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DVCS Experiment (Data taking from October to December 2010)

DVCS Process .

Polarized e
beam

DVCS Setup .

Scattered

Recoill proton p'

LH2/LD2 electron

reconstructed by Mx2

Handbag Diagram

E07-007 : (LH2 target — Proton data)
Alejandro Marti (all the kinematics)

E08-025 : (LH2/LD2 targets — Neutron data)
Meriem Ben All, Camille Desnault (Kin2 only)

1T° electroproduction,
G4 simulation :

Maxime Defurne

G4 simulation :
Rafayel Paremuzyan ’ v 7

Y |
/\/ High
Cinal Resolution
hoton Spectrometer
Y
Calorimeter PbF2
(Cerenkov)
Kin 1 Kin 2 KIn3
Q% (GeV? 1.5 1.75 2.0
X, 0.36 0.36 0.36
E _(Gev?) 3.36 5.55 4.45 5.55 4.45 5.55
2 Beam , ,
energies fora 0,=|BH] K DVCS| +k',, Re(l)
Rosenbth 5 —|gHP+k, [DVCSP+k', Re(l)
separation (Eb2) (Eb2)




Maxime Defurne,

Data analysis Hall A Collaboration Meeting
Friday 14 June 2013

Beam line
- Polarimetry (Compton + Moller) data (FINISHED), E. Fuchey
- Beam charge monitors (BCM) calibration (FINISHED), J. Roche

HRS

- Optics and mispointing checks (FINISHED), P. Bertin

- Drift chambers time offsets (FINISHED), C. Munoz

- Trigger/ detectors efficiency (FINISHED), M. Defurne, C. Hyde, M. Mazouz
- Normalization : DIS cross section ( ), M. Defurne

Calorimeter
- Calibrations (FINISHED), A. Marti, C. Desnault, M. Ben Al
- Waveform analysis of PMT pulses (FINISHED), A. Mart

- Timing corrections (FINISHED), M. Mazouz

MC simulation
- GEANT4 written from scratch based on previous GEANT3 and their comparison,
(FINISHED) R. Paremuzyan, M. Defurne

Physics analysis ( )
- DVCS off proton, A. Marti
- DVCS off neutron, C. Desnault , M. Ben Ali

- O electroproduction cross section, M. Defurne



Hall A Collaboration Meeting
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Calorimeter
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Physics analysis
- DVCS off proton ( ), A. Mart
- DVCS off neutron ( ), C. Desnault , M. Ben Al

- IO electroproduction cross section ( ), M. Defurne



HRS Acceptance and Rfunction

HRS acceptance .

— Collimator at the entrance of the HRS was mis-located (/eft figure).

- Rfunction Is calculated from the HRS variables (vertical angle 0, horizontal angle o,
difference in momentum dp/p, vertex) to determine Its acceptance.

- Rfunction is not totally accurate (rignt figure).

Black dots : data / Red dots : MC simulation

Defurne M.
X,y position in collimator entrance ‘
- \ delta p according to ¥ position in collimator plane \
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- We will apply a geometrical cut in the XY - We will apply a cut In dp/p and Y direction

plane of the collimator of the HRS vertical plane




DIS cross section results and cuts check

DIS cross-section :

Kinematic with collimator Kinematic without collimator
‘ kin1high on H2 for different Rfunction cuts ‘ kKin3dlow on H2 for different Rfunction cuts
_ <10 _ w10
E 52.9 — ';:1?5
S S l t + }
552.5 — E 6.7 {- {,
327 [ 6.65 ] '} '} {' {'
52.6 f— ‘ {' ‘} !
= 6.6
52.5 — '{ T -
N ) _l " [ r T
52.4 [— 533 1} I
E_ 6.5 }
52.3 |
52.2 f— ] 6.45 }
uﬁm u:.nlu 0.014 0.016 0.018 u,.:u' 0.004 0.006 0.008 ©0.01 0.012 0.014 0.016 0.018 0.02
Hiunction cut Riunction cul
Defurne M.

Rfunction + dp/p:Y

Rfunction + XY + dp/p:Y

Rfunction + XY + dp/p:Y

— Variation of the DIS cross section with — Better stabilization of the DIS cross section
the Rfunction lower than 1%. with all the cuts.



