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Transversity Experiment in Hall A
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n'(e, e’n*"-) Reaction on a Transversely Polarized 3He Target.
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Experiment Observables
and Kinematics
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- Experiment Setup

Polarized 3He Target, 10

e atm pressure. With 10 uA
» | beam:
i BigBite L(n) =103° cm™=s?
HRS;, i 30 o Electron Beam: 5.9 GeV
| '@ HRSL at 16 degrees as
T i ,(/, hadron arm.
Polarized \2/ € P=-s4GeV/c
He larget | BigBite at 30 degrees as
eT electron arm.
AQ) = 64 msr
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Kinematics Coverage

E (Gev)

Q* ( GeV/c)?

/

0 0.05 0.1 0.15 0.2 025 03 035 04 045 05
X X

o 005 01 015 02 025 03 035 04 045 05

® X :0.13 ~ 0.405, Valance Quark Region
* Q2:1.3~31(GeV/c)2
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*Coal

0.3 - 0.3
Neutron =~ AS-T; Neutron " AS:
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v 0.1 e — 01 ® o
Determine Sivers and
» 0 [ S . w L] [ )
Collins asymmetries
=0.1 e Vogelsang and Yuan =01 - ——- Vogelsang and Yuan O
parameterization parame terization
PQCD Model: Ma, Schmidt and Yang PQCD Model: Ma, Schmidt and Yang tO 5 /O leVEI [ ]
-0.2 - = Favored Collins F.F. only —0.2 - - - Favored Collins F.F. only
—— Favored and unfavored F.F. —— Favored and unfavored F.F. -
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0.4 - $ JLab E06-010 04 - -
“ s o Extract Prezelosity.
é 0.2 g 0.2 -
s 3 .
i fe o Double spin
%—o.z B s s
asymmetry: giT.
7771 Prokudin et al. 2008
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3He Polarized Target
Performance
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Hall A Polarized *He Target

/

P=40-45 % _
@I=12p A Q Z Diode Laser
f |Z Diode Laser

f /1 Diode Laser

3x30W @795nm fF fhoto—Diode for EPR

Pickup Coils
l Cell: L=40cm
. windows: ~100um

|

!
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Optical Pumping System

High Luminosity:

L =103° cm™s™ (world

record)

K-Rb Hybrid Cell

High polarization:

P ~ 45% with 12 uA
beam and 100 W diode
laser array

Short Pumping Up
Time: 2-6 hours

k3
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E/[Dimensional Pumping

3 pairs of Helmholtz Coils.

3 sets of optics for 3 pumping
direction:

e Transverse, Vertical and
Longitudinal

i g
R
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NMR Polarimetry

2 pairs of RF Coils

3 pairs of Pickup Coils
around Pumping
Chamber to give online
Polarization
Measurement

2 pairs of Target
Chamber Pickup coils

. 1 : . for Water Calibration
Longytddinal s, | { Can measure 3He
RF Ceill " L 1 polarization in all 3

Tdrget Chamber Pickup Coils pumping directions!
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NMR Field/Frequ

e o A

—_—

/

ency Sweep

Typical NMR Measurements from two types of sweeps:

UpStream Lock-in Y @ o |

Amplitude {mV)

I
28 29
Holding Field (Gaus)

Sweep UP

Sweep Down

1 1
30 31
Sweep UP

DI'IStream LOCk'in Y EH ﬂ | Sweep Down

Amplitude {mV)

I 1 1
27 28 29
Holding Field (Gaus)

30

|
32

NMR He Frequency Sweep Display

Lock-in Amplitude

Amplitude (mV)

X Channel
¥ Channel

+Hidwl |

RF Frequency {(kHz)
RTD Temperature
Target Position N
9.37 0 137.7344 |56.5043 |154.102 |77.0605 |40.8984 |243.223 |257.285
) ) error out

Start Time  Stop Time Sweep#  Status

3:52:03.835PM 35207, 179PM \ satus  code

en 220 n Data File
12/2/2008 12/2/2008 26902« G S o
Written

File Path Spin State  Succesfully! s

Settings
_ Theta (degree)
Field (G) a
R Phi {degree)
269.934
Low Frequency (kHz)
e Sweep Style
High Frequency (kHz) ~ Low toHigh < {
5

Sweep Time (g)

RF Power {Vrms)

2

J15

Sensitivity
300 m¥rms <— {

Sample Rate
64Hz |

Time Constant

10 ms V]

