factor of

t w o b etter. The eP-metho d has made signi�can t progress in this same time p erio d

and is also approac hing the same lev el of uncertain t y in their systematics as the

Arc-Energy metho d. In T able 5, w e list the measuremen ts where b oth metho ds

ha v e b een p erformed together optimally (i.e., when the eP has b een run with b oth

arms).

W e ha v e greatly impro v ed the b eam optics tuning through the arc section in to

the hall. W e ha v e degaussed and deactiv ated all the b eam correctors, sextup oles

and all other extraneous magnetic elemen ts in the arc section. W e also main tain

the same dip ole �eld strength in the arc section b et w een the regular ac hromatic

and energy measuring disp ersiv e tunes of the b eam. This enables us to trac k and

main tain the kno wledge of the energy of the b eam throughout the whole running

p erio d non-in v asiv ely . By not using the correctors and other magnetic elemen ts

within the arc section, w e are also able to deliv er a more stable and clean b eam

to the hall. W e w ere able to demonstrate all this during the �rst part of the

HAPPEX2 exp erimen t (April - Ma y 99), where w e w ere able to measure and

con trol the energy at 3355 MeV.

Date P ass AR C eP

(MeV) (MeV)

Oct 24, 98 4 P ass 3385 � 0 : 6 3384 � 1

No v 6, 98 5 P ass 4236 : 2 � 0 : 8 4240 � 3

April 23, 99 3 P ass 3355 : 2 � 0 : 7 3354 : 4 � 0 : 7

Ma y 29, 99 3 P ass 3355 : 1 � 0 : 7 3355 : 0 � 0 : 7

Sept 22, 99 2 P ass 1266 : 1 � 0 : 4 1266 : 9 � 0 : 5

T able 5: Summary of Be am Ener gy me asur ements

12



1.2.2 Curren t and Charge Calibrations

The b eam curren t monitor (BCM) is designed for a stable, lo w noise, non-in tercepting

b eam curren t measuremen t. It consists of an Unser monitor, t w o RF ca vities, the

electronics and a data acquisition system and is describ ed in detail in the Op-

erational Man ual. The ca vities and the Unser monitor are enclosed in a b o x to

impro v e magnetic shielding and temp erature stabilization. The b o x is lo cated

25 m upstream of the target. In addition to the Unser monitor, w e ha v e also

incorp orated the use of the OLO2 ca vit y monitor and the F arada y cup 2 at the

injector section to pro vide an absolute reference during calibration runs. W e are

therefore able to pro vide absolute curren t and total c harge v alues for an y run do wn

to 0.5 �A with high accuracy . Sev eral comprehensiv e and detailed calibration and

linearit y runs w ere p erformed since Octob er 1998, and the results are p osted in

the logb o ok. The latest results are listed in T ables 6 and 7 (details are p osted in

HALOG Nos. 16690 and 16689).

Ca vit y Co e�cien t

Upstream ca vit y 76.963

Do wnstream ca vit y 77.149

T able 6: BCM c alibr ation c o e�cients, April, 1999

Curren t U x 1 D x 1 U x 3 D x 3 U x 10 D x 10

Ranges ( �A )

� 40 1348 1341 (4139) (4141)

0.5 - 100 1348 1341 4139 4141

0.2 - 50 12552 13081

T able 7: Co e�cients for char ge determination, April, 1999

1.2.3 Beam P osition and Direction

T o determine the p osition and the direction of the b eam on the exp erimen tal

target p oin t, t w o b eam p osition monitors (BPMs) are lo cated at distances 7.524

m (IPM1H03A) and 1.286 m (IPM1H03B) upstream of the target p osition. The

standard di�erence-o v er-sum tec hnique is then used to determine the relativ e p osi-

tion of the b eam to within 100 � m for curren ts ab o v e 1 � A. The absolute p osition

of the b eam can b e determined from the BPMs b y calibrating them with resp ect

to wire scanners (sup erharps) whic h are lo cated adjacen t to eac h of the BPMs

(IHA1H03A at 7.353 m and IHA1H03B at 1.122 m upstream of the target). The

wire scanners are surv ey ed absolutely with resp ect to the hall co ordinates. T a-

13



ble 8 sho ws the results of sev eral separate calibration runs to relate the absolute

p ositions for the b eam as determined from the scanners and the BPMs.

The scanners ha v e b een surv ey ed sev eral times and at presen t the results dis-

agree with resp ect to eac h other at the lev el of 300 � m. W e are trying to under-

stand these di�erences and seeing whether w e are able to absolutely surv ey these

scanners to b etter than 100 � m.

BPM O�set ( �A )

IPM1H03Ax 345

IPM1H03Ay 365

IPM1H03Bx -220

IPM1H03By 900

T able 8: BPM/harp c alibr ation o�sets (GEOFFS)
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1.3 The M�ller P olarimeter (Con tributed b y E. Ch udak o v)

1.3.1 Basics

The b eam line is equipp ed with a M�ller p olarimeter, whose purp ose is to mea-

sure the p olarization of the electron b eam deliv ered to the hall. The p olarimeter

exploits the pro cess of M�ller scattering ~ e

�

+ ~ e

�

! e

�

+ e

�

. Its cross section

dep ends on the b eam and target p olarizations P

beam

and P

tar g et

as:

� / (1 +

X

i = X ;Y ;Z

( A

ii

� P

tar g i

� P

beam i

)) ; (1)

where i = X ; Y ; Z de�nes the pro jections of the p olarizations. The analyzing

p o w er A dep ends on the scattering angle in the CM frame �

C M

. Assuming that

the b eam direction is along the Z-axis and that the scattering o ccurs in the ZX

plane:

A

Z Z

= �

sin

2

�

C M

� (7 + cos

2

�

C M

)

(3 + cos

2

�

C M

)

2

; A

X X

= �

sin

4

�

C M

(3 + cos

2

�

C M

)

2

; A

Y Y

= � A

X X

(2)

A t �

C M

= 90

�

the analyzing p o w er has its maxim um A

Z Z max

= 7 = 9. A transv erse

p olarization also leads to an asymmetry , though the analyzing p o w er is lo w er:

A

X X max

= A

Z Z

= 7. The main purp ose of the p olarimeter is to measure the

longitudinal comp onen t of the b eam p olarization.

1.3.2 General Description

The M�ller p olarimeter uses ferromagnetic foils, magnetized in a magnetic �eld

of ab out 300 G along their plane, as the p olarized electron target. The target

foils can b e tilted at v arious angles to the b eam in the horizon tal plane, therefore

the target p olarization has b oth longitudinal and horizon tal comp onen ts. The

spin of the incoming electron b eam ma y ha v e a horizon tal comp onen t due to

precession. In order to cancel out the horizon tal comp onen t the p olarization mea-

suremen ts are tak en at t w o target angles of ab out 20

�

and 160

�

and the a v erage

w as tak en, since the horizon tal con tribution ha v e opp osite signs for these target

angles. Additionally , this metho d reduces the impact of uncertain ties in the target

angle measuremen ts. The target p olarization w as deriv ed from the foil magneti-

zation measuremen ts. F or the sup ermendur foil used in 1998-1999 a p olarization

of 7.60 � 0.23% w as obtained. A t a giv en target angle t w o sets of measuremen ts

with opp osite directions of the target p olarization are tak en. Av eraging the results

helps to cancel some false asymmetries, for example the helicit y driv en asymmetry

of the b eam 
ux.

The M�ller scattering ev en ts are detected with the help of a magnetic sp ectrom-

eter consisting of three quadrup ole magnets and a dip ole magnet, whic h de
ects

the electron pairs scattered in a kinematic range of ab out 75

�

< �

C M

< 105

�

and
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� 5

�

< �

C M

< 5

�

to w ards a detector. The detector consists of lead{glass calorime-

ter mo dules, split in to t w o arms in order to detect the scattered and recoiling

electrons in coincidence. The b eam helicit y driv en asymmetry of the coincidence

coun ting rate (t ypically ab out 10

5

/sec) is used to deriv e the b eam p olarization. In

addition to detecting the coun ting rates, ab out 300/sec of \minim um bias" ev en ts

con taining the amplitudes and timings of all signals in v olv ed are recorded with a

soft trigger from one arm. These data are used for v arious c hec ks and tuning, and

also for studying the non{M�ller bac kground.

A t ypical M�ller measuremen t tak es ab out 1 h plus t ypically ab out 40 min for

setting and resetting the magnets. The statistical error for suc h a measuremen t

is ab out 0.5% relativ e.

1.3.3 Systematic Errors

The systematic errors are presen ted in T able 9.

Origin Dilution factor Relativ e error

T arget p olarization 0.076 3.0%

T arget angle 0.94 0.5%

Analyzing p o w er 0.76 0.3%

T ransv erse p olarization - 0.3%

non-p olarized bac kground - < 1.0%

dead-time - 1.0%

observ ed 
uctuations - 1.0%

3.5%

T able 9: Systematic err ors. The dilution factor pr esents the factor use d to divide

the r aw asymmetry in or der to obtain the p olarization, if such a c orr e ction is done.

The last line pr esents the sum of the err ors in quadr atur es.

1.3.4 Conclusion

Bet w een Oct. 1, 1998 and Sept. 30, 1999, 79 measuremen ts of the b eam p olar-

ization w ere made. The systematic error of eac h measuremen t is estimated to b e

ab out 3.5% relativ e, while the statistical error is ab out 0.5%.

New studies of the systematic errors are planned. There is a hop e to reduce

the full systematic error to ab out 3%. A new set of quadrup ole magnets will b e

installed do wnstream of the M�ller p olarimeter in Jan uary , 2000. This should help

pro viding common magnet settings for the M�ller measuremen ts and the regular

running, reducing the o v erhead time.
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1.4 The Compton P olarimeter (Con tributed b y M. Ba ylac)

1.4.1 In tro duction

The Compton p olarimeter aims to determine the p olarization of the electron b eam

deliv ered. It w as designed to measure the p olarization concurren tly with exp er-

imen ts running in the hall to 1% statistical error within an hour. This pro ject

w as realized b y a collab oration b et w een Sacla y (F rance), Je�erson Lab oratory ,

and the LPC Clermon t-F errand (F rance). The p olarization is extracted from the

measuremen t of the coun ting rate asymmetry for opp osite electron helicities in

the scattering of a circularly p olarized photon b eam o� the electron b eam.

Installed in the en trance of the hall, the Compton p olarimeter consists of a

magnetic c hicane, a photon source, an electromagnetic calorimeter, and an electron

detector as sho wn in Fig. 1.

A fast fron t-end electronics and acquisition system is required to treat data up

to 100 kHz.

The electron b eam is de
ected v ertically b y the 4 dip oles of the c hicane and

crosses the photon b eam at the Compton in teraction p oin t (CIP). After in terac-

tion, the bac kscattered photons are detected in the calorimeter and the electrons

in the silicon strip electron detector. Electrons that did not in teract exit the

p olarimeter without p erturbation and reac h the target.

1.4.2 Commissionning

The �rst v ersion of the p olarimeter w as installed b et w een Jan uary and Marc h,

1998 b y Sacla y and JLab p eople. The setup consisted of the 4 dip oles, the b eam

line, the v acuum system as w ell as the photon detector, the electronics and a 700

mW laser. The c hicane w as commissioned early Marc h and w e sho w ed that the

electron b eam (up to 100 � A) go es through the c hicane without an y p erturbation

do wnstream.

W e w ere unable to detect a clear evidence of a Compton signal during 1998.

Indeed, the bac kground rate recorded in the photon detector w as abnormally

high: more than 100 kHz at 100 � A. It w as determined that the bac kground w as

due to a b eam halo in teracting with mirror holders lo cated 5 mm a w a y from the

electron b eam. This halo w as also seen in Hall B. Man y in v estigativ e studies of the

b eam tuning w ere p erformed with the accelerator p eople (bunc h length reduction,

Lam b ertson steering, etc.) but w ere unsuccessful in substan tially reducing the

bac kground.

In F ebruary 1999, an optical ca vit y (Section 1.4.3) w as installed in the p o-

larimeter to enhance the Compton luminosit y . In addition w e w ere able to isolate

the parameter that mainly a�ected the bac kground, i.e., the b eam fo cusing in the

c hicane. W e w ere able to reduce the bac kground rate b y a factor of 1000. Beam

tuning inside the hall remains a delicate issue b ecause fo cusing has to b e done for

b oth the Compton p olarimeter and the target.
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1.4.3 The F abry-P � erot Ca vit y

The resonan t F abry-P � erot ca vit y is used as a p o w er buildup for the photon b eam.

This monolithic ca vit y , 85 cm long, uses 2 high �nesse mirrors ( F =26000) to

amplify a primary 300 mW CW Nd:Y aG laser b eam ( � = 1064 nm). The circular

p olarization of the photon b eam can b e rev ersed using a rotatable quarter-w a v e

plate. The optical setup is sho wn in Fig. 2.

T o reac h and main tain the maxim um ampli�cation of the photon densit y a

feedbac k lo op insures the lo c king of the laser frequency to the frequency of the

ca vit y .

Hall A

Dipoles 

Deflected beam line 

Optical cavity 

Direct beam line 

Photon detector 

Electron detector 

Figure 1: L ayout of the Compton p olarimeter.

This lo c king pro cedure is fully automatic and only requires a few seconds.

In order to maximize the Compton luminosit y , the crossing angle b et w een the

t w o b eams has to b e a minim um. The design crossing angle of 23 mrad sets the

mirrors ab out 5 mm a w a y from the electron b eam.

The o v erall opto-electronic system is con trolled and commanded from the

coun ting ro om.

An ampli�cation factor of 7300 has b een measured, corresp onding to a photon

b eam p o w er of 1700 W inside the ca vit y . The circular p olarization w as measured

to b e 99.3% � 0.7 % for b oth righ t and left photon helicit y states. Both the optical

p o w er and p olarization remain stable for more than 10 hours.
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Figure 2: 3D view of the optics table with the monolithic c avity.

1.4.4 First Evidence of Compton Ev en ts

With suc h a high photon densit y , Compton ev en ts could then b e detected. In

order to ac hiev e this, the v ertical p osition of the electron b eam w as scanned b y

v arying the �eld in the dip oles un til b oth b eams crossed in the cen ter of the ca vit y .

Figure 3 displa ys the trigger rate recorded in the photon detector as a function of

the v ertical p osition of the electron b eam. Evidence of Compton in teractions w as

clearly observ ed in late F ebruary .

1.4.5 Preliminary Results for HAPPEX 99

The Compton p olarimeter has b een running concurren tly with the HAPPEX ex-

p erimen t during April, Ma y , and July , 1999. The b eam energy w as 3.3 GeV and

the in tensit y ab out 40 � A.

Once the p osition of the electron b eam had b een tuned to maximize the Comp-

ton in teraction rate, data w ere recorded for b oth photon b eam p olarizations. The

bac kground con tribution w as also measured without the photon b eam. An asym-

metry on the order of 1% w as measured with a relativ e statistical accuracy of
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Figure 4: Exp erimental asymmetry for

right (R) and left (L) photon p olariza-

tion.

ab out 1% within an hour. Figure 4 sho ws the coun ting rate asymmetry mea-

sured in the photon detector for righ t and left photon p olarizations. As exp ected,


ipping the photon p olarization rev erses the sign of the exp erimen tal asymmetry .