DIS cross section results and normalization check

Check of the normalization and its stabilit

- With a comparison between our experimental DIS cross section and a theoretical DIS cross

section using a parametrization (*) , we can check :

1) The

of our normalization
2) The stability in time of our normalization on a whole kinematic.

(*) Ingo Schienbein, Voica A. Radescu, G.P. Zeller, M. Eric Christy, C.E. Keppel, et al. A

In time by the DIS cross section results :

Review of Target Mass Corrections. J.Phys., (G35:053101, 2008.
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i r T AT .
Kinematics dg;;;_r d;fﬂfg Relative difference (%) | Stability (%)
Kinllow ‘) 0.26 4+ 2.5 1.6
Kinlhigh 5.2 3.5 -3.4 1.3
Kin2low 13.14 13.14 () 2
KinZ2high 28.93 27.9 -3.4 1.3
Kindlow 6.6 6.9 4.5 |
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Contamination subtraction to the DVCS (ep - e'p'y)

Raw data = DVCS Contamination

Raw data

1-cluster events 2-clusters events
(DVCS + 11°) (TT° data)

°(ep— e'p'm® — e'p'yy):

Pion center—of—=mass Laboratory frame 7T° random
2-clusters events decays
Symmetric Projection of the
o decay photons on the
Direction of the boost calorimeter surface

Direction of the boost 1_CIUSter evenFS 1
‘5.\)9 > - f{’“‘“ﬂ”‘“ NO : O cluster
dec eCay N1 : 1 cluster

N2 : 2 clusters
Contamination when only 1 of the l
two photons from the t° decay Is 1-cluster events

detected by the calorimeter (DVCS + 11°) — N1:1 cluster




Test of exclusive 1t° subtraction method with G4 simulation

— We check the validity of the 11° subtraction - We check the validity of the 11° subtraction
method without any border effects by a G4 method by a ratio Nsubtracted/Nsimulated on
simulation. the whole calorimeter surface.

oS 1654 1048

Spatial efficiency of the =° subtraction

) T g 132

ﬂuu - o O a5 = = ‘ 1‘2
| MO = 29245, 2 - oy == S o
250 - s 1
' e
| Gd tot = 2924 7.0 —— "8
200 TE e Y
m TR
T
150 -E :-l:._-! _
e B
100 - :—._ - i 0.4
| o gl
50 " e 0.2
. .aR= =
- et i
00 - 5 10 J
0.5 1 X (em)
Paremuzyan R. Defurne M.

— There Is a significant match in the central region of the calorimeter between the simulation
and the 11° subtraction method (left figure) but not In the edges of the calorimeter (right figure).

We heed to applyv a cut on the edges of the calorimeter




Contamination subtraction : Example with the neutron data

We subtract the contamination from the

— ! O
Raw data = DVCS + Accidentals + Tt raw data to get only the DVCS events

graphmm2kin2highLD2 graphmm2kin2highLH2

342000 - ‘ ‘ ::_::gﬁ 30000 or DVCS

o gr_Pi0 = gr_ACC

= L gr_Pi0

@ DVES-ACE-PI0 > DVCS-ACC-Pi0
25000 ' = 5

P 25000

2 =
10000 10000

5000 5000

0 i ? i i i i i i 0
| | | | 1 | | [ :I [ [ [ k | | | 1 | L1 k | | | 1 | | | 1 L1 | k | | |
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
mm? (GeV?) mm? (GeV?)

Ben All M.




LD2/LH2 Targets data subtraction to get neutron data

DVCS neutron = DVCS LD2-target (p+n) - DVCS LH2-target (p)

- Normalization required for the targets subtraction by the charge of each run
- Addition the fermi motion to the LH2's proton initially at rest

diff (LD2-LH2) Kin2low diff_(LD2-LH2)_Kin2Zhigh

o . D(e,e’y)X_(dvcs-acc-Pi0)
: : : = ’ H(e,e’ﬂx_(dv CsS-acC E-Piﬂ}
D(e.e’y)X-H(e,e'y)X