Lock-InGPIB  RF GPIB

e

Phase (degree) Background Sub

-76.23 -

Peak (kHz)
Auto Offset T e
|

X Offset (%) Window (kHz)
110,34 14
Y Offset (36) Fit Order
1-12.74 |2

Both measurements have precision better than 1%
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"Water Calibration in Hall

selected Sweeps | otal Sweeps

10 Sweeps e ST

Sweep LUP

DI'IStream LoCk'i“ Y j’jﬂ | Sweep Down

Amplitude

Amplitude {mi)

Selected Sweeps Total Sweeps
2545 2545

I 1 I
21 22 23
Holding Field {Gaus)
Sweep P

upstream LoCk'i“ Y iﬂ ﬂ | Sweep Down

Amplitude {mi

Holding Field {Gaus)

Uncertainty well below 1% after 2500 sweeps (~ 20 h)

&
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VAT

/EP/RPoIarimetry

EPR Coil is located inside oven.
EPR D2 light is collected through a 8oo um fiber.
One D2 light filter is placed before the photo-diode.

Diode output is about 20~100 mV.

'trofl Program N

¥ fit
X/ ¥ Channel Plot ¥ fit

EPR FM
Line Shape directly
gives appropriate

gain for PI box
k3
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Singal Strength (uV)

19.8 19.85 19.9
eeeeeeee (MHZ)
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EﬁCaIibration

Setting Profile List s tt' LTrans{:;e(r Tu)be Volume th e FelCh
engih (cm, pumping chamber Fie oice
@ Lastsesson NI [P etings % |

2180750 | <

BAstral 58
@ gg‘USREEM Max. Half AFP Transfer Tube  Volume of Temperature of
- Flip Time (in Points) Area (cm*2) fransfer fube pumping chamber (C)
e — Load.Seftinac RNy do.osa | ats0 | d250.627 |
Volume of Temperature of
Alkali Shpecies density target chamber target chamber (C)
ExIT . | Mew Profie |35k, Potassim dr230 | Zss.0s0 | 75352 | Statistic recis .
Statu s R_;_pc-rt §ﬁaperc:|t_a_d_a_|g C_: -pc-;leewwts and Settings\user\Local Settings{Temp), Calculation Counter |12 NMR DataSet Count |4 I

HeartBeat * _J o
Data Source |5td EPR Data Folder :C:\HappyValentine\EPR \Data\EPR_AFP_20081202_0833 AFP in EPR Recognized |+ b ette r t ]an O %
Calculation Results  Average Frequency Shift (kHz) Field(G)  Ave. Pol. % Pol./NMR (%/mV) o e 5 2
EPR Frequency VS Time 101.12 Uncertainty =10.34 25.0621 58.68 2.91569

19770 -

One Calibration
can be done within

5 minutes

19670 |
000 | | besseedteetwd | | | bobeesidennea] [ [ [ in C lu di n FM
o ___|_ | | | | | | | | | g

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 a0

85
Time ) B o

NMR VS Time (EPR-Matched Data Only) Swe ep
L ]

NMR. Signal (mV)

| i i i i i i i |
20 50 55 60 B85 70 75 80 85
Automated EPR Analvsis by Jin Huana <iinhuana @ilab.oraz Time (5) [
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Automatic Spin Flip

Holding Field remains constant.

Use RF frequency sweep to do AFP spin flip every 20
minutes. NMR data is taken at the same time (free
polarization measurement).

QQ-wave plates are rotated remotely to change the
polarization of circular polarized pumping laser at the
mean time.

Sign of the lock-in X channel signal from pumping
chamber pickup coils is used to tell/verify the 3He spin
direction.
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ﬁbility of Automatic Spin Flip

Controlled by LabView programs on a Windows XP
Machine.

No Spin flip failure so far.
No NMR measurement failure so far.

The only crash happened during the waiting time due
to the memory leakage of LabView.

Longest auto flip sequence has more than 400 flips.

k3
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ﬁ)rmance with FAP Laser

Used 4/5 FAP lasers, 100W total power, during early
stage of the experiment.

Oven Temperature: 230 °C

Max Polarization ~ 50%

- <€

(8))
o

Ao/
#JJWWE%MW%' < Stabilized with auto spin
flip and 8 pA Beam ~ 46%

Online Polarization (%)
N
4

Transverse Pumping

w HN
o o
— T
_|_\___=xi

| |
11/09 1111

k3
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ﬁ/l ET Lasers

Narrow Band COMET Lasers were proved to be more
efficient for optical pumping in UVa and Duke.