The photon energy is also measured and one can reconstruct the energy sp ec-

trum of Compton bac kscattered photons (Fig. 5, blac k) and of the bac kground

ev en ts (grey). The bac kground/signal ratio is ab out 0.1.

Preliminary results for data tak en in Ma y and July , 1999 are sho wn in Figs.

6 and 7. Only statistical error bars are sho wn. Data tak en in April are not y et

analyzed.

The analysis of the systematic uncertain ties, suc h as bac kground e�ects, pho-

ton detector resolution and calibration, and helicit y correlated b eam parameters,

is underw a y . W e aim to reac h a 3% lev el for data tak en during HAPPEX.

1.4.6 Skill T ransferred to JLab Crew

So on the op eration and main tenance of the p olarimeter will b e the resp onsibilit y

of JLab. Accelerator op erators are already in c harge of the Compton b eam line. A

sta� ph ysicist and tec hnician will b ecome resp onsible for the instrumen t. Sp eci�-

cally , tec hnicians ha v e already b een familiarized with the optics and the v acuum

system.
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Figure 5: ADC sp e ctrum for signal (black) and b ackgr ound (gr ey).

1.5 The P olarized

3

He T arget (Con tributed b y J.P Chen)

The p olarized

3

He target [1] is based on the spin-exc hange principle: rubidium

atoms in a v ap or state in the pumping cell are p olarized with optical pumping

using three or four 30 W dio de lasers for eac h p olarization direction (longitudinal,

transv erse or an y direction of c hoice). The p olarization direction is de�ned with

a magnetic �eld (ab out 25 Gauss) pro duced b y t w o sets of main Helmholtz coils.

The rubidium spin p olarization is transferred to the

3

He n uclei b y collision and

then the p olarized

3

He are transferred to the target cell where it is used for elec-

tron scattering exp erimen ts. The double-cell (pumping and target cells) target

is made of aluminosilicate glass (either Corning 1720 or GE 180). The t ypical

target length is 40 cm and

3

He pressure is ab out 10 atm at ro om temp erature.

The target p olarization is measured and monitored using t w o di�eren t metho ds:

NMR (n uclear magnetic resonance) with AFP (adiabatic fast passage), and EPR

(electron paramagnetic resonance). T arget data acquisition, monitoring, and con-

trol use b oth LabView and the EPICS systems.
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Figure 6: A bsolute value of the ele ctr on b e am p olarization as a function of time

for HAPPEX data taken in May 1999. Err ors ar e statistic al only.

The target w as built last y ear, in a short time, b y a collab oration from Cal-

tec h, Clermon t-F errand, JLab, Ken t State, Ken tuc ky , MIT, Princeton, T emple,

and William and Mary . It w as successfully commissioned and used for the �rst

t w o p olarized

3

He target exp erimen ts (E94-010 and E95-001). During the �rst

half of E94-010, there w ere a n um b er of target glass cell ruptures, but since then

the target w ork ed v ery w ell allo wing the t w o exp erimen ts to b e successfully com-

pleted. The target p olarization reac hed o v er 40% without b eam and w as b et w een

30% and 40% with b eam up to 15 � A. This w as the �rst time this t yp e of p olarized

3

He target w as run in suc h a high in tensit y electron b eam.

The target w as mo v ed bac k in to the target lab in EEL building after the com-

pletion of the t w o exp erimen ts. A n um b er of tests (Q resp onse study , temp erature

dep endence study , �eld stabilit y study , p olarization loss study , etc.) ha v e b een

p erformed to systematically study the target p olarimetry metho ds. F urther tests

are planned in the next few mon ths to fully understand the target p erformance and

the systematics of the p olarimetry metho ds. Impro v emen ts for the next round of

exp erimen ts are under study . Some re-design will b e needed and probably should

get started, with some lead time, b efore the next round of p olarized

3

He exp eri-

men ts.

The analysis of the p olarimeter data from the �rst t w o p olarized

3

He expri-

men ts is progressing w ell. The w ater calibrations required for NMR ha v e b een
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Figure 7: A bsolute value of the ele ctr on b e am p olarization as a function of time

for HAPPEX data taken in July 1999. Err ors ar e statistic al only.

analyzed thoroughly . All systematics ha v e b een studied. Final results are sum-

marized in sev eral tec hnical notes[2]. The EPR analysis is still underw a y , but

preliminary results are a v ailable. Final results with an analysis of the systemat-

ics are exp ected b y the end of 1999. The preliminary results of the p olarization

during the exp erimen t E94-010 are ready . Final results of the p olarization during

b oth E94-010 and E95-001 should b e a v ailable so on after completion of the EPR

analysis.

The heart of the p olarized

3

He system is the target cell. Due to the complexit y

of the cell pro duction and the di�cult y in v olv ed in dealing with the aluminosilicate

glass (suc h as Corning 1720), few places are able to pro duce target cells. F or this

collab oration, the Princeton group has b een the only group whic h can pro duce

the target cell. With the busy sc hedule of the Princeton group (esp ecially their

glass blo w er) and limited resources, it is highly desirable to ha v e either JLab in-

house capabilit y or a near-b y group to also b e able to pro duce target cells. A join t

e�ort b et w een the William and Mary group and JLab is underw a y to set up a

cell pro duction facilit y at William and Mary . W e exp ect to b e ready to pro duce

cells within ab out one y ear. Once the cell man ufacturing capabilit y is established,

R&D e�ort to impro v e the target p olarization will con tin ue.
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1.6 The Cry otarget (Con tributed b y M. Kuss)

The cry o target consists of 3 lo ops. Lo op 3 can b e �lled with liquid h ydrogen

(LH

2

), lo op 2 with liquid deuterium (LD

2

), and lo op 1 with helium gas. The

w orking conditions for all three lo ops are summarized in T able 10. Lo ops 2 and 3

T arget T/K p/psi � /(g/cm

3

)

LH

2

19 26 0.0712

LD

2

22 22 0.162

3

He 5 220 0.93

4

He 5 220 0.92

T able 10: Nominal working temp er atur es and pr essur es. The r esulting densities

ar e also liste d.

are equipp ed eac h with a cell blo c k of a pair of \b eer-can" t yp e target cells whic h

can b e put in to the b eam alternativ ely . The short cell has a length of 4 cm, the

long one of 15 cm, b oth ha v e a diameter of 6.35 cm. Lo op 1 has a single \tuna-can"

t yp e cell with a diameter of 10 cm.

A set of man ual v alv es allo ws for the exc hange of target materials b et w een

lo ops 1 and 3, e.g. lo op 1 can also b e �lled with LH

2

. F or safet y , during ev ery run

p erio d an y lo op not in use is �lled with

4

He at lo w pressure (15-50 psi), to prev en t

crushing of the target cells in case of v acuum failure or acciden tal v en ting.

It m ust b e noted that it is imp ossible to op erate the high-pressure helium and

the liquid targets at the same time. The helium requires \5K" cry ogen to ac hiev e

a high densit y , while the LH

2

and LD

2

targets use \15K" cry ogen. Before helium

target op eration, h ydrogen and deuterium ha v e to b e remo v ed from the lo ops, to

prev en t freezing.

The 5K and the 15K cry ogens are deliv ered through the same pip es, alternat-

ingly . Separate co olan t pip es w ould require a ma jor redesign of the target whic h

supp orts only three cold p orts. Th us, c hange of cry ogen will b e done b y plum bing

at the distribution b o x in the End Station Refrigerator (ESR). This pro cedure

ma y tak e a shift, plus one more shift for the preceeding w arm-up and follo wing

co ol-do wn.

The cry o target system w as in-b eam un til August 1998 when it w as replaced b y

the p olarized

3

He target. It w as successfully op erated during E91-026 (deuteron),

E93-050 (V CS), E91-010 (HAPPEX) and E93-027 (G

E p

/G

M p

), for a total of ab out

7 mon ths in-b eam.

During the cry o-target do wn time sev eral mo di�cations w ere done.

� The cell blo c k in lo op 1, whic h w as iden tical to the ones in the other t w o

lo ops, w as replaced b y the tuna-can t yp e, as describ ed ab o v e. This new cell

blo c k con tains four additional Cerno x (Lak eShore) temp erature sensors to

impro v e the temp erature monitoring of the helium gas.
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� Bello ws in the lo op w ere replaced b y new ones tested for high pressures.

� The three main temp erature sensors of ev ery lo op, also Cerno x, w ere re-

placed.

� New fans and tac hometers w ere installed. The old tac hometers didn't w ork

at all.

� The coils for the lo w and high p o w er heaters w ere replaced.

� The Oxford ITC502 temp erature con troller (reads the three Cerno x and

con trols the lo w p o w er heater) of lo op 2 w as replaced. Its con trols w ere the

susp ected cause of the observ ed erratic b eha viour of the lo w p o w er heater,

whic h disapp eared after the mo di�cations.

� During re-installation in Marc h, the Input/Output Con troller (IOC) dedi-

cated to con trol the cry o-target stalled rep eatedly . It w as replaced b y an

iden tical b oard.

� The JT-v alv e con trol b o x w as refurbished.

The tests p erformed in Marc h sho w ed that the fan of lo op 2, the h ydrogen

lo op at that time, p erformed badly . A replacemen t also did not w ork, and due

to the pressing deadline it w as decided to in terc hange the plum bing of lo ops 2

and 3 to ha v e the LH

2

in lo op 3, whic h w as the only one used for the HAPPEX

exp erimen t.

In the June sh utdo wn all three lo op fans w ere c hec k ed. It turned out that fan

1 w as also not w orking, and fan 3 started w earing out. Th us, again all three fans

w ere replaced. T ests con�rmed that all three p erformed w ell. As of this writing,

during the run of E89-019, lo ops 2 and 3 are b oth in use, and are sho wing no signs

of aging after almost t w o mon ths in op eration. Also during the sh utdo wn a lead

target, equipp ed with a platin um resistor, w as installed on the solid target ladder

to test a p ossible target design for future exp erimen ts.

In Septem b er 1998, the raster mo de w as c hanged from the rectangular to

the circular pattern. HAPPEX found signi�can tly more target b oiling using the

circular mo de. Consequen tly , during the June sh utdo wn the rectangular raster

w as reinstalled.

The preparations for the installation and the commissioning of the helium

target sc heduled for No v em b er and Decem b er are underw a y . The design of the

gas handling system w as �nished in Ma y , in August the gas panel assem bly started

and is almost completed. Only a few mo di�cations on electronics and soft w are

con trols are necessary . The additional temp erature sensors require t w o additional

ITC502 temp erature con troller, the v alv e con trol for the helium gas panel an

additional SC200 b oard. Because more serial lines are needed an additional Octal

card w as installed. The w ork on the soft w are con trols is in progress.
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1.7 Sp ectrometer Detector P ac k age Dev elopmen t (Con tributed

b y B. W o jtsekho wski)

1.7.1 T rigger Scin tillators

The fast aging of the 8575 PMT observ ed during last y ear w as a result of a

large (up to 0 : 5%) concen tration of helium in the hall. This w as a particularly

bad problem during the

3

H e ( e; e

0

) exp erimen t whic h used a helium jet to co ol

the target cell. In July 1999 the housings of all S1 and later all S2 PMTs w ere

mo di�ed to prev en t helium di�usion in to the PMT b y 
ushing the housing with

nitrogen. The successful op eration during the last three mon ths indicates that the

mo di�cation solv ed the problem.

The replacemen t of the mo del 8575 PMTs b y the faster mo del R2083 ac hiev ed

time resolutions of �

t

= 0 : 13 ns p er coun ter. Figure 8 sho ws impro v emen t of the

� resolution on paddle n um b er 5 ( X � 0 : 3 m ) where fast PMTs w ere installed.

The sigma of � is ab out 4 : 5% for the upgraded region in comparison 7 : 5% for the

rest of HRS acceptance. Ho w ev er, the resolution is still not go o d enough for a

stable separation of the b eam bunc hes. JLab/UNH are dev eloping a prop osal for

a new S1 plane with eigh t paddles of 1 cm thic k plastic scin tillators equipp ed with

fast PMTs.

An additional coun ter S0 w as built to allo w 2 out of 3 trigger logic in the case

Figure 8: Beta vs X p osition ( in meters ) on HA.

of hadron detection. This coun ter is a single 170 cm long paddle 1 cm thic k with

3 inc h XP4312B on eac h end. Timing tests with cosmic ra ys for this coun ter ga v e

a time resolution of �

t

� 0 : 20 ns.

The JLab electronics group has dev elop ed a CFD moun ted on the HV divider

of the R2083 PMT. W e plan to test this CFD with a sp ecial thic k scin tillator
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coun ter in the next couple of mon ths and, p ending the result, order a large n um-

b er of CFDs for all new trigger coun ters.

1.7.2 Mirror Aerogel Detector (Con tributed b y J. Ho vdeb o)

The e�ciency of the silica aerogel Cherenk o v detector installed in the electron

arm needed to b e measured after it w as put in to op eration. The e�ciency is an

exp onen tial function of the n um b er of photo electrons collected b y the photom ul-

tipliers. Therefore, the a v erage n um b er of photo electrons pro duced b y an ev en t

in the Cherenk o v detector m ust b e determined.

The photom ultipliers do not ha v e a linear resp onse to the n um b er of photo elec-

trons collected. Therefore, if the sum of all ADC's w ere tak en, the most probable

resp onse w ould not corresp ond to a unique n um b er of photo electrons. By apply-

ing a correction on the ADC v alues, to force a linear resp onse with photo electron

p eaks o ccurring ev ery 2000 c hannels, the a v erage resp onse is then linearly related

to the a v erage n um b er of photo electrons collected.

After the ADC's ha v e b een linearized, the a v erage n um b er of photo electrons

ma y b e determined and the e�ciency of the detector calculated.

Calibration of ADCs

Figure 9: ADC sp e ctrum for a single photomultiplier �t with a Gaussian b ack-

gr ound and 4 Gaussians to r epr esent photo ele ctr on p e aks.

Data from Exp erimen t 94-010, runs 1277, 1751, 1752, 2136, and 2642, for the

reaction

3

~

H e ( e; e

0

) at inciden t electron momen ta around 1.7 GeV/c w ere used to
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p erform the linearization of the ADC's. An ADC sp ectrum w as generated, with a

cut on the TDC suppressing the p edestal, for eac h of the ADC's in the detector.

First, the bac kground w as �t using a �rst or second order exp onen tial. The one,

t w o, three, and if p ossible four, photo electron p eaks w ere then man ually �t with

Gaussians. The cen tral v alues of the Gaussians w ere then tak en as the p ositions

of the photo electron p eaks. The result of suc h a �t is sho wn in Fig. 9. The

desired 2000 c hannel gain/photo electron w as �t as a function of the measured

photo electron p eak to second order. A minim um in the �t o ccurred, on a v erage,

around 1000 c hannels with the function increasing again for smaller resp onses.

This e�ect causes the p osition of the �rst photo electron p eak to b e obscured when

the correction is applied. A dumm y datum p oin t at an abscissa v alue of 0 is

in tro duced to mo v e the minima of the correction closer to 0, without causing a

large e�ect on the corrected p eak p ositions. A sample �t is sho wn in Fig. 10. The

Figure 10: Sample quadr atic c orr e ction to line arize ADC r esp onse.