D(e.e’y)X (dvcs-acc-Pi0)
H(e,e’y)X (dvcs-acc-pi0) =
D(e,e’y)X-H(e,e'y)X E

é é é | Q

R R R s s P o R
&Eﬁ*&m‘ﬁfﬁ%ﬁdﬂ‘*&.&ﬁ‘ﬁ

:IIliII|_i_|_|_|i|||il|_|:tlllillli|_|lilll E|||1E|||E||||EF|||1E||_|EF|||1E|||1E|_||Et|||
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0.2 0.4 0.6 0.8 1 12 1.4 1.6 1.8 2

Mx? = 1.15 GeV? e (GeV) Mx? = 1.15 GeV? mm* (GeV?
Ben Al M.




Comparison of 2 parallel analysis for the contamination subtraction :

Example with the neutron data

LD2 Target : M. Ben Ali results (blue) / My results (red)

Haw data (kin2_High_LD2)

B0 Diference pourcentage | 0. 761 265

140010 Mlaes results | ey = 3722 55 D00
Tan0 My resulls /nev = 369441 000000 rya
1 0K e
B000
&0
0.8%
4000 e
2000
I i J.4 1 1 1.2
M2 firt G 2)
Pi0 data (with accidentals 2-d subtraction) (kin2_High_LD2]
B000
Differance pourceniane: © 4.800427 o
00
Makck rosulls | nov = G1558 TE2146
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2000
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400K

30
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1000
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1 1 1.%
e gn el 2]
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Dffcr e pourcenbage: - -2 115500

Mok reS i i mey = 1 S0e0e S0EEN0
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1 1 1.%
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Comparison of 2 parallel analysis for the contamination subtraction :

Example with the neutron data

LH2 Target (with fermi motion) : M. Ben Ali results (blue) / My results (red)

Haw data (kin2_High_LHZ2)

140011
[hSamance pawcarags ;0.2 /0847
120010
M Ak resulss | ney = 280616 000000
100010
My msuls | nay = 285837 000000
B g -
Al
400 £ 0.3%
T T
i 1 4 il il 1 1 I -
a2 g ey 2]

Pi0 data (with accidentals 2-d subtraction) (kin2_High_LHZ2)

Diamncs paurcartage --17 513121 i
et Malak resubs | new = 85208314085 e o
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&0 | Fir
[
30X -

1000

il 1 1 | -
e gn ey 2|

Accidentals 1-¢l (kin2_High_LHZ)

141K ol
Diffarance pourcantage : 2450752

0 : : ‘
= L1.5% #  |Improvement in progress - 9.3%

20K
1 Malok resulls / nev = 40865.000000 I
g
WRE=| = My resulls / nev = 39863.500000 LIH
510
A
400
|
1 1 i il if. 1 1 1.4
M2 fir G #2)
Raw data - Acc - PI0 (kin2_High_LH2)
Doy crocs: pourc cnbans: - 5.255610
0w Malck readbs | mecdd = 10 B TEE0
4000 H:.I rea LS o sy = 145EET 40000 I‘
|
X100
F - - -
q 1 i il ip. 1 1 1.4
M2 fir G #2)



First DVCS proton cross-section

bins :

Cross section obtained according to the t and ¢

yy*

— t proportional to Gw* (polar angle between the final photon y and the virtual photon y*)

J Raw data

- Q. (azimutal angle between y and y*)

Nb of events
:

3

Kinllow

S000

2000

1000

Accidentals

- . . 1.2 1.4 1.6 1.8 <
Marti A. Mx? = 1.15 GeV? Mz (GeV?)



First DVCS proton cross-section

Photon electroproduction helicitv-independent cross section :

N Taul” + rlﬂff,,w{hr) + rﬂmfw(;} + ria::fw[jfﬁff )

| _ I'-i’z
drd|A2|déd Q3

[ : kinematic factors (calculable in experimental setup simulation)
C' (= C, AC, C' ) : Compton Form Factors obtained by fit on the data
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To be continued ...

- All the calibrations are finished.

- The only remaining work Is the data analysis :

- Improvement of the cross check for the contamination subtraction
concerning the LH2 target.