Higher Polarization is expected.

Three COMET lasers in JLab now: W&M, Rutgers U
and JLab.

Rb Dl absorption -

FAP: FWHM ~ 2.5 nm COMET: FWHM~ 0.3 nNim

Narrower than D1 absorption! E‘@
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ﬁr of COMET Lasers

* Max Polarization with 3 COMET (75W) ~ 73%.
e Stabilized at 62~66% w/ 12uA beam and auto spin flip.

He3 Target Folarization History
75 T T

T T
Cnrrectinn_} Max Polarization -> ~ 3%
Coil OFF
?D e L Y —]
2% COMET Laser + 1% FAP Laszer

o7 N R N .. | ..... l ..... MW ...... _
=
F B0 N —_
= /"’ *
" Masing Effect
E 55 e L [ —
o Transverse
o L —
» Fumping
E ED ........................................................................................................................................................................... —]
]

Cell: Astral Cell:|Maureen 1
45 ............ # ............................................................................................................................................................. —]
“ertical - “ertical | Transverse
Fumping Pumping | Purmping
4D ............................................................................................................................................................................... —]
3% COMET Laser—m- Cell Change
| | |
1116 1523 1130

Date
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BigBite Electron Package
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~ Multi-Wire Drift Chamber

* High efficiency ~ 98 %

® Clear Sieve Pattern:

o
= —
T T T T

Vertical Position

&
— T T

U

i | ‘ I | I Ll 11 ‘ L1 1 | I L1 ) L. : .| | | I
0 0B 0 B o1 0B 02
Horizontal Position
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Pre-Shower/Shower

Good Electron/Pion Separation.

Shower vs Preshower Energy
I

.geffé?son Lab

Preshower energy (channel)
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Preshower energy (channel)
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Left HRS: Hadron Arm
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~_ Pion-Rejector, W

Scintillator

Clean separation of

Pion Rejector

5001

pion/electron after 800
combined cut of pion s} —E,P
rej ector and Gas 1400 E_ —— Gas Cerenkov asum_c < 100
1200 —— Gas Cerenkov asum_c > 300
Chrenkov detectors. . F
Good Time Resolution #o°f
600
of s2m: ~ 600 ps :
400 :—
600? 200#
4

=]

400
3001

200(-

Can be better !

100

gltaale v Ly (NI IR [
%4 56 58 60 62 64 66 68 70
S2m Corrected Time (ns)
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~ RICH Detector

* (learly identified Cherenkov rings from both pions and kaons (photon

number ~ 10).

| Pion vs Kaon angles | | Rings Pi Single |
I 001
10%F £ _
F >
10%F I
i OF
10k
1t -500r .
0.60 0.65 0.70 0.75 -500 0 500
Cherenkov angles (rad) y (mm)

* More off-line work needs to be done for a better K/r separation.
Expecting factor of 2 improvement in angle resolution.
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Experiment Status
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Commissioning Stage: Oct.22-Nov.6

1 pass beam: 1.2 GeV
e Optics Data BigBite.

e Electron elastic scattering from polarized 3He target.

e Delta production from Polarized 3He target.
e Reference cell test
2 pass beam: 2.4 GeV
e Optics Data for both HRS and BigBite.
e Delta production from Polarized 3He target.
e Reference cell test with 1.2 and 2.4 GeV beam.
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Production Stage: Nov.7 - now

5 pass beam: 5.9 GeV.

For each setting, expecting 7C throughout the
experiment.

Nov 7 - Nov 17:
e - Production with Transverse Pumping 1.2C
Nov 18 — Nov 238:
e - Production with Vertical Pumping 4.7C
e Changed cell on Nov 25
Nov 28 - Dec 5:

e 1 Production with Transverse Pumping goal: 4.5C

k3
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Future Plan

Change HRS polarity to positive.

Take n* production with Vertical/Transverse pumping
still Christmas shut down, Dec 21.

Water calibration during Christmas break.
Holding Field Measurement .

Install a new 3He cell.

Survey the target ladder after new cell installation.