ESP A CE co de w as then mo di�ed to tak e in to accoun t the quadratic correction

term and the co e�cien ts of the �t w ere placed in the database �le. ESP A CE w as

then ran again to determine the e�ectiv eness of the correction. Minor c hanges

w ere made to impro v e the �t for the third photo electron p eak in the hop e that

this w ould b etter linearize the fourth and subsequen t p eaks where the non-linearit y

increases.

Calculation of E�ciency

With the corrected ADC v alues no w giving a linear resp onse, the ADC sum

can b e used to estimate the a v erage n um b er of photo electrons collected. T o sp eed
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up calculations, the data are rebinned b y a factor of 20 and the bins divided b y

2000 to get the n um b er of photo electrons. A P oisson distribution w as then �t to

the data to determine the a v erage n um b er of photo electrons.

T o p erform the �t, an in teger n um b er of photo electrons is estimated for the

most probable n um b er of photo electrons collected. A P oisson distribution of the

form

y =

�

x

e

� �

�( x + 1)

;

is �t, where y is the n um b er of coun ts/c hannel, x is the ADC v alue, and � is the

mean v alue of the distribution. The data are then renormalized to place the p eak

at the estimated p eak b y the transformation

x

data

= x

data

�

P

x

D ataP eak

�

:

The pro cess of p erforming the �t and re-normalizing the data is iterated un til a

unique distribution is found. By c ho osing di�eren t initial v alues of photo electrons,

the b est �t can b e c hosen and the corresp onding most probable n um b er of pho-

to electrons determined. In this manner, the most probable n um b er of detected

photo electrons w as found to b e 6, corresp onding to a mean n um b er of collected

photo electrons of 6.3. The results of this pro cedure can b e seen in Fig. 11 assum-

ing most probable n um b ers of photo electrons collected b et w een 5 and 7. The true

a v erage of the data is found b y m ultiplying, bin b y bin, the ADC resp onse b y the

n um b er of coun ts/c hannel and summing and then dividing b y the total sum of all

coun ts. In this w a y , the a v erage w as determined to b e 7.6. The di�erence in these

t w o v alues b eing due to the long tail in the distribution of the data at large ADC

v alues.

The e�ciency of the detector ma y then b e calculated through the form ula

� = 1 � e

� N

pe

:

Using the mean from the P oisson distribution �t the e�ciency of the Cherenk o v

detector is calculated to b e 99.82%, whereas the true a v erage of the data, 7.6

photo electrons, giv es an e�ciency of 99.95%

Conclusion

The a v erage n um b er of photo electrons with � = 1 particles (electrons) has

b een extracted and determined to b e 7.6. The photom ultipliers exhibited a non-

linear resp onse whic h had to b e corrected b efore this v alue could b e extracted.

A correction, to second order, w as p erformed on the photom ultipliers to force a

linear resp onse. The sum of all the ADC's w as then �t with a P oisson distribution

to giv e the mean n um b er of photo electrons collected. The e�ciency w as then

found to b e 99.95%.
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Figure 11: ADC sum sp e ctrum �t with Poisson distributions assuming di�er ent

numb ers of most pr ob able numb er of photo ele ctr ons: (a) Pe ak=5, � = 5 : 3 , (b)

Pe ak=6, � = 6 : 3 , (c) Pe ak=7, � = 7 : 3

1.7.3 Di�usion Aerogel Cherenk o v Coun ter

The magnetic �eld in the detector h ut at the lo cation of the aerogel detector w as

found to b e b elo w 0.5 Gauss. Direct measuremen t of the PMT signal reduction

there sho ws a small but stable 5% e�ect, see A. Leone and B. W o jtsekho wski,

in ternal rep ort 1998.

W eather conditions in Newp ort News require sp ecial atten tion to h umidit y

con trol. A six PMT protot yp e w as used to c hec k the e�ect of aerogel baking on

the ligh t output. A large factor of ab out four w as observ ed in the amoun t of ligh t

output from aerogel, see R. Iommi et al., in ternal rep ort, 1999.

Direct measuremen t of the baking and h umidit y e�ects on the aerogel w eigh t

and ligh t transmission (at 420 nm) sho w the necessit y of k eeping the air in the

baking o v en v ery dry during �nal stage of baking and of assem bling the detector as

fast as p ossible at as lo w as p ossible h umidit y , see A. White, JLab T ec hnical Note

99-030. A plastic ten t with DriT ex deh umidi�er w as built to k eep the h umidit y

at a lev el 3-5% during assem bly pro cess, see Fig. 12.

A design of the 24 PMT aerogel detector w as made based of the follo wing

considerations:

- complete hermetic sealing of the aerogel b o x and CO2 
ushing;

- p ositiv e HV on the PMT for b est geometry of the PMT face;

- no individual magnetic shields for b est geometry of PMT face;
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Figure 12: A er o gel instal lation inside the dry tent.

- double la y er millip ore pap er coating of the in terior of the detector;

- progressiv e HV divider for linearit y of the PMT output.

A detailed study w as done b y using cosmic ra ys �ltered through a cub e of lead

2 feet on a side.

The detector p erformance w as tested with b eam in August with electrons and

elastically recoiling protons. This test ga v e a direct measuremen t of the e�ciency

and rejection factors, whic h are the most imp ortan t prop erties.

1.7.4 Di�usion Aerogel Cerenk o v Coun ter Commissioning (Con tributed

b y P . Mark o witz)

In tro duction

The k aon exp erimen ts (E94-107 and E98-108) require stringen t particle iden ti-

�cation to iden tify the true (e,e'K) coincidence reactions amidst high bac kgrounds

of not only true ( e; e

0

�

+

) and ( e; e

0

p ) reactions but more frequen tly the acciden tal

( e; �

�


 �

+

; K ; p ) coincidences. While true coincidence rates are less than 1 Hz,

acciden tal rates of 1000 Hz or more will b e prev alen t for some kinematics.

A threshold di�usion aerogel detector (D AD) w as built to pro vide separation

of �

+

from k aons and protons, based up on their v elo cities. The detector has an

activ e area of 160 � 22 cm

2

and w as �lled with aerogel with a nominal index of

refraction of 1.025 (giving a nominal threshold of � = 0 : 975. The thic kness of
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the aerogel w as either 3 cm for � 1 : 2 � x � 0 : 2m or 9 cm for 0 : 2 � x � 1 : 2m

where x is the p osition in the fo cal plane along the disp ersiv e direction and x = 0

corresp onds to the cen tral tra jectory through the sp ectrometer.

Tw o ro ws of 12 photom ultlier tub es (Burle 8854 �v e-inc h tub es) lined b oth

sides of the di�usion v olume. The high v oltage for the tub es w as set (using cosmics

ra ys for generating signals) to giv e appro ximately 70 mV signals in to a 50 


terminal resistor for the single photo electron p eak. This corresp onded to ha ving

the single photo electron p eak in c hannel 200 of the ADC.

Beam T ests

Electron b eams of 3.3 and 5.5 GeV w ere used to commission the detector in

August of 1999. The tests w ere mean t to answ er sev eral questions:

� Ho w man y photo electrons w ould result for � =1 particles (i.e., ab o v e thresh-

old �

+

ev en ts in the k aon exp erimen ts)? F or this test, the HRSh sp ectrome-

ter w as set to negativ e p olarit y and quasielastic electrons from

12

C w ere used

to illuminate the detector broadly . Since ev ery electron should giv e a signal

in the D AD, the data determined the e�ciency of the aerogel for detecting

ab o v e threshold particles when a minim um n um b er of N photo electrons is

imp osed up on the data.

� Ho w man y photo electrons w ould result for (subthreshold) � =0.9 particles

(i.e., the k aons and protons in the exp erimen ts)? The k aons and protons

should nev er �re the coun ter; ho w ev er b y creating kno c k-on electrons a frac-

tion of the inciden t sub-threshold particles do giv e a signal in the D AD. This

data determined the e�ciency of the aerogel for detecting sub-threshold par-

ticles when a minim um n um b er of N photo electrons is imp osed up on the

data.

� What is the dep endence of these e�ciencies on the thic kness of the aerogel?

The aerogel has a v ery short scattering length and the ligh t detected is not

linearly prop ortional to the aerogel thic kness, but the absorption dep ends

on the n um b er of b ounces and amoun t of aerogel tra v ersed.

Results

The results are displa y ed graphically in Figures 13a and 13b. Statistical error

bars are hidden b y the larger size of the plotting sym b ol. The systematic uncer-

tain ties are estimated to b e on the order of 1-2% relativ e and are not sho wn. Plot-

ted is the fraction of the ev en ts whic h result in a n um b er of photo electrons equal

to or greater than a giv en v alue, as a function of the n um b er of photo electrons.

This n um b er im ust also b e corrected for the true lo cation of the single-photon

p eak. F or example, if the analysis requires in the 9cm region of aerogel that a

minim um n um b er of 3.5 photo electrons is observ ed, � 95% of the ab o v e threshold

particles will �re the detector, ho w ev er � 5% of the b elo w threshold particles will

also b e v eto ed.
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Figure 13: The e�ciency for � =1 and � =0.9 p articles in the a) 3cm aer o gel and

b) 9 cm aer o gel.

Another in teresting feature is seen b y comparing the 3 cm data and the 9

cm data. The radiator thic kness has increased b y a factor of three, whic h w ould

naiv ely lead to an exp ectation of an increase b y a factor of three in the a v erage

n um b er of photo electrons. This is not observ ed; instead, due to the com bination

of increased scatterings (due to the additional aerogel thic kness with its atten-

dan t short scattering length) and subsequen t absorbtion, the n um b er increases

b y less than a factor of t w o. Ho w ev er the n um b er of photo electrons created b y

subthreshold particles is essen tially unc hanged, meaning that a thic kness of 9 cm

is preferred for this index of refraction of aerogel.

By placing a cut at 3 photo electrons, the 9 cm data rejects 99% of the � = 1

particles, while only accepting 1% of the subthreshold particles, i.e., 99% of the

� = 1 giv e more than 3 photo electrons, while only 1% of the � = 0 : 9 subthreshold

particles giv e more than 3 photo electrons. Similarly , in the 3 cm data a cut placed

at appro ximately 1.75 photo electrons will reject 96% of the the � = 1 particles,

while accepting only 4% of the subthreshold particles, i.e., 96% of the � = 1 giv e

more than 1.75 photo electrons, while only 4% of the � = 0 : 9 subthreshold particles

giv e more than 1.75 photo electrons in the 3 cm region of aerogel. These are quite

impressiv e p erformances.
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Figure 14: The (e,e'K) missing mass sp e ctrum a) without and b) with a cut on

the pulse height in the aer o gel dete ctor.

Figure 14 sho ws the missing mass sp ectrum (a) without and (b) with a cut on

the pulse heigh t in the aerogel detector. Without an y cuts, the pions (mainly true

( e; e

0

�

+

) coincidences) form a dominan t bac kground, although the � p eak is still

clearly seen. With the cut, the bac kground is greatly reduced, and sho ws the �

0

p eak as w ell. The remaining bac kground is mainly acciden tal (e,e'p) coincidence

reactions. A second aerogel with a higher index of refraction (designed to �re on

b oth k aons and pions but not protons) will reject the remaining bac kground.

Conclusions

A threshold di�usion aerogel detector has b een commissioned. The results

sho w that the e�ciency using 9 cm of aerogel will giv e a go o d rejection (99%) of �

+

ev en ts in the up coming exp erimen ts. Based up on these results, a second di�usion

aerogel b o x using a radiator with a larger index of refraction will b e constructed to

reject protons. Additionally , t w o kinematics ha v e b een tak en where the existing

di�usion b o x w as used to pro duce a H ( e; e

0

K

+

)�

0

sp ectrum. Those data are still

under analysis and additional results will b e presen ted so on.

1.7.5 V ertical Drift Cham b er

The algorithm for data based calibration of the time-to-distance con v ersion w as

dev elop ed and tested (with K. Fissum). The resulting table allo ws a fast and

nearly p erfect con v ersion, as sho wn in Fig. 15. The main ideas are to use the

global angle for corrections and symmetric ev en ts ( t

i

= t

i +1

and t

i � 1

= t

i +1

) for

�xing the x/t calibration parameters. A complete discussion of b oth this algorithm
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and en tire VDC pro ject will b e presen ted in a forthcoming tec hnical note.

Figure 15: VDC time-to-distanc e c onversion.

1.7.6 Gas Cherenk o v Coun ter

A study of the gas c herenk o v (GC) p erformance found the follo wing. A uniform

v oltage distribution on the 8854 PMT led to nonlinearit y in the GC output, ev en

for relativ ely small ano de signals b ecause in eac h ev en t the photons are fo cused

on a small ( � 1 cm

2

) area of the PMT photo catho de. F or a correct coun ting of

the n um b er of the photo electrons the a v erage amplitude of the single photo elec-

tron signal should b e used for normalization, not a p eak v alue, as w as done in

man y previous analyses, see e.g., the study b y M. Shephard and A. P op e, JLab

T ec hnical Note 97-028. A MC sim ulation of the amplitude distribution using the

exp erimen tal distribution of one photon resp onse and P oisson distribution for pho-

ton coun ting as inputs, agreed w ell with the observ ed amplitude distribution, see
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the co de and results b y J.McCann, JLab T ec hnical Note 98-027. A P-terphen yl

coating increases the n um b er of detected photo electrons b y a factor of up to 1.3

for Burle 8854 PMT, see S.Duncan et al., JLab T ec hnical Note 98-006.

1.7.7 Pion rejector

Figure 16: Pion R eje ctor c ounter.

F or redundan t pion/electron iden ti�cation on the Hadron arm during

3

H e ( e; e

0

)

exp erimen ts a lead-glass based pion rejector w as built, see Fig. 16. W e used spare

lead glass blo c ks 15x15x30 cm left from Electron arm sho w er detector. The ampli-

tude distributions for the pions and electrons ( b ottom ) are sho wn in Fig. 17. The

acceptance co v erage (righ t) and the acceptance holes (left) are sho wn in Fig. 18.

1.7.8 Large Scin tillator Arra ys

The proton yield in electropro duction w as measured using 16 large plastic coun ters

from ITEP . The results w ere ab out a factor 1.5 to 2 lo w er than a MC prediction

b y P . Degterenk o.

F or a study of n ucleon correlations UV a built neutron bars whic h w ere assem-

bled in the form of a 7x11 pac k age. This pac k age w as used to ev aluate luminosit y

limitations with a large op en detector \Third Arm". Fig. 19 presen ts the cur-

ren t from individual PMT whic h is prop ortional to the ligh t emission in the giv en

coun ter. The fron t w all gets � 50 times more bac kground than the inner bars.
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Figure 17: Pion R eje ctor A mplitudes

The outer side detectors ha v e ab out double the curren t of inner detectors. F or

more information see h ttp://erwin.ph ys.virginia.edu/researc h/groups/thirdarm.

1.7.9 Big Bite detector pac k age

On August 16, 1999 a w orkshop w as held where sev eral exp erimen ts whic h migh t

use the Big Bite detector w ere discussed. Pion threshold electropro duction can b e

done at lo w luminosit y with the presen t detector system, but man y other require

a 10

38

/cm

2

/s luminosit y and a new highly segmen ted detector. A prop osal for a

new detector is under dev elopmen t.
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Figure 18: Pion R eje ctor A c c eptanc e.