- Final DVCS off the proton cross section very soon !!
— Extraction of the DVCS off the neutron cross section in 2014

— Extraction of the 1t° electroproduction cross section in 2014






DIS cross section results and normalization check

Check of the nhormalization and its stability in time bv the DIS cross section results :

— Only the detection of the scattered electron in the HRS occurs for the DIS Process .

— DIS cross section is related to the beam, acquisition electronics and HRS adjustments
(Luminosity/Charge of the beam, Dead Time of the acquisition system, HRS efficiency, HRS
acceptance...) .

- With a comparison between our experimental DIS cross section and a theoretical DIS cross
section using a parametrization (*) , we can check :

1) The of our normalization
2) The stability in time of our normalization on a whole kinematic.

cam= 3-55 GeV x_= 0.36 Q°= 1.5 GeV*

b

TMC der | ¥ _ . . . .
8a — Relative difference (%) | Stability (%)

2
=

Kinematics TOTE TR _.
Kinllow ). &

L
iy
|

Kinlhigh

Kin2low

L
=
| |

kinZhigh

D15 cross section (nbarn/GevV/sr) | m

I
£n
|

Kindlow

kindhigh

ap L I | I BT | .

(*) [ngo Schienbein, Voica A. Radescu, G.P. Zeller, M. Eric Christy, C.E. Keppel, et al. A R
Review ol Target Mass Corrections. J.Phys., G35:053101, 2008, Defurne M.



Contamination subtraction to the DVCS (ep - e'p'y)

Raw data = DVCS Contamination

n°(ep— e'p'm® — e'p'yy): Raw data

Pion center—of—mass Laboratory frame 1-CIUSter events Z-CIUSterS events

2-clusters events (DVCS + 1°) (T1° data)
2000

—.%» EFT'“E““E 1T° random
ecay

decays

NO : O cluster
N1 : 1 cluster
N2 : 2 clusters

Contamination when only 1 of the l
two photons from the 1t° decay Is 1-cluster events N1 : 1 cluster
detected by the calorimeter (DVCS + 1°)

Direction of the boost

Accidentals :

— photons not related to the trigger electron are detected In the acquisition window (= not coming

from the vertex)
- Uniform contamination in the time

We shift In time the acquisition window to take only accidentals events



Test of exclusive 1t° subtraction method with G4 simulation

G4 1t° generated
Paremuzyan R.

G4 1-cluster events BG4 2-clusters events

h mmZ mc 1

crmes 1 65553104 08

MC = 292448.2

Black curve 2 clusters In

1 cluster outside the fiducial
fiducial region region

G4 tot = 2924 7.0

Difference :

0.004%

MonteCarlo

T
T
s T

: : 2'5: :3
Red curve M, GeV

Blue curve
MC 1 cluster
events

1 cluster events
+ black curve




Test of exclusive 1t° subtraction method with G4 simulation

G4 1° (1-cluster and 2-clusters events)
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e
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-39.30 -25 <20 15 <10 -5 0 S5 10 15 20
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— XY coordinates of the TT° momentum
direction is crossing the calorimeter to
ensures the detection of the two photons.
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Black curve : one of the 2 clusters from the 2-

clusters events Is outside the fiducial region
Blue curve : G4 1-cluster events + black curve

Red curve : 1-cluster events after MC from the G4
2-clusters events




Cross check of the contamination subtraction : Example with the neutron data

LH2 Target (without fermi motion)

Raw data (kin2_High_LH2)
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120010
MMalak msulss | nay = 280482 000000
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100K
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. M. Ben Ali results (blue) / My cross check results (red)
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Crifleranca pourcantage ;- 2.01 8030
1200
Malak results [ nev = 39883 500000
0N My results / nev = 39182.500000
it
500
&0

= 2%

1 il il ij. 1 1 1.4
e jn Gav' 2|

raw data - acc - pi0 (kin2_High_LHZ2)

Diffcr oo pourcentage - 7.586T16
2000

Malck results | ney = 154644 742160 |
10 My reullts | noy = 143206110154 |
JK

Improvement in pgress f o 7.4%

i

f 1 il il ij: 1 1 1.4
e jn Gav 2|



	Slide 1
	Slide 2
	Data analysis
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