Continue production till the end.
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~ Asymmetry in He elastic Scattering

$05r §02¢
W [ W T
E | E L
E04- g8.01-
== ==
[ r [ C
€ | a [
0.03- 0
0.02 ’}—— 3 % 1 -0.01 *} I %
L - L T T
- R o {‘ t
0.01 {‘ -0.02[
o 0.03
0.01- 0.04
_ouz:lI|IIII|IIIIIIIIIIIIIIIIIIIlIIIIlII _ous:llIIIIIIIIIIIIIIIIIIIIIIIIIIII
"U£72746 2747 2748 2749 2750 2751 2752 972769 2770 2771 2772 2713 2774
run # run #

Longitudinal Polarized 3He Target.
Changed '2-A plate in the middle.
Data is still under analysis.
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~ Target Cell

Pumping Chamber
\
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Coil Setup

Coil Orientation
(Top View)

Helmholtz Coil

Pickup Coil
Vertical

Longitudinal

NMR RF Coil
Longitudinal

Pickup Coil
Vertical

Pickup Coil

N ransverse
Y

NMR RF Coil
Vertical P

Electron Beam

Pickup Coil

X(Transverse) Downstream

Pickup Coil
Upstream

Helmbholtz Coil

Helmholtz Coil

Y(Vertical)  Z(Longitudinal)
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A 1n E0O6-010 Transversity

e Error is
estimated to be

~y
~y

s

* So, Expected
Error is about

3% to 5% for

X=0.14 t0 0.40

Joeff;20n Lab

i
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FIG. 4 (color onling).  Predicied dependence HI'.-!:-”;” VMot =4) oy x, yoand z for 7+, 7%, and &~ production at JLab for SIDIS on

transversely polarized proton isolid linep. dewteron (dashed line). and neutron (dot-dashed line) targets.

7 R

10/9/2008 Transversity in JLab Hall A Spin 2008 Conference  Yi Qiang <yqiang@jlab.org>



“E06-010 Collaboration

Institutions

California State Univ., Duke Univ., Florida International. Univ., Univ. Illinois, JLab, Univ. Kentucky,
LANL, Univ. Maryland, Univ. Massachusetts, MIT, Old Dominion Univ., Rutgers Univ., Temple Univ.,
Penn State Univ., Univ. Virginia, College of William & Mary, Univ. Sciences & Tech, China Inst. Of
Atomic Energy, Beijing Univ., Seoul National Univ., Univ. Glasgow, INFN Roma and Univ. Bari, Univ.
of Ljubljana, St. Mary’s Univ., Tel Aviv Univ.

Collaboration members

A.Afanasev, K. Allada, J. Annand, T. Averett, F. Benmokhtar, W. Bertozzi, F. Butaru, G. Cates, C.
Chang, J.-P. Chen (Co-SP), W. Chen, S. Choi, C. Chudakov, E. Cisbani(Co-SP), E. Cusanno, R. De
Leo, A. Deur, C. Dutta, D. Dutta, R. Feuerbach, S. Frullani, L. Gamberg, H. Gao(Co-SP), F. Garibaldi,
S. Gilad, R. Gilman, C. Glashausser, J. Gomez, M. Grosse-Perdekamp, D. Higinbotham, T. Holmstrom,
D. Howell, J. Huang, M. Iodice, D. Ireland, J. Jansen, C. de Jager, X. Jiang (Co-SP), Y. Jiang, M. Jones,
R. Kaiser, A. Kalyan, A. Kelleher, ]. Kellie, J. Kelly, A. Kolarkar, W. Korsch, K. Kramer, E. Kuchina, G.
Kumbartzki, L. Lagamba, J. LeRose, R. Lindgren, K. Livingston, N. Liyanage, H. Lu, B. Ma, M.
Magliozzi, N. Makins, P. Markowitz, Y. Mao, S. Marrone, W. Melnitchouk, Z.-E. Meziani, R. Michaels,
P. Monaghan, S. Nanda, E. Nappi, A. Nathan, V. Nelyubin, B. Norum, K. Paschke, J. C. Peng(Co-SP),
E. Piasetzky, M. Potokar, D. Protopopescu, X. Qian, Y. Qiang, B. Reitz, R. Ransome, G. Rosner, A.
Saha, A. Sarty, B. Sawatzky, E. Schulte, S. Sirca, K. Slifer, P. Solvignon, V. Sulkosky, P. Ulmer, G.
Urciuoli, K. Wang, Y. Wang, D. Watts, L. Weinstein, B. Wojtsekhowski, H. Yao, H. Ye, Q. Ye, Y. Ye, J.
Yuan, X. Zhan, Y. Zhang, X. Zheng, S. Zhou.

)i

.!effe?son Lab 12/4/2008 E06-010 Transveristy from Hall A  YiQiang <ygiang@jlab.org> 38 DS