1.8 Data Acquisition and T rigger (Con tributed b y R.O. Mic haels)

This section explains the progress and problems in D A Q and triggers, and outlines

the plans for the near future. Ev ery one is reminded that up{to{date information

on status, structure, and usage are at

www.jlab.org/Hall-A/equipmen t/daq/daq trig.h tml.

In the past y ear, there w ere t w o main impro v emen ts in the D A Q: (1) W e

deplo y ed the capabilit y of making the t w o HRS read out indep enden tly , whic h

appro ximately doubles the sp eed for single{arm exp erimen ts. (2) The net w orks

in v olv ed in our t w o \high p erformance" systems (HRS and Compton D A Q) w ere

upgraded with b etter isolation (subnetting and lo calized resources), new switc hes

and gigabit routers. In some sp eci�c instances, problems on external systems

had b een observ ed to slo w do wn the D A Q. The upgrades cut do wn on these

in terferences.

A problem noted ab out the trigger is that man y of the commercial mo dules

w e use are no longer man ufactured. W e are curren tly seeking long{term solutions.

One example is that our leading{edge discriminators, whic h are no longer made

b y LeCro y , will ev en tually b e replaced b y constan t fraction discriminators whic h

should impro v e the time resolution. Bogdan W o jtsekho wski is w orking on this.

Another problem noted is that soft w are to analyze the trigger e�ciency , logic,

and timing is not standardized in ESP A CE. Eac h exp erimen t creates their o wn

v ersion, and there is virtually no transfer of kno wledge nor of soft w are. New online

soft w are is b eing written whic h will help correct this situation.

In the near future, the follo wing upgrades are planned: (1) In No v em b er

1999, a new \burst mo de" ADC will b e deplo y ed for reading out the BPM and

raster information. It will replace the ADC mo dules whic h had the infamous
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Figure 19: A no de curr ents in 7x11 p ackage.

sync hronization problems noted during V CS exp erimen t. In eac h ev en t t ypically

5 samples will b e read out at 1 MHz, so that b oth the amplitude and phase can b e

determined unam biguously . (2) In the Jan uary sh utdo wn, all the RS232 terminal

serv ers will b e replaced. (3) Also in Jan uary , w e will upgrade COD A to use the

ET ev en t distribution system. This will impro v e the real{time distribution of

ev en ts to online soft w are.

Another ma jor e�ort in the next y ear is the setup of a D A Q system for a \third

arm" sp ectrometer, in this case the calorimeter and asso ciated detectors for the

Real Compton Scattering exp erimen t. Ph ysicists from the Univ ersit y of Illinois

and JLab are collab orating to mak e this D A Q system and in tegrate it with the

HRS D A Q.
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1.9 Analysis Soft w are (Con tributed b y J-O Hansen)

Users curren tly use the F OR TRAN-based ESP A CE

4

w as originally dev elop ed at

Mainz and later re�ned at MIT b efore b eing in tro duced in 1995/96 b y E. O�erman.

It is written in F OR TRAN 77 with V AX-st yle extensions (e.g. structures). Its

capabilities include:

� Reading ra w ev en t data, mapping them to logical structures, and analyzing

them in terms of ph ysics quan tities (e.g. hits, photo electrons, four-v ectors,

kinematics).

� Dynamic de�nition of conditional tests (cuts) and application of these to

select ev en t data.

� Dynamic de�nition of histograms and n tuples and output of these in HBOOK

format.

� Fitting of analysis parameters to exp erimen tal data (\optimization").

� Displa ying single ev en ts in terms of detector hits in a graphics windo w.

� Program con trol and analysis steering via KUIP .

Dynamic de�nition of tests and histograms is accomplished b y the COOLHANDS

pac k age [3] whic h can b e accessed from KUIP . The wire-c ham b er trac k-�tting co de

in ESP A CE is quite adv anced and is usually more accurate, although also consid-

erably slo w er, than similar readily a v ailable algorithms. ESP A CE is a v ailable on

HP-UX, SunOS, Alpha/OSF, and Lin ux. It do es not curren tly w ork under AIX.

ESP A CE has b een used to date b y almost all exp erimen ts for pro duction data

analysis. The program is activ ely main tained; new v ersions are released ev ery

sev eral mon ths and include bug �xes and relativ ely minor impro v emen ts. It is

common for exp erimen ts to customize the \o�cial" ESP A CE for their sp eci�c

needs.

The exp erience with the pac k age has generally b een go o d. ESP A CE's main

adv an tages are that it is relativ ely w ell debugged after sev eral y ears of use and has

b een adapted for the sp eci�c hall requiremen ts. Ho w ev er, a n um b er of complain ts

ha v e b een raised, including:

� Sp eed: ESP A CE is relativ ely slo w compared to similar programs, giv en the

fact that the detectors are only mo derately complex. T ypical analysis rates

on a fast Lin ux mac hine are 100-200 ev en ts/s.

4

E v en t S canning P rogram pac k age for data analysis. While ESP A CE generally p erforms

w ell, it has a n um b er of shortcomings concerning sp eed, 
exibilit y , and main tainabilit y . T o

address these issues, w e are in the pro cess of redesigning its analysis soft w are using ob ject-

orien ted programming concepts. The implemen tation of the new analyzer will rely on the R OOT

system, dev elop ed at CERN, and the C++ programming language.

1.9.1 ESP A CE

Our curren t ph ysics analysis soft w are ESP A CE for Hall A C ollab oration E xp erimen ts
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� Flexibilit y: ESP A CE's rigid structure mak es it di�cult to mo dify the pro-

gram, e.g. to add new detectors.

� Main tainabilit y: ESP A CE is hard to main tain due to its monolithic program

structure, the F OR TRAN 77 language, and use of un v ersioned text-based

database input �les.

� Do cumen tation: Detailed programming information and do cumen tation of

algorithms is sparse, adding to the di�cult y to main tain the pac k age.

� P ortabilit y: Extensiv e use of V AX-st yle, non-standard F OR TRAN requires

sp ecial, commercial compilers and limits p ortabilit y (e.g. AIX).

� ESP A CE relies hea vily on CERNLIB, KUIP , and HBOOK, whic h, although

curren tly still supp orted b y CERN, are headed for obsolescence.

� Limited capabilities: No real-time (online) viewing. Optimizations do not

w ork in some cases. COOLHANDS has only limited functionalit y for arra ys

and 2-dim histograms.

Among these, the �rst four are particularly imp ortan t in view of up coming detector

upgrades. Unfortunately , impro v emen ts w ould require a signi�can t e�ort and

migh t result in large sections of the co de b eing essen tially rewritten.

1.9.2 The Ob ject-Orien ted Analyzer

In Ma y 1999, after ev aluating sev eral options for the future of our analysis soft w are,

the co de dev elopmen t team

5

decided to start the design of a new analyzer using

ob ject-orien ted programming concepts implemen ted in C++. This new analyzer

will rely , at least partly , on the R OOT system [4], an ob ject-orien ted framew ork

that has b een under dev elopmen t at CERN since 1995 and has b een adopted b y

sev eral ma jor collab orations at FNAL, BNL, and elsewhere.

R OOT is frequen tly considered the \successor of P A W", but actually o�ers

m uc h more functionalit y than just in teractiv e data analysis, viz. ob ject-based I/O,

complex data structures (\trees"), m ulti-dimensional histogramming, an in terac-

tiv e C++ in terpreter (CINT), database, clien t/serv er and parallel pro cessing facil-

ities, and supp ort for dynamic linking, to name a few. R OOT curren tly has ab out

500 activ e users w orldwide. Extensiv e do cumen tation is a v ailable on the W eb [5].

Since man y ph ysics-sp eci�c capabilities (e.g. histogramming, data structure I/O)

ha v e already b een implemen ted in R OOT, they do not need to b e rein v en ted for

our purp oses; and, since R OOT is b eing used b y sev eral other ma jor collab ora-

tions, a wide co de base as w ell as supp ort is readily a v ailable.

The design of the new, ob ject-orien ted analyzer is curren tly in progress and

exp ected to con v erge to w ards the end of this y ear. A �rst w orking v ersion could

b e a v ailable as early as mid-2000. The design goals are, ob viously , to pro vide the

5

W. Bo eglin (FIU), J.-O. Hansen (JLab), J. T emplon (Georgia), P . Ulmer (ODU)
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functionalit y of the curren t ESP A CE (ho w ev er, not necessarily all included in a

single monolithic program) and to impro v e on most of the iden ti�ed shortcomings

of ESP A CE. P articular emphasis will b e placed on 
exibilit y to accommo date

c hanging detector con�gurations.

Manp o w er curren tly consists of three sta� mem b ers, eac h con tributing b et w een

30-70% of their time. Sev eral other p eople ha v e expressed in terest in con tributing

at later stages of the pro ject. Some collab oration with Hall C as w ell as the JLab

D A Q group is also exp ected.
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1.10 Optics Commissioning (Con tributed b y N. Liy anage)

Thanks to a lot of planning and hard w ork b y man y p eople w e no w ha v e go o d

optics databases that co v er a large fraction of the momen tum range of the HRS

pair. During the last few mon ths w e ha v e tak en data required to calibrate the

sp ectrometers at the remaining momen ta. W e are hoping to �nish the analysis of

this data b y the end of the y ear. These w ould complete the set of databases that

w ould co v er the a v ailable momen tum ranges of the HRS pair.

The optics data used for the recen t optimizations w ere acquired during exp er-

imen ts E93-050 (V CS) and E94-010 (GDH). During these optimizations sev eral

impro v emen ts to the ESP A CE optimizations pro cedures w ere made. These im-

pro v emen ts w ould b e extremely useful for the future optimization pro jects.

1.10.1 Databases at 0.85 GeV/c

The linear range of the high resolution sp ectrometers extends up to � 3 : 0 GeV/c.

Th us a database optimized at 0.8 GeV/c w orks w ell o v er this whole range. The

optics data obtained during the GDH exp erimen t with a

12

C target stac k co v ering

the full y

tg

range of the sp ectrometers w ere used to optimize the databases for

b oth HRSe and HRSh at 0.85 GeV/c. As exp ected the obtained databases w ork

w ell from 0.4 GeV/c to 3.0 GeV/c for the whole y

tg

range of � 5 cm.

1.10.2 HRSe Databases ab o v e 3.0 GeV/c

The optics data tak en during the V CS exp erimen t pro vided the opp ortunit y to

optimize the HRSe optics database at 3.0 GeV/c and 3.5 GeV/c. These databases

ha v e similar resolutions and accuracies as the databases obtained at lo w er mo-

men ta. Ho w ev er the y

tg

co v erage is limited.

1.10.3 Summary of a v ailable databases

Sp ectrometer Database P range Y

tg

range

0.85 GeV/c up to 3.0 GeV/c � 5.0 cm

HRSe 3.0 GeV/c 2.8 GeV/c - 3.4 GeV/c � 3.0 cm

3.5 GeV/c 3.3 GeV/c - 3.7 GeV/c � 2.0 cm

HRSh 0.85 GeV/c 0.4 GeV/c - GeV/c � 5.0 cm

T able 11: Sp e ctr ometer Datab ase Summary.

W e ha v e tak en optics calibration data for HRSe at 4 GeV/c and for HRSh at

2.75 GeV/c. This data is b eing analyzed no w.

Listed b elo w are the accuracies and resolutions ac hiev ed with the a v ailable

databases:
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F or 0.85 GeV/c electrons scattered o� a thin

12

C target

� Angle determination accuracy

� T ransv erse 0.15 mrad

� Disp ersiv e 0.5 mrad

� Angular resolution (FWHM)

� T ransv erse 1.5 mrad

� Disp ersiv e 6.8 mrad

� Momen tum resolution (FWHM)

F or y

tg

= 0 3 � 10

� 4

Ov erall 4.5 � 10

� 4

� T ransv erse p osition determination

� 0.5 mm

� T ransv erse p osition resolution

4.0 mm

The ab o v e angular and p osition resolutions are close to what can b e exp ected

at 0.85 GeV/c for this target con�guration. Ho w ev er, the momen tum resolution

is ab out a factor of t w o w orse than exp ected. This can b e attributed to the

b eam energy spread whic h has b een measured to b e ab out 2.5 � 10

� 4

(FWHM).

Impro v emen ts in the b eam energy width is exp ected to impro v e the momen tum

resolution to ab out 1 � 10

� 4

(FWHM) at the middle of the fo cal plane and to ab out

3 � 10

� 4

(FWHM) o v erall at 0.85 GeV/c.

1.10.4 Sp ectrometer constan ts calibration

The HRS sp ectrometer constan ts (�) w ere previously kno wn only at ab out the

2 � 10

� 3

lev el. The precision b eam energy measuremen ts using EP and Arc ha v e

made it p ossible to measure the sp ectrometer constan ts m uc h more accurately .

Therefore whenev er a b eam energy measuremen t w as p erformed w e ha v e gathered

data necessary for the calculation of �.

W e use t w o metho ds to calculate the �'s:

� The direct metho d, where w e measure elastic scattered electrons from

12

C

to directly calculate � for that sp ectrometer.

� The indirect metho d where w e measure the missing energy of 1p

1 = 2

state in

12

C( e; e

0

p ) coincidence data. W e then use this information with the already

measured sp ectrometer constan t of one sp ectrometer to deriv e � for the

other sp ectrometer.
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Using these t w o metho ds w e ha v e calculated the sp ectrometer constan ts of

the t w o sp ectrometers at the momen ta summarized b elo w. W e are planning to

tak e more data in the next few mon ths whic h w ould allo w us to calculate the

sp ectrometer constan ts of b oth sp ectrometers o v er the full momen tum ranges to

4 � 10

� 4

accuracy . Once b oth sp ectrometer constan ts ha v e b een measured to this

lev el, a short

12

C( e; e

0

p ) run can b e used to calculate the b eam energy to a similar

accuracy eliminating the need to p erform energy measuremen ts frequen tly .

The tables b elo w summarize the sp ectrometer constan t v alues w e ha v e calcu-

lated with the a v ailable data.

Momen tum (GeV/c) �

H RS h

2.73 269.4 � 0.15

12

C(e,e'p)

1.88 269.2 � 0.2

12

C(e,e'p)

0.61 268.4 � 0.9 H(e,e'p)

T able 12: �

H RS h

Momen tum (GeV/c) �

H RS e

1.26 270.1 � 0.1

12

C(e,e)

3.88 269.9 � 0.2

12

C(e,e'p)

T able 13: �

H RS e
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2 Summaries of Exp erimen tal Activities

2.1 E89-003

A Study of the

16

O( e; e

0

p ) Reaction in Quasielastic Kinematics

W. Bertozzi, R. Lourie, A. Saha and L. W einstein, Sp ok esp ersons,

and

the Hall A Collab oration.

Exp erimen t 89-003 w as the �rst ph ysics exp erimen t in Hall A. The exp erimen t

to ok place in the summer of 1997 and the data analysis w as completed b y the end

of 1998. A letter on the 1p state results has b een submitted for publication and a

letter on 1s state results is in preparation. [6,7]

In this exp erimen t, w e measured the

16

O( e; e

0

p ) reaction in the quasielastic

region at j ~q j = 0 : 992 GeV/c and ! = 439 MeV. W e extracted the longitudinal

( R

L

), transv erse ( R

T

), and longitudinal-transv erse in terference ( R

LT

) resp onse

functions from cross sections measured at sev eral b eam energies and electron an-

gles for E

miss

< 60 MeV and P

miss

< 355 MeV/c. This w as the �rst resp onse

function separation on a complex n ucleus at large E

miss

and P

miss

.

W e scattered the con tin uous inciden t electron b eam from a w aterfall target

[8] and detected the scattered electrons and kno c k ed-out protons in the High

Resolution Sp ectrometers.

W e measured the

16

O( e; e

0

p ) cross sections at three b eam energies k eeping j ~q j

and ! �xed in order to separate resp onse functions and understand systematic

uncertain ties (see T able 14). F or �

pq

= � 8

�

, R

LT

and A

LT

extracted at E

beam

=

2 : 4 GeV agree with those extracted at E

beam

= 1 : 6 GeV within one standard

deviation. The o v erall systematic uncertain t y in the extracted resp onse functions

is ab out 5%. This uncertain t y is dominated b y the uncertain t y of the H( e; e

0

) cross

section to whic h the data w ere normalized [9].

The accuracy of a resp onse function separation dep ends on precisely matc hing

the v alues of j ~q j and ! b et w een di�eren t kinematic settings. In order to matc h j ~q j ,

w e measured H( e; e

0

p ) (also using the w aterfall target) with a pinhole collimator

in fron t of the HRS

e

. The momen tum of the detected protons w as th us equal to

~q . W e determined the lo cation of the H( e; e

0

p ) momen tum p eak to

� p

p

= 1 : 5 �

10

� 4

, allo wing us to matc h j ~q j to 1 : 5 � 10

� 4

b et w een the di�eren t kinematic

settings. Throughout the exp erimen t, H( e; e

0

) data, measured sim ultaneously with

the

16

O( e; e

0

p ) data, pro vided a con tin uous monitor of b oth luminosit y and b eam

energy .

The radiativ ely corrected

16

O( e; e

0

p ) cross section as a function of missing

energy for E

beam

= 2 : 4 GeV at P

miss

� 60 MeV/c is sho wn in Fig. 20. The t w o

prominen t p eaks at E

miss

= 12 : 1 and 18.4 MeV corresp ond to protons kno c k ed-

out from the 1 p

1 = 2

and 1 p

3 = 2

states. The missing energy resolution is 0.9 MeV
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FWHM. The p eak at 22 MeV is a cluster of 1 p

3 = 2

states. The broad p eak cen tered

at E

miss

� 42 MeV is due to proton kno c k out from the 1 s

1 = 2

state.
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Figure 20: Me asur e d

16

O ( e; e

0

p ) missing ener gy sp e ctrum for E

beam

= 2 : 4 GeV at

P

miss

= 60 MeV/c.

Figure 21 sho ws the measured momen tum distribution at E

beam

= 2 : 4 GeV.

The calculations of Udias are in excellen t agreemen t with the data, whereas the

calculations of Kelly are in go o d agreemen t up to P

miss

= 280 MeV/c.

W e extracted the left-righ t asymmetry ( A

LT

=

� ( � =0

�

) � � ( � =180

�

)

� ( � =0

�

)+ � ( � =180

�

)

) from the

measured cross sections (see Fig. 22).

T o determine ho w m uc h of the observ ed con tin uum strength can b e explained

b y 1 s

1 = 2

-state kno c k out, w e compared our results to single-particle kno c k out cal-

culations b y Kelly [12], and Ryc k ebusc h [13{15].

Fig. 2.1 sho ws the cross sections measured o v er the en tire range of P

miss

prob ed

b y this exp erimen t. The cross sections are compared to 1 s

1 = 2

-state single-particle

kno c k out calculations b y Kelly folded with a Loren tzian shap e with an energy-

dep enden t width [16,17]. A t h P

miss

i = 50 MeV, the Loren tzian shap e exactly

describ es the measured cross section.

As P

miss

increases, the single-particle kno c k out calculation accoun ts for only

a fraction of the measured strength. F urthermore, for the t w o settings with P

miss

ab o v e the F ermi-momen tum of

16

O ( � 220 MeV/c), the measured cross section

pro�les do not exhibit an y resem blance to the exp ected single-particle Loren tzian

shap e. This clearly indicates that the cross section measured at high E

miss

and

high P

miss

is mostly of non-single-particle origin.
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Figure 21: Me asur e d cr oss se ctions and D WIA c alculations at E

b eam

= 2.4 GeV.

The solid line is the Udias et al. c alculation [10], and the dashe d line is the Kel ly

c alculation [11]. The 1 p

1 = 2

state cr oss se ction and c alculations have b e en multiplie d

by a factor of 20.

Figure 24 presen ts the separated resp onse functions for the high E

miss

region

of the �

pq

= 0

�

kinematic setting. The di�erence b et w een the transv erse and

longitudinal sp ectral functions ( S

T

� S

L

), whic h is exp ected to b e zero for a free

n ucleon, is nonzero for E

miss

> 40 MeV. This is in qualitativ e agreemen t with the

high- E

miss

b eha vior of R

L

and R

T

observ ed at MIT-Bates b y Ulmer et al. [18]

and also at Je�erson Lab in Hall C [19].

E

b eam

�

e

�

pq

(GeV) (

�

) (

�

)

0.843 100.7 0, 8, 16

1.643 37.2 0, � 8

2.442 23.4 0, � 2 : 5, � 8, � 16, � 20

T able 14: Exp erimental Kinematics

In summary , w e ha v e measured, in a previously inaccessible region of mo-

men tum transfer, cross sections, the left-righ t asymmetry A

LT

, and the resp onse

functions R

L + T T

, R

LT

, and R

T

for

16

O( e; e

0

p ) proton kno c k out for missing mo-

men tum less than 355 MeV/c. Data analysis has b een completed and publications

ha v e b een submitted.
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Figure 22: The dashe d line is the Kel ly c alculation [11]. The other curves ar e

fr om Udias et al. [10]. The solid line is the ful ly r elativistic c alculation, the close

dotte d line is that with only the b ound-state spinor distortion include d, the wide

dotte d line is that with only the sc atter e d-state spinor distortion include d, and the

dot-dashe d line is that without spinor distortion include d.

2.2 E89-033

Limits on Changes in G

p

E

=G

p

M

in the Nuclear Medium from the

16

O( ~ e; e

0

~p )

Reaction

Charles Glashausser

and

The Hall A Collab oration

The longitudinal ( P

L

) and transv erse ( P

T

) comp onen ts of the p olarization of

the recoil proton in the

16

O( ~ e ; e

0

~p ) reaction are sensitiv e to the electromagnetic

form factors G

p

E

and G

p

M

of the proton in the n uclear medium. The ratio of these

p olarization comp onen ts can b e measured with little systematic error since the

p olarization of the b eam and the analyzing p o w er of the proton p olarimeter can-

cel in the ratio. This ratio is then a robust measure of p ossible c hanges in the form

factor ratio in the n uclear medium, since man y corrections to the Impulse Appro x-

imation are also minimized. E89-033 is the �rst application of this tec hnique to a

complex n ucleus.

The exp erimen t w as run in the summer of 1997, as part of the commissioning

of Hall A. This exp erimen t also functioned as a commissioning activit y for the

p olarized b eam at JLab, and for the fo cal plane p olarimeter. The data ha v e no w

b een analyzed, and compared with sev eral theoretical calculations. The results

are describ ed in the Ph.D. theses of t w o studen ts, Sergey Malo v and Krishni Wi-

jeso oriy a, who ha v e successfully defended in Septem b er at Rutgers and in Ma y at
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Figure 23: Cr oss se ctions me asur e d at di�er ent missing momenta as a function of

missing ener gy. The curves show the 1 s

1 = 2

-state single-p article str ength c alculate d

by Kel ly folde d with the L or entzian p ar ameterization of Mahaux.

William & Mary , resp ectiv ely . Preliminary results ha v e b een presen ted in in vited

talks at conferences up to Ma y , 1999. A pap er is curren tly under preparation.

The results of the 1997 run yield a result for the ratio of G

p

E

and G

p

M

in the

n uclear medium whic h is consisten t with its free v alue with an uncertain t y of

ab out 17% at Q

2

of 0.8 GeV

2

. The error is essen tially all statistical. The run

exhausted only a part of the allotted time for E89-033, and the inital curren t

and p olarization from the p olarized source w ere relativ ely lo w. Exp erimen tal sys-

tematic errors are ab out � 2%. Theoretical uncertain ties caused b y distortions,

t w o-b o dy curren ts, and the lik e ha v e also b een analyzed. These results suggest

that the total theoretical and exp erimen tal uncertain t y in future high-statistics

measuremen ts will b e small enough to pro vide a sensitiv e test of the predictions of

medium-induced c hanges in the form factor ratio made recen tly b y the Adelaide

group [21]. The p erformance of the p olarized source during the related measure-

men ts on the free proton in E93-027 suggests that small statistical errors will b e

p ossible with reasonable running times for n uclear targets.
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Figure 24: The sep ar ate d r esp onse functions and the di�er enc e of the longitudinal

and tr ansverse sp e ctr al functions for the j �

pq

j = 0

�

setting ( h P

miss

i � 60 MeV/c).

The c alculations have b e en binne d in the same manner as the data.

2.3 E91-026

Measuremen ts of the Deuteron Elastic Structure functions at Large Q

2

J. Gomez and G. G. P etratos, Sp ok esp ersons,

and

The Hall A Collab oration

JLab exp erimen t E91-026 measured the deuteron elastic structure functions,

A ( Q

2

) and B ( Q

2

), up to large momen tum transfers. It to ok data for 2 mon ths

of b eam time in the fall of 1997 using the JLab electron b eam and the Hall A

sp ectrometer facilit y . The b eam energy ranged from 0.5 to 4.4 GeV and the b eam

curren t w as as high as 120 � A. Inciden t electrons w ere scattered o� a 15 cm

liquid deuterium target cell. Elastically scattered electrons w ere detected in the

electron high resolution sp ectrometer (HRSe). Recoiling deuterons w ere detected

in coincidence in the hadron sp ectrometer (HRSh). Both sp ectrometers used t w o

planes of scin tillators for triggering and timing, and a drift c ham b er system for

particle trac king. HRSe w as also equipp ed with a gas

�

Cerenk o v coun ter and a lead-

glass calorimeter for electron iden ti�cation. Coincidence ev en ts w ere iden ti�ed

using time-of-
igh t b et w een an electron trigger and a recoil deuteron trigger.
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Figure 25: The deuter on elastic structur e function A ( Q

2

) fr om JL ab exp eriment E91-026

c omp ar e d to RIA and RIA+MEC the or etic al c alculations. A lso shown ar e pr evious SLA C

data.

The A ( Q

2

) elastic structure function has b een extracted in the range 0 : 7 <

Q

2

< 6 : 0 (GeV/c)

2

from cross section measuremen ts at forw ard angles. Measure-

men ts of the cross section at a bac kw ard angle (144.5

�

) enabled separation of the

B ( Q

2

) elastic structure function b y means of a Rosen bluth separation in the range

0 : 7 < Q

2

< 1 : 4 (GeV/c)

2

. A letter describing the A ( Q

2

) results w as published

in F eb. 1999 [20]. Details on the exp erimen t and references to previous data and

theoretical calculations are giv en there.

E91-026 has signi�can tly extended the Q

2

range of the previous A ( Q

2

) SLA C

measuremen ts, as sho wn in Fig. 25, and has measured a record lo w cross section

in electron-n ucleus scattering: the a v erage cross section for the highest Q

2

p oin t

(measured with t w o di�eren t b eam energies) is appro ximately 2 � 10

� 41

cm

2

/sr.

The JLab data con tin ue the trend of the SLA C data: they are indicativ e of a

smo oth A ( Q

2

) fall o� with Q

2

and do not exhibit an y di�ractiv e feature. The

double-dot-dashed and dot-dashed curv es in Fig. 25 represen t the relativistic im-

pulse appro ximation (RIA) calculations of V an Orden, Devine and Gross (VDG)

and Hummel and Tjon (HT), resp ectiv ely . The VDG curv e is based on the Gross

equation. The HT curv e is based on a quasi-p oten tial appro ximation of the Bethe-

Salp eter equation. Both groups ha v e augmen ted their mo dels b y including the �� 


meson-exc hange curren t (MEC) con tribution. The magnitude of this con tribution

dep ends on the �� 
 coupling constan t and v ertex form factor c hoices. Although

our data fa v or the VDG RIA+MEC calculation, a complete test of the RIA+MEC

framew ork will require impro v ed/extended measuremen ts of the n ucleon form fac-

tors and of the deuteron B ( Q

2

).
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Figure 26: The deuter on form factor F

d

( Q

2

) times ( Q

2

)

5

(top) and the r e duc e d deuter on

form factor f

d

( Q

2

) (b ottom) fr om JL ab E91-026 and fr om SLA C. The curve is the asymp-

totic pQCD pr e diction arbitr arily normalize d to the data at Q

2

= 4 (GeV/c)

2

.

A t su�cien tly large Q

2

the deuteron form factors are exp ected to b e calcu-

lable in terms of only quarks and gluons. Quark dimensional-scaling (QDS) pre-

dicts that the underlying dynamical mec hanism during elastic electron-deuteron

scattering is the rescattering of the constituen t quarks via the exc hange of hard

gluons, whic h implies for the \deuteron form factor", F

d

( Q

2

) �

p

A ( Q

2

), that

F

d

( Q

2

) � ( Q

2

)

� 5

. P erturbativ e QCD (pQCD) in tro duces only slo wly v arying

logarithmic corrections with Q

2

to the QDS prediction. Fig. 26 (top) sho ws our

measured v alues of F

d

( Q

2

) m ultiplied b y ( Q

2

)

5

. It is eviden t that our data sho w

an approac h to a scaling b eha vior consisten t with the p o w er la w of QDS and

pQCD. Figure 26 (b ottom) sho ws v alues for the \reduced" deuteron form factor

f

d

( Q

2

) � F

d

( Q

2

) =F

2

N

( Q

2

= 4), where the t w o p o w ers of the n ucleon form factor

F

N

( Q

2

) = (1 + Q

2

= 0 : 71)

� 2

remo v e in an appro ximate w a y the e�ects of n ucleon

comp ositeness. Our f

d

( Q

2

) data app ear to follo w, for Q

2

> 2 (GeV/c)

2

, the

asymptotic Q

2

prediction of pQCD.

The B ( Q

2

) data analysis is still in progress. Preliminary B ( Q

2

) data are sho wn

in Fig. 27. It can b e seen that E91-026 has pro vided precise data that will put

sev ere constrain ts in the parameters of the few-b o dy \standard mo del" framew ork

based on the impulse appro ximation and meson-exc hange curren ts. The B ( Q

2

)

analysis is exp ected to conclude b y the end of next mon th. A letter summarizing

the B ( Q

2

) results will b e submitted for publication in a few mon ths.
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Figure 27: JL ab E91-026 pr eliminary r esults for the deuter on B ( Q

2

) c omp ar e d to RIA

and RIA+MEC the or etic al c alculations (curves ar e as in Fig. 25). A lso shown ar e

pr evious Saclay, Bonn, and SLA C data.

2.4 E93-027

Electric F orm F actor of the Proton b y Recoil P olarization

C.F. P erdrisat, M.K. Jones, V. Punjabi, Sp ok esp ersons

and

The Hall A Collab oration

This exp erimen t receiv ed 7 w eeks of b eam time b et w een Ma y and August,

1998. The ratio G

E p

=G

M p

w as measured at 8 v alues of Q

2

, the 4-momen tum

squared, b et w een 0.5 and 3.5 GeV

2

. The data ha v e b een fully analyzed, and a

Ph ys. Rev. Lett. pap er has b een submitted and accepted [22]. The results are

also giv en in T able 15 b elo w. The results can also b e seen in Fig. 28. One can

clearly see that ab o v e Q

2

=1 GeV

2

, the �G

E p

=G

M p

ratio is falling consisten tly ,

where earlier data had b een more suggestiv e of a constan t ratio. One notices

immediately that the precision of the data compared to previous measuremen ts is

m uc h higher, particularly at Q

2

> 1 : 5 GeV

2

.

The data from E93-027 ha v e dramatically impro v ed our kno wledge of the pro-

ton electromagnetic form factors up to Q

2

=3.5 GeV

2

. Ho w ev er, it should b e

p oin ted out that precision measuremen ts of al l f our elastic form factors of the

n ucleon are required to test theories of the strong in teraction. Ov er the Q

2

range

a v ailable at JLab, G

M p

is kno wn quite w ell, but G

E p

w as not un til the results of

JLab E93-027; the neutron form factors will b e measured in other exp erimen ts at

JLab in the near future.
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T able 15: The r atios �

p

G

E p

=G

M p

fr om this exp eriment.

< Q

2

> E

e

�

p

�

p

G

E p

=G

M p

�

stat

�

sy s

GeV

2

GeV degrees

0.49 0.934 45.3 0.966 0.022 0.011

0.79 0.934 30.8 0.950 0.015 0.017

1.18 1.821 40.4 0.869 0.014 0.027

1.48 3.395 46.5 0.798 0.033 0.035

1.77 3.395 42.9 0.728 0.026 0.047

1.88 4.087 43.4 0.720 0.031 0.060

2.47 4.090 37.7 0.726 0.027 0.062

2.97 4.087 33.6 0.612 0.032 0.056

3.47 4.090 29.9 0.609 0.047 0.045

W e ha v e seen an unexp ected and signi�can t di�erence in the Q

2

dep endence

of the magnetic and electric form factors of the proton. Extending the Q

2

range

b ey ond 3.5 GeV

2

will further map the electric form factor in to a transition region

where subn ucleonic degrees of freedom are b ecoming increasingly imp ortan t. In-

deed, at the Jan uary , 1999, Je�erson Lab P A C, a new prop osal to con tin ue the

measuremen t of the ratio of the electric to magnetic form factors, G

E p

=G

M p

, up

to a Q

2

of 5.6 GeV

2

using the recoil p olarization metho d w as appro v ed for 28 da ys

of running (E99-007).
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Figure 28: (a) The r atio �

p

G

E p

=G

M p

fr om this exp eriment, c omp ar e d with the o-

r etic al c alculations; the absolute value of �

sy s

is shown by the shade d ar e a. (b) The

r atio Q

2

F

2 p

=F

1 p

for the same data, c omp ar e d to the same the or etic al mo dels as in

3a and world data; symb ols ar e [23](Upwar d T riangles),[24](Boxes),[25](L eft T ri-

angles), [26](Cir cles),[27](R ight T riangles), [28](Diamonds), [29](Asterisks), and

[30](Downwar d T riangles).

2.5 E94-010

A Measuremen t of the Neutron (

3

He) Spin Structure F unctions at Lo w Q

2

; a

Connection Bet w een the Bjork en and GDH Sum Rules

G.D. Cates

and

The Je�erson Lab E94-010 Collab oration

Exp erimen t E94-010 successfully to ok data b et w een Septem b er 25 and Decem-

b er 24, 1998. The ph ysics goals of the exp erimen t are summarized b y the title

of our original prop osal: \A Measuremen t of the Neutron (

3

He) Spin Structure

F unctions at Lo w Q

2

; a Connection Bet w een the BJ and GDH Sum Rules". The
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exp erimen t w as designed to study spin asymmetries in the scattering of p olarized

electrons from a p olarized

3

He target through a wide range of b oth in v arian t mass

W and Q

2

. The data pro vides a �rst glimpse of spin structure b elo w the deep

inelastic regime, and a measuremen t of the \extended" Gerasimo v-Drell-Hearn

(GDH) Sum Rule in the range 0 : 2 < Q

2

< 1 : 0. Because the GDH sum rule mak es

a hard prediction for the real photon Q

2

= 0 p oin t, and b ecause the extended

GDH sum rule can b e related simply to the �rst momen t of the longitudinal spin

structure function g

1

( x; Q

2

), our measuremen t lends itself to de�nite predictions

in a Q

2

regime that is often considered un wieldy from a theoretical p ersp ectiv e.

Recen t results b y Ji and Osb orne, for instance, pro vide a de�nite framew ork for

extending the GDH sum rule b ey ond the Q

2

= 0 p oin t, as w ell as presen ting a

leading order result using Hea vy Bary on Chiral P erturbation Theory [31]. More

theoretical results app ear to b e forthcoming.

T ec hnically , our exp erimen t established sev eral imp ortan t preceden ts for Je�er-

son Lab oratory . Ours w as the �rst exp erimen t to utilize the p olarized

3

He target.

Indeed, a great deal of our collab oration's e�orts w en t in to the construction of

this target. A t a length of 40 cm and a densit y corresp onding to 10{12 atm., the

p olarized

3

He target is the thic k est p olarized

3

He target that has b een used in an

electron scattering exp erimen t. Also, despite b eam curren ts as high as 15 � A, the

target p olarization w as main tained at 32{40% throughout most of our data taking.

A more complete description of the target is con tained elsewhere in Section 1.5.

Our exp erimen t w as also the �rst to utilize a strained GaAs catho de in the

p olarized electron gun. The b eam p olarization w as roughly 70%, and a v ailabilit y

w as excellen t. With b eam curren ts that w ere often in the 10{15 � A range, and

the high p olarizations, the qualit y factor of the electron b eam w as the b est that

has ev er b een ac hiev ed in the w orld.

Since w e w ere studying inclusiv e electron scattering, w e used b oth the electron

and hadron arms for the detection of electrons. Because w e had a reasonably

large pion bac kground for some of our kinematic p oin ts, w e built and commis-

sioned for this exp erimen t a new sho w er coun ter for use in the hadron arm. In

this con�guration, the rate at whic h w e could acquire data w as sometimes limited

b y the data acquisition system (D A Q). F or this reason, a second D A Q w as com-

missioned. When running b oth D A Q's sim ultaneously , w e w ere able to acquire

data at roughly 5K ev en ts/second.

Data w ere collected at six energies: 862 MeV, 1720 MeV, 2591 MeV, 3384 MeV,

4240 MeV, and 5070 MeV. W e note that t w o new energy calibration sc hemes w ere

commissioned during our exp erimen t, one based on e � p scattering, and the other

based on measuremen ts using the arc magnets that lead in to the hall. Because

of the wide range in W and Q

2

co v ered b y our exp erimen t, w e used 69 separate

momen tum settings. All measuremen ts w ere made at a scattering angle of 15.5

�

.

The b eam w as in use for 1062 hours, resulting in roughly 2300 separate runs.

Our data pro vide reasonable co v erage from the quasielastic p eak, through the

resonance region, to the lo w er end of the deep inelastic regime.
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While our data are v oluminous, w e recorded o v er 5 terab ytes, the analysis is

pro ceeding nicely . W e ha v e studied man y issues, including scin tillator e�ciencies,

�

Cerenk o v e�ciencies, and the sp ectrometer optics. In fact, w e used some of our

b eam time to acquire the most complete set of optics data to date using 7 carb on

foils. A go o d understanding of the sp ectrometer optics is imp ortan t to us as w e will

b e extracting absolute cross sections from our data. Asymmetries are generally

easier to extract, and w e ha v e already presen ted the ra w asymmetries from the �rst

pass of our data at sev eral conferences. The asymmetries sho w ric h structure, with

large asymmetries corresp onding to the �, and pronounced asymmetries at higher

resonances as w ell. W e are curren tly w orking on radiativ e corrections, acceptance

corrections (whic h are complicated b y the large n um b er of kinematic p oin ts), and

deadtime corrections, just to name a few. The target p olarization w as monitored

during the run using an NMR system. The NMR system, in turn, is calibrated

using t w o tec hniques. One, relying on the comparison of the

3

He NMR signals

with the NMR signals of thermally p olarized w ater, is almost complete. A second

indep enden t calibration metho d relying on a comparison of

3

He NMR signals with

electron paramagnetic resonance (EPR) signals from rubidium, is still in progress.

With w ork on man y asp ects of the analysis nearing completion, w e exp ect to

do a second pass on our data relativ ely so on. W e exp ect to submit our �rst results

for publication during the win ter of 1999-2000. W e note �nally that �v e studen ts

will b e receiving Ph.D.'s for w ork related to E94-010.
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2.6 E95-001

Precise Measuremen t of the T ransv erse Asymmetry in Quasielastic

3

~

He( ~ e ; e

0

) and

the Neutron Magnetic F orm F actor

J.-O. Hansen, Je�erson Lab

and

The Je�erson Lab E95-001 collab oration

W e ha v e measured the transv erse asymmetry A

T

0

in

3

~

He( ~ e ; e

0

) quasielastic

scattering with high statistical precision for Q

2

-v alues from 0.1 to 0.6 (GeV/c)

2

.

The data are exp ected to allo w extraction of the neutron magnetic form factor

G

n

M

with an uncertain t y similar to that of recen t exp erimen ts on deuterium. Data

analysis is curren tly in progress.

2.6.1 In tro duction

The precise determination of the neutron magnetic form factor, G

n

M

, has b een the

fo cus of m uc h recen t exp erimen tal activit y . P artly , this has b een driv en b y the

fact that accurate data on G

n

M

are required for exp erimen ts designed to measure

the neutron electric form factor G

n

E

and for parit y violation exp erimen ts that plan

to extract strange n ucleon form factors. Moreo v er, G

n

M

is a fundamen tal quan tit y

in teresting in itself, describing the distribution of magnetism inside the neutron.

Accurate kno wledge of G

n

M

(as w ell as of the other n ucleon form factors) allo ws

sensitiv e tests of n ucleon mo dels.

Most information on G

n

M

has come from unp olarized electron scattering on

deuterium (see e.g. [32]). In the past, the precision of suc h exp erimen ts w as limited

to � 20% at lo w Q

2

due to large subtractions and theoretical mo del uncertain ties.

Recen tly , ho w ev er, measuremen ts of the cross section ratio d ( e; e

0

n ) =d ( e; e

0

p ) [33,

34] ha v e pro vided for the �rst time data with uncertain ties of < 2% for momen tum

transfers Q

2

from 0.1 to 0.8 (GeV/c)

2

[34]. While this precision is excellen t, the

results of these exp erimen ts are not fully consisten t (cf. Fig. 29), and further data

are desirable to clarify the situation.

An alternativ e approac h to a precision measuremen t of G

n

M

is the inclusiv e

reaction

3

~

He ( ~ e ; e

0

) [35]. P olarized

3

He is a go o d candidate for an e�ectiv e neutron

target b ecause its ground-state w a v e function is dominated b y the S -state in whic h

the proton spins cancel and the n uclear spin is carried b y the neutron. The

p olarized part of the e -

3

He cross section is th us exp ected to b e dominated b y the

con tribution from the neutron. Unlik e ( e; e

0

n ) coincidence exp erimen ts, sensitivit y

to the neutron resp onses arises directly from the ph ysics of the target n ucleus.

Compared with deuterium exp erimen ts, this tec hnique emplo ys a di�eren t tar-

get and relies on p olarization degrees of freedom. It is th us sub ject to completely

di�eren t systematics. In quasielastic kinematics, the spin-dep enden t transv erse
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Figure 29: The neutr on magnetic form factor G

n

M

in units of the standar d dip ole

p ar ameterization, �

n

G

D

, in the low Q

2

r e gion, as determine d in r e c ent me asur e-

ments: Markowitz et al. [32] (op en diamonds) using d ( e; e

0

n ) ; Bruins et al. [33]

(squar es) and A nklin et al. [34] (triangle and solid diamonds) using the r atio

d ( e; e

0

n ) =d ( e; e

0

p ) ; and Gao et al. [35] (cir cle) using

3

~

He ( ~ e ; e

0

) . The exp e cte d pr e-

cision of E95-001 is shown as err or b ars marke d by cr osses.

asymmetry A

T

0

[35,36] in

3

~

He ( ~ e; e

0

) is essen tially prop ortional to ( G

n

M

)

2

, and cal-

culations of A

T

0

dep end only w eakly on the details of the

3

He n uclear ground state

and the reaction mec hanism, as has b een sho wn in recen t theoretical w ork [37{40].

Th us, a measuremen t of A

T

0

is suitable to extract G

n

M

.

2.6.2 Exp erimen t

Exp erimen t E95-001 w as carried out in Jan uary and F ebruary 1999. A

T

0

w as

measured for Q

2

-v alues from 0.1 to 0.6 (GeV/c)

2

in steps of 0 : 1 (GeV/c)

2

. A lon-

gitudinally p olarized CW electron b eam of 70% p olarization and 10 � A cw curren t

w as inciden t on a high-pressure

3

He gas target of densit y 2.5 � 10

20

n uclei/cm

3

p o-

larized to � 30% via spin-exc hange optical pumping. The b eam energies w ere

0.78 and 1.73 GeV. Scattered electrons w ere detected with the high resolution

sp ectrometers. The elastic

3

~

He( ~ e ; e ) asymmetry w as con tin uously monitored to

determine the pro duct of b eam and target p olarizations with high accuracy . A

total b eam c harge of appro ximately 22 C w as accum ulated, resulting in a total

data set of 1 : 3 � 10

9

quasielastic ev en ts after bac kground subtraction.

2.6.3 Exp ected Results

A statistical precision in A

T

0

of b etter than 2.5% w as ac hiev ed for eac h Q

2

p oin t

in a � 10 MeV bin around the cen ter of the quasielastic p eak. This precision is
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b etter b y ab out a factor of �v e that that of our previous exp erimen t on

3

He [35]

at Q

2

= 0 : 2 (GeV/c)

2

.

F or the extraction of G

n

M

from the data, w e will use a state-of-the-art three-

b o dy calculation that includes FSI and MEC e�ects. The Bo c h um-Krak o w group

[40] is curren tly carrying out these calculations for our kinematics. The resulting

asymmetry v alues A

T

0

as a function of G

n

M

will b e con v oluted with the exp erimen-

tal acceptances, and G

n

M

will b e determined using a b est �t of A

T

0

( G

n

M

) to the

data in the vicinit y of the quasielastic p eak. Fig. 29 sho ws the exp ected precision

for G

n

M

.

The data also allo w a detailed analysis of the dep endence of A

T

0

on the electron

energy transfer � . The regions a w a y from the quasielastic p eak are exp ected to

b e sensitiv e to details of the reaction mec hanism. Th us, the shap e of A

T

0

( � ) can

b e used to constrain calculations that include FSI and MEC corrections.

The sp ectrometer momen tum acceptance around the elastic p eak w as su�-

cien tly large to include the t w o-b o dy and three-b o dy breakup region. The result-

ing precision data of the

3

He asymmetry in this region should help re�ne few-b o dy

ph ysics calculations of the

3

He n ucleus.

Data analysis is curren tly in progress and results are exp ected in late 1999.

The data will b e the basis of the Ph.D. theses of W. Xu and F. Xiong (b oth MIT).
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2.7 HAPPEX

The Hall A P arit y Exp erimen t

P . Souder, J.M. Finn, Sp ok esp ersons

and

The Hall A Collab oration

The HAPPEX exp erimen t w as divided in to t w o runs. The �rst run w as com-

pleted in 1998 and the results w ere published in 1999. [41] The measured asymme-

try w as consisten t with A

ns

, the v alue predicted in the absence of strange quarks.

The goal of the second run w as to increase the precision of the result b y a factor

of t w o.

During the second run, w e ha v e obtained an additional � 80 C, doubling our

total c harge. Ho w ev er, for this data, the electrons originated from a strained GaAs

crystal and w ere � 70% p olarized. The higher p olarization implies that the new

sample has e�ectiv ely three times the statistics.

Op eration with the strained GaAs crystal pro vided some new c hallenges in

terms of con trolling the systematic errors. First, the crystal has a large analyzing

p o w er for linearly p olarized ligh t, as high as 10%. This causes imp erfections in the

circular p olarization of the laser ligh t to result in large helicit y-correlated in tensit y

di�erences. W e added a rotating half-w a v e plate after the P o c k els cell to con trol

the relativ e orien tations of the relev an t axes. With this mo di�cation, w e w ere able

to con trol this systematic successfully in the same w a y w e did for the bulk GaAs.

A second feature of the 1999 run w as that the accelerator w as sim ultaneously

deliv ering an in tense b eam to a second exp erimen tal hall. This second b eam

tended to ha v e a large correlation b et w een helicit y and in tensit y . Moreo v er, there

w as a correlation b et w een the p osition of the b eam in our hall with the in tensit y

in the second hall. T o solv e the problem, w e mo dulated the in tensit y of the laser

feeding the second hall to n ull the correlation. The end result is that the helicit y

correlations in our b eam, although larger than for our 1998 data, w ere still small

enough so that their con tributions to the ra w asymmetry are small compared to

the statistical error.

W e are presen tly �nalizing the analysis the 1999 data. Preliminary data on

the ra w asymmetries as a function half-w a v e plate setting are giv en in Fig. 30.

The o dd data sets are exp ected to ha v e the opp osite asymmetry as the ev en sets.

The data �ts this pattern with a go o d v alue for the �

2

.

In addition, new data is b ecoming a v ailable on the electromagnetic form factors

that will reduce the uncertain t y in the prediction for A

ns

. W e an ticipate that the

�nal result will ha v e an uncertain t y of ab out half that of the published v alue.
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Averages of Half Wave Plate Data Sets

Figure 30: R aw asymmetries for se quential data sets. Odd numb er e d sets have a

ne gative sign due to the insertion of the half-wave plate.
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2.8 E89-019, E94-102, E99-008

P olarization in Tw o-Bo dy Photo disin tegration of the Deuteron

and

Measuremen t of P olarization Observ ables in the p ( 
 ; p ) �

�

Reaction

and

Measuremen t of the Angular Distribution in the d ( 
 ; p ) n Reaction

R. Gilman, R.J. Holt, and Z.-E. Meziani, Sp ok esp ersons

and

The Hall A Collab oration

The constituen t coun ting rules for high energy photoreactions, photopion pro-

duction from the proton and t w o-b o dy photo disin tegration of the deuteron, app ear

to b e appro ximately v alid. As a test for the underlying reason for the agree-

men t with constituen t coun ting rules, measuremen ts of p olarization observ ables

in deuteron photo disin tegration and pion photopro duction from the proton are

no w in progress.

2.8.1 Status of the Exp erimen t

Three exp erimen ts are running together to optimize the use of b eam time. The

three exp erimen ts [42{44] are E89-019: P olarization in Tw o-Bo dy Photo disin te-

gration of the Deuteron, E99-008: Measuremen t of the Angular Distribution in

the d ( 
 ; p ) n Reaction, and E94-012: Measuremen t of P olarization Observ ables in

the p ( 
 ; p ) �

�

Reaction. The exp erimen t b egan on August 7, 1999 and up un til

August 31, 1999 had receiv ed appro ximately t w o w eeks of useful b eam. The table

b elo w indicates the kinematics that w ere completed up to August 31, 1999.
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Reaction E




(GeV) �

cm

(deg) Quan tities Measured


 p ! �

�

p 1.15 90 p

n

120 p

n


 d ! pn 90 p

n


 p ! �

�

p 0.86 45 p

n

, C

x

, C

z

60 p

n

, C

x

, C

z

75 p

n

, C

x

, C

z

90 p

n

, C

x

, C

z

105 p

n

, C

x

, C

z

120 p

n

, C

x

, C

z


 d ! pn 90 p

n

, C

x

, C

z


 p ! �

�

p 1.67 45 p

n

, C

x

, C

z

60 p

n

, C

x

, C

z

75 p

n

, C

x

, C

z

90 p

n

, C

x

, C

z

105 p

n

, C

x

, C

z

120 p

n

, C

x

, C

z


 d ! pn 90 p

n

, C

x

, C

z


 p ! �

�

p 4.1 75 p

n

, C

x

, C

z

90 p

n

, C

x

, C

z

105 p

n

, C

x

, C

z

120 p

n

, C

x

, C

z

Only induced p olarizations could b e measured at 1.15 GeV b ecause the electron

b eam w as unp olarized. Cross sections can b e extracted for all of the kinematic

settings in the table. Large-angle cross sections (E99-008) for the 
 d ! pn reaction

w ere measured at a photon energy of 1.67 GeV during this time p erio d.
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2.9 E89-028

d( ~ e e

0

~p )n

P .E. Ulmer, J.M. Finn, M.K. Jones, Sp ok esp ersons

and

The Hall A Collab oration

The goal of this exp erimen t is to pro vide a test of the v alidit y of deuteron

mo dels b y pro viding data on the recoil p olarization observ ables in d( ~ e e

0

~p )n. In

addition to enhancing our understanding of the deuteron structure and reaction

mec hanisms in ( e; e

0

p ), the information gained here will b e critical in in terpreting

the G

n

E

exp erimen t of Madey et al. The Madey exp erimen t emplo ys an analogous

reaction, d( ~ e e

0

~ n )p, to extract the ratio of the neutron form factors G

n

E

=G

n

M

,

assuming that the deuteron pro vides a source of essen tially free neutrons. V arious

calculations suggest that p olarization transfer at quasifree kinematics is exp ected

to b e free from the e�ects whic h ha v e frustrated extraction of form factors in

Rosen bluth L=T separations, most notably �nal state in teractions (FSI). Ho w ev er,

the G

E n

measuremen t cannot test the quasifree assumption. Exp erimen t E89-028

can test this assumption b y comparing measuremen ts on h ydrogen and deuterium

targets.

E89-028 ran from August 23 un til August 31, 1999. E89-028 measured the

recoil p olarization observ ables of the

1

H( ~ e e

0

~p ) reaction and the

2

H( ~ e e

0

~p ) reaction

in quasifree kinematics ( i.e. cen tered at zero recoil momen tum) at the three Q

2

p oin ts of the Madey exp erimen t: 0.43, 1.0, and 1.61 (GeV/c)

2

. The ratio of the

transv erse to longitudinal p olarizations w ere measured to a statistical precision

of 3%, 2% and 4.5% for the three Q

2

p oin ts, resp ectiv ely . Since the Madey ex-

p erimen t will need to sample a fairly large range of recoil momen ta (in order to

ac hiev e the required statistical precision), it is also imp ortan t to test the quasifree

assumption a w a y from zero recoil momen tum. Measuremen ts w ere made of the

three p olarization comp onen ts of

2

H( ~ e e

0

~p ) at Q

2

= 1 (GeV/c)

2

and cen tered at

recoil momen tum of 160 MeV/c whic h spans the range of the Madey exp erimen t.

The longitudinal and transv erse comp onen ts of the p olarization w ere measured

to a precision of 5%. A t this recoil momen tum, the measuremen t of the normal

p olarization, whic h is zero in the absence of FSI, will pro vide another constrain t

for this imp ortan t asp ect of the theory .
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2.10 K

+

~

�

0

T est Measuremen t of K

+

~

�

0

Photopro duction at 3.3 GeV

M. Liang, A. Afanasev, K. Bak er, J. Calarco, J.-P . Chen, A. Deur, R. Gilman,

B. Humensky , X. Jiang, M. Jones, G. Kum bartzki, K. McCormic k, S. Malo v,

J. Mitc hell, L. Morand, C. P erdrisat, D. Prout, V. Punjabi, R. Ransome,

D. Rely ea, S. Strauc h, L. T o dor, B. W o jtsekho wski

The �rst p olarization measuremen t of a photoreaction at high � t w as obtained

from a test done in April 1999. Photo- and electro-pro duction p olarizations app ear

to b e di�eren t. The p olarizations extracted from b oth the en tire deca y cone and

half of the �

0

deca y cone are consisten t with eac h other. Cross sections and

p olarizations agree reasonably w ell with the diquark mo del predications.

K

+

�

0

photopro duction is a reaction where the induced p olarization for ener-

gies ab o v e 3 GeV and � t > 1 (GeV/c)

2

can b e studied. Since our exp erimen tal

kno wledge of exclusiv e photoreactions in this regime is extremely limited, w e �rst

prop osed K

+

� !

�

0

photopro duction ab o v e 3 GeV in 1998 [45]. One concern ex-

pressed b y P A C14 w as the use of b eam time to measure the electropro duction

bac kground - the electropro duction rates are calculable, and electro- and photo-

pro duction are exp ected to ha v e the same p olarizations. Also w e w an ted to c hec k

the tec hnique w e prop osed to extract the �

0

p olarization from half of the � deca y

cone.

A test measuremen t w as done with the t w o high resolution sp ectrometers. The

circularly p olarized photon b eam w as pro duced with a 100% dut y cycle, 20 � A,

3.362 GeV electron b eam with 67.4% p olarization hitting a 6% Cu radiator. The

radiator w as placed � 0.73 m upstream of the 15 cm LH

2

target. Both sp ectrome-

ters w ere set for detecting p ositiv ely c harged particles: K

+

from 
 + p ! K

+

+ �

0

in HRSe and p from �

0

! �

�

+ p in HRSh. The test measuremen t w as done at

�

cm

K

= 90

�

, whic h corresp onds to � t = 2 : 41 (GeV/c)

2

.

During the test, w e found more ( �

+

p ) ev en ts than an ticipated. These ev en ts

could not come from t w o-b o dy reaction c hannels suc h as


 + p ! �

0

+ p; �

0

! �

�

+ p

or


 + p ! �

0

+ p; �

0

! �

+

+ �

�

The phase space of these reaction c hannels do es not fully o v erlap the ( K

+

�

0

)

c hannel; rather, it ma y come from


 + p ! !

0

+ p; !

0

! �

�

+ �

+

+ �

0

;

where the three b o dy deca y of !

0

can co v er the phase space of the ( K

+

�

0

) reaction.

Without an aerogel detector in place during the test, singles k aons could not

b e separated from the large �

+

bac kground. Ho w ev er, a coincidence time-of-
igh t

resolution of 1.3ns FWHM made it p ossible to iden tify coincidence ( K

+

p ) ev en ts,

whic h could come either from K

+

+ �

0

or from K

+

+ �

0

. A further cut on
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reconstructed photon energy can distinguish these t w o c hannels. A Mon te-Carlo

sim ulation sho w ed that b y using K

+

+ �

0

kinematics the end p oin t of recon tructed

photon energy for K

+

+ �

0

c hannel is 140 MeV lo w er than K

+

+ �

0

c hannel. A

further cut on missing mass ensures that only K

+

+ �

0

is selected.

As the un tagged bremsstrahlung b eam is accompanied b y electrons, the radia-

tor measuremen t included b oth electro- and photopro duction. W e also measured

electropro duction only without the radiator, to �nd out whether w e can rely on

theory to calculate the electropro duction bac kground. It is assumed that elec-

tropro duction has the same distribution as photopro duction. Ho w ev er, little is

kno wn exp erimen tally , esp ecially in the GeV range.

The c.m. k aon pro duction cross sections, (

d�

d 


)

cm

K

, for radiator in and radiator

out measuremen ts are 3 : 28 � 0 : 11 and 1 : 346 � 0 : 074 (n b/sr), resp ectiv ely . This

results in a K

+

�

0

photopro duction cross section of 1 : 93 � 0 : 13 (n b/sr). The ratio of

the total cross section of radiator in to radiator out is 2 : 44 � 0 : 16, in agreemen t with

the predicted ratio of 2.4. Ho w ev er, the a v erage ratio of eac h setting is 3 : 07 � 0 : 26.

The di�erence b et w een the a v erage ratio and the ratio of total cross section can

only b e explained if the p olarization of electropro duction and photopro duction

is di�eren t. The K

+

�

0

photopro duction cross section scaled b y s

7

is sho wn

in Fig. 31, together with previous measuremen ts at 4 and 6 GeV, and with the

calculation from diquark mo del and Non-F orw ard P arton Distribution (NFPD)

mo del. The PQCD calculation is v ery close to the NFPD calculation. Note that

ev en with only � 1000 coun ts of coincidence K

+

p ev en ts, the uncertain t y of these

data is signi�can tly smaller than of previous measuremen ts.

It is surprising to see that our data at 3.3 GeV scales with 4 and 6 GeV. Carlson

and Chac hkh unash vili [46] observ e that constituen t coun ting rules generally w ork

in photoreactions for photon energies ab o v e 4 GeV and � t > 3 (GeV/c)

2

. Since w e

ha v e only one data p oin t, no de�nite conclusion can b e dra wn at this p oin t. Our

data also seem to fa v or the diquark mo del o v er NFPD, whic h probably indicates

signi�can t soft con tributions in this region, b ey ond the hard scattering calculated

in the NFPD mo del.

The results of our cross section measuremen t mak es the p olarization mea-

suremen t ev en more in teresting. No p olarization has ev er b een measured in this

kinematic regime. The

� !

�

0

deca y is self-analyzing with proton distribution in �

0

rest frame giv en b y

(

d�

d 


)

p

= �

0

(1 + AP cos �) ;

where A = 0 : 642 is the analyzing p o w er, P is the amplitude of �

0

p olarization,

and � is the angle b et w een the out-going proton and �

0

p olarization. There are

three recoil

� !

�

0

comp onen ts[47]. The comp onen t normal to the reaction plane P

n

results from the induced p olarization: P

n

= P , that comp onen t in the direction of
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Figure 31: Cr oss se ction for K

+

pr o duction c omp ar e d to pr evious data and existing

the ories.

the �

0

momen tum P

l

, and the in-plane comp onen t p erp endicular to the direction

of the �

0

momen tum P

t

are b oth spin transfer comp onen ts that dep end on the

photon helicit y: P

l

= hC

z

, P

t

= hC

x

, where h is the photon helicit y , C

z

and C

x

are the longitudinal and transv erse spin transfer, resp ectiv ely .

Our measured p olarization comp onen ts are sho wn in T able 16. The big uncer-

tain ties in the C

x

and P comp onen ts are due to the p o or statistics, whic h a�ected

the determination of the azim uthal angle the most. Nev ertheless, the di�erence in

the p olarization for radiator in and radiator out measuremen ts is apparen t. This

agrees with the observ ation in the cross section ratio of radiator in vs. radiator

out.

The p olarizations extracted with data from the whole deca y cone and from

half of the deca y cone agree within uncertain ties. This will enable us in the future

to measure half of the settings, whic h will reduce the o v erhead time, and at least

double the statistics in eac h setting for the same running p erio d.

If helicit y is conserv ed, w e exp ect P = C

x

= 0 : C

z

v aries from -1. to 1.

dep ending on the mo del. If only P v anishes, it indicates amplitudes are real,

whereas if only C

x

v anishes, it indicates amplitudes are imaginary . No absolute
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T able 16: �

0

p olarization me asur e d for r adiator in and r adiator out runs. R esults

ar e extr acte d for whole and half de c ay c one.

cone Radiator in Radiator out

C

z

-0.719 � 0.126 -0.0075 � 0.216

whole C

x

-0.298 � 0.170 -0.771 � 0.326

P -0.628 � 0.139 0.236 � 0.561

C

z

-0.761 � 0.109 0.0024 � 0.228

half C

x

-0.594 � 0.161 -0.731 � 0.626

P -0.260 � 0.265 0.144 � 0.594

conclusion on P and C

x

can b e dra wn from the data due to the large uncertain ties,

esp ecially in the radiator out measuremen t. Due to the limited statistics, w e did

not attempt to do p olarization extraction for photoreaction only (radiator in -

radiator out). Ho w ev er, the big C

z

for the radiator in and small C

z

for the radiator

out measuremen t indicates that the C

z

for the radiator in measuremen t is mostly

due to the photoreaction. This result agrees w ell with the diquark calculation, as

sho wn in Fig. 32.

Our test measuremen t has pro vided, for the �rst time, the p olarization of a

photoreaction at high � t . Both the cross section and the p olarization prefers

the diquark mo del, indicating the dominance of soft con tributions in this energy

regime. It will b e in teresting to see ho w this situation will c hange at higher

energies.

The di�eren t p olarizations of K

+

�

0

electro- and photopro duction observ ed

b oth in p olarization and cross-section ratio indicate that w e cannot only rely on

the theoretical calculation of the electropro duction bac kground. The agreemen t

b et w een the p olarizations extracted from the whole and half of the �

0

deca y cone

con�rmed the tec hnique w e prop osed in [45] that b y measuring only half of the

deca y cone one could get the same information.
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Figure 32: L ongitudinal �

0

p olarization.

2.11 E99-114

Real Compton Scattering

B. W o jtsekho wski

and

The R CS and Hall A Collab orations

Since the appro v al of the E97-108 prop osal, Real Compton Scattering (R CS)

has made great strides b oth in theoretical dev elopmen t and in the preparation for

the exp erimen t. W e list b elo w a short list of imp ortan t milestones.

� Theoretical links w ere established b et w een R CS, DIS, and elastic electron-

proton scattering in the con text of sk ew ed parton distributions [48].

� A \pro of-of-principle" for our prop osed tec hnique of using a mixed electron-

photon b eam with a bare photon calorimeter and v eto detector w as demon-

strated (July 1998).

� The energy and p osition resolutions of the lead glass calorimeter at R CS

luminosit y and bac kground w as demonstrated and do cumen ted in the R CS

collab oration rep orts of the 1998 and 1999 test runs.
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� The Y erPhI collab orators con tributed 725 lead glass mo dules and PMTs for

construction of the photon arm of the R CS exp erimen t.

� Calculations of the p olarization transfer w ere done in soft o v erlap approac h

[49] and in pQCD approac h [50]. with dramatically di�eren t results.

� P A C16 appro v ed up dated R CS prop osal E99-114 with A- rating and added

b eam time for p olarization transfer measuremen t.

� Most of the D A Q electronics w ere ordered.

� Design of the lead glass-PMT assem bly w as completed and construction

b egun.

� Protot yp e MWPC w as designed and constructed b y UGa and Duk e. T ests

of the MWPC during July/August 1999 run sho w stable op eration and ef-

fectiv eness of the MWPC under t ypical R CS running conditions.

� Protot yp e Lucite v eto detectors w ere built b y UIUC and UNH and tested

July-August 1999 run. Results sho w stable op eration under t ypical R CS

running conditions with excellen t electron rejection. Final design of the

actual detector will b e completed shortly .

� The o v erall la y out of the exp erimen t has b een �nalized and a detailed design

has b egun.

2.11.1 In tro duction

One of the primary motiv ations for E99-114 is to explore links among the pro cesses

of R CS and deep inelastic and elastic electron scattering from the proton. Calcu-

lations [48] using the soft o v erlap approac h pro vide a theoretical framew ork for a

description of all three pro cesses in terms of sk ew ed parton distributions (SPD).

Using a particular mo del for the SPD that is highly constrained b y the kno wn

parton distribution functions (DIS), he successfully accoun t for existing R CS and

form factor data. This suggests that dominance of the purely pQCD mec hanism

requires considerably larger s; t v alues than presen tly accessible at JLab ( � 5 � 10

(GeV/c)

2

). An imp ortan t consequence of the soft o v erlap approac h is the fac-

torization of the R CS cross section in to the Klein-Nishina (KN) cross section for

scattering from a p oin t Dirac particle (the struc k quark) and a form factor R ( t )

whic h con tains all the imp ortan t structure information:

d�

RC S

= d�

K N

� R

2

( t ) (3)

This expression leads to the (appro ximate) s -indep endence of the ratio d� =d�

K N

at �xed t , a prediction whic h is distinctly di�eren t from that of the purely pQCD

mec hanism and whic h can b e tested exp erimen tally (see Fig. 33). R ( t ) is similar to
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but di�eren t from the Dirac form factor F

1

( t ). In particular, in R CS the u � quark

con tribution is greatly enhanced compared to electron scattering b ecause of the

t w o photon v ertices, thereb y suggesting the use of R CS for 
a v or decomp osition of

the proton structure. Moreo v er, Radushkin's mo del for R ( t ) leads to an e�ectiv e

scaling p o w er for d� =dt ( �

cm

) whic h is di�eren t from the asymptotic scaling la w

predicted b y pQCD and whic h can also b e tested exp erimen tally (see Fig. 34).
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Radyushkin's w ork w as extended [51], leading to the result:

d�

RC S

= d�

K N

� ( f

V

R

2

V

( t ) + (1 � f

V

) R

2

A

( t )) (4)

where the additional term con tributes � 10% to the cross section at our kine-

matics. Diehl rev ealed a new formfactor R

A

, accessible in p olarization transfer

exp erimen ts as �rst suggested b y M.Diehl [49].

A

LL

d�

d�

K N

= f

P

R

V

( t ) R

A

( t ) (5)

Numerical results sho w that at large s and t A

LL

( �

cm

) lo oks qualtitativ ely similar

to the KN result and v ery unlik e that of the pQCD prediction, where ev en the

sign is di�eren t (see Fig. 35). One goal of E97-114 is to test this prediction.

The proton structure is con tained in the form factors, R

V

and R

A

, whic h

ha v e a simple ph ysical in terpretation. The com bination j R

V

( t ) + R

A

( t ) j

2

is the

probabilit y that a photon can scatter elastically from the proton b y transferring

t to a single activ e quark whose helicit y is orien ted in the direction of the proton

helicit y . Similarly j R

V

( t ) � R

A

( t ) j

2

is the probabilit y that the activ e quark has

helicit y opp osite to that of the proton.
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2.11.2 Pro of of Mixed Beam Applicabilit y

A crucial p oin t of E97-114 is the high luminosit y , ab out 300 times the luminosit y

of previous R CS measuremen t at Cornell. T est run data demonstrated a clean

iden ti�cation of Compton scattering. An exp erimen tal c hec k of radiation damage

of the lead glass used in the photon calorimeter under R CS radiation conditions

sho ws a factor � 10 in the radiation budget b efore ligh t transmission in the glass

will degrade.

Fig. 36 sho ws the coun ting rate of the calorimeter at di�eren t threshold lev els

for one of R CS kinematics measured during the August run. A t prop osed threshold

of 1 GeV the rate of the full scale Photon Arm is exp ected to b e � 50 kHz.

The test run results are sho wn in Fig. 37 and Fig. 38. The data sho wn include

endp oin t runs without radiator and o�-endp oin t runs with the radiator. F or all

runs, the b eam energy w as 3.317 GeV and the calorimeter angle w as at 35 : 0

o

.

The analysis of these data relies on the di�erence �

in




� �

in

p

= � � (the di�erence

of the in-plane angle from calorimeter measuremen t and ep kinematic prediction)

and �

out




� �

out

p

= � � (out-of-plane angle di�erence).

In Figs. 37 and 38, v arious cuts w ere applied to � � for endp oin t and o�-

endp oin t data, resp ectiv ely .

Considering �rst the o�-endp oin t case, Fig. 38, the upp er-left plot sho ws all

coincidence ev en ts. The p eak at the cen ter is primarily due to ep scattering and

secondarily to R CS, whereas the con tin uum is due to �

0

deca y photons. F or the

middle-left plot, a cut is made requiring that the in-plane angle � b e close to that

exp ected for t w o-b o dy kinematics � 0 : 01 < � � < 0 : 01; this clearly enhances the
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Figure 37: Pr oje ctions of the � � versus

� � plot onto the � � axis for the end-

p oint runs. The cuts for the di�er ent

p anels ar e discusse d in the text.

Figure 38: Pr oje ctions of the � � versus

� � plot onto the � � axis for the o�-

endp oint runs. The cuts for the di�er ent

p anels ar e discusse d in the text.

cen tral p eak. The lo w er-left plot in addition requires a signal in the v eto detector,

therefore pic king out the ep ev en ts.

The righ t plots select on the ev en ts that do not pass the v eto cut; this should

giv e only photons if the v eto detector is 100% e�cien t. In realit y there are still

electrons presen t whic h w e m ust tak e in to accoun t later. An an ti-cut on � � (called

p eripheral theta) is sho wn in the middle-righ t and preferen tially pic ks out the �

0

deca y photons, whereas a theta -cen tral cut (lo w er-righ t, � 0 : 01 < � � < 0 : 01)

selectiv ely enhances the R CS ev en ts, with some con tin uum mixed in.

Roughly , the ev en ts ab o v e the horizon tal line in the lo w er-righ t plot represen t

R CS ev en ts plus the con tamination of ep due to the ine�ciency of the v eto detec-

tor. T o estimate the con tamination, w e lo ok at the endp oin t data, Fig. 37. The

lo w er-left are the ev en ts that passes the v eto and cen tral theta cut, and therefore

should b e all electrons. The lo w er-righ t are the ev en ts that pass the cen tral � cut

but failed the v eto cut. These are the electrons that v eto detector failed to detect.

The n um b er of ev en ts of v eto-not-detected to v eto-detected is 183/2407 = 0.076.

The v eto e�ciency is therefore 2407/(2407+183) = 93%. The dead time of the

fron t end electronics is a ma jor con tributor to e�ciency loss.

No w refer to Fig. 38, the lo w er-left plot. There are 291 ev en ts. Due to the

v eto-ine�ciency , there will b e appro ximately 291*0.076=22 electrons app earing

on the lo w er-righ t plot. The n um b er of ev en ts ab o v e the solid horizon tal line is

49. 22 out of 49 are electrons, therefore the remaining 27 are the R CS. F rom the

Cornell R CS cross section data w e roughly estimate ab out 35 ev en ts (see the R CS

prop osal, page 33, T able 2), whic h is reasonable.
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Figure 39: Schematic view of the R CS Photon A rm dete ctors.

The de
ection magnet ( see Fig. 39 ) will pro vide an additional to ol to eliminate

ep ev en ts - they will b e shifted in � � correlation b y 20 mrad.

2.11.3 La y out of the Exp erimen t

The main part of D A Q electronics will b e lo cated on the service platform of the

high momen tum HRSe where the hadron detector pac k age will b e mo v ed in late

summer 2000. The photon calorimeter with the v eto detectors will b e moun ted

on the detector platform. The small w eigh t of the (unshielded) detector platform

allo ws the o v erhead crane to b e used for rep ositioning for eac h kinematic p oin t.

A three-dimensional presen tation of the la y out is sho wn in Fig. 39.

The calorimeter consists of 32 la y ers, eac h ha ving 22 lead glass mo dules. Eac h

calorimeter mo dule is a 40 � 40 � 400 mm lead glass blo c k of t yp e TF{1. Ligh t is

detected b y a 34-mm diameter PMT of t yp e FEU-84-3. Eac h mo dule is wrapp ed

with one la y er of an aluminized m ylar and one la y er of blac k tedlar. BC-630 optic

grease is used for optical coupling b et w een lead glass and PMT. Eac h PMT has
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a magnetic shield. The fron t face of eac h mo dule is op en to pro vide for optical

calibration and UV curing. A titanium 
ange glued to the lead glass is used for

coupling the PMT housing to the lead glass blo c k. The housing has a spring

whic h pro vides a p ermanen t load of 8 lbs along axis of the PMT. The results of

calorimeter test are sho wn in Fig. 40 (see 1999 R CS in ternal rep ort).

A standard con�guration of the proton sp ectrometer with FPP will b e used.

The recen tly constructed S0 coun ter will b e used to generate a fast proton signal

for the coincidence logic in the photon arm D A Q. The angular resolution in the

proton momen tum reconstruction and accuracy of the v ertex reconstruction in the

target are v ery imp ortan t parameters for inden ti�cation of Compton ev en ts. A t

large proton momen tum, scattering in the target and HRS windo ws con tribute

only ab out 0.5 mrad. Moreo v er, the photon arm angular resolution will b e b etter

than 1 mrad. Therefore the o v erall angular resolution will b e dominated b y the

in trisic optics of the HRS. Since the largest proton momen tum is the maxim um

of the HRS dip ole ( � 4 : 5 GeV/c), optimization and calibration of the optics will

need sp ecial atten tion in the near future.

The extension of R CS for higher b eam energy w as presen ted at the \CEBAF

at 12 GeV" w orkshop and the \Exclusiv e Reactions" w orkshop [52].
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Figure 40: Some r esults of shower p ar ameters r e c onstruction, obtaine d by using c alorime-

ter pr ototyp e 5 � 5 during test runs: a) { Normalize d ener gy distribution, giving the en-

er gy r esolution � = 4 : 6% for 2 : 3 GeV ele ctr on. b) { Sp atial r esolution, obtaine d fr om the

MWPC tr ack and r e c onstructe d shower cluster c enter, is � = 4 : 3 mm for 2 GeV ele ctr on.

c) { Ener gy dep osition in adjac ent mo dules, when 2 GeV ele ctr on hits the c enter of cluster.

Portions of ener gy dep osition in e ach mo dule ar e given in p er c ents.
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