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To get Deuterium results ... (my work so far)

Calorimeter calibration :

— results using the 11° method
— comparison with Malek's results

Run quality :

- HRS and Calorimeter problems during the data taking
(= discarding some runs)

Deuterium analysis :

Contamination subtraction

Including the fermi motion for the LH2 target's proton

LD2 — LH2 targets subtraction

Comparison with Malek's results (In applying the same cuts)

Vol



Calorimeter calibration using the 11° method

Elastic calibration (ep — e'p’) .

— 3 Elastics calibrations (October 26th, November 17th, December 14th)
- The polarity of HRS iIs reversed to detect the proton, the Elastic calibration iIs not possible
during the data taking (= dedicated runs)

Tt° calibration (ep — e'p'rt°® — e'p'yy) .

— T1° Calibration is possible during the data taking (= same experimental setup as the DVCS runs)
— T1° Calibration allows to calibrate the calorimeter for each day of the experiment (= Monitoring)

Minimization of X*:
Calibration coefficients
Theoretical energy calculation from :

N
X2 — Z — Z(@)Q ~ Electron energy
j=1 i /

- TT° position

| - Assuming exclusive event (Mx2 cut)
Theoretical energy  Signal amplitude

We perform several iterations of calibration to stabilize the results



Calorimeter calibration using the 11° method

If the calibration works, we expect to see an improvement on :

-~ Mx2 (closer to the theoretical value : Mp* = 0.88 GeV?)
- Minv (closer to the theoretical value : M1t° = 0.135 MeV)
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Calorimeter calibration (Comparison with Malek's results)

-1 2 B e - 18(
Difference in the cut applied for the comparison : SroRE. . - 16
— My CUtL : =16 - . - usi 14(
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Run quality (= discarding the problematic runs)

Acquisition system problem (Dead Time problem HRS problem (Low number of hits in one of the

for one run) PMT of the Cerenkov detector for one run)
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Conclusion : 10% from the totality of the runs affected



Contamination subtraction : accidentals 1 cluster contribution

Accidentals are :

- Photons not related to the trigger electron detected In the [-3, 3] ns clustering window
(= not coming from the vertex)
- Uniform contribution in the time on the 128 ns of the acquisition window

To remove the accidentals contribution, we shift in time the clustering window :
from [-3. 3]l ns to [-11, 5] ns (and [5, 11] ns

Kin2 High LD?2
Contamination percentage : 23.722326
16000
Raw data
14000
Accidentals 1-cluster
12000
Raw data - Accidentals 1-cluster
10000
8000 =~ 24 % of
oo accldentals
contribution
4000
2000
[} - - ]
0 0.2 0.6 0.8 1 1.2 1.4

Mx“ = 1.15 GeV?* Mx2(in Gev"2)



Contamination subtraction : Tt° contamination

Raw data = DVCS + Accldentals 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
1-cluster events 1

Direction of the boost *
‘5.\)3 _ . Atymmetrc 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




Example of 11° contamination subtraction

Kin2_High_LD2

Contamination percentage : 30.640759
16000

Raw data
14000

Pi0 data
12000

= Rawdata - Pi0 data

10000

8000

~ 31 % of 11°
6000 contamination

4000

2000

0.2 0.4 0.6 0.8 1 1.2 1.4
Mx2 (in GeV"2)

In the Blue curve :
we have the real 1t° but also accidentals 1t°

We have to remove the accidentals 1t° contribution to the real 1t° to subtract
only the real 1t° from the raw data



Contamination subtraction : accidentals 1t° contribution

Accidentals 1t° (3 types):

- A) 2 photons related to a 11°, so the both In coincidence with themselves but not In coincidence
with the trigger electron

- B) 2 photons not related to a 11°, with one of them In coincidence with the trigger electron

- C) 2 photons not related to a 11°, and none of them In coincidence with themselves or with the
trigger electron

To remove the accidentals contribution, we select the clusterinqg windows to :
A) |-11, -5] ns and |-11, -5] ns
B) [-3, -3] nsand |5, 11| ns
C) |-11, -5] ns and |5, 11] ns

Arrival time of first 10— = 7w ... . .. L onw
cluster (in ns) = 2 L T e if, S 1 _H“ .35
= 1_ L To subtract the
NS “fr-nominrsminsodnio st b s i L e 1129 total accidentals
2 e T e !2& T[o COntribUtiOn :
0 St

—15 A+B-C

10

<

o Arrival time of second
cluster (in ns)

camsonne A.



Example of the accidentals 1t° contribution with the Minv

Accidentals (2-cl) substraction from the pi0 data : kin2_High LD2 Accidentals (2-cl) substraction from the pi0 data : kin2_High_LD2
20000 5-Clusters avents from - 2300 2-Clusters events from :
raw data (=pi0) --> [-3,3][-3,3]ns raw data (=pi0) --> [-3,3][-3,3]ns ‘
18000 (1) pi0 fort, = [-11,-5][-11,-5]ns ——— (1) pi0 fort. > [-11,-5][-11,-5]ns
(2) ace. 2-¢l --> [-3,3][5,11]ns 2000 (2) acc. 2-¢l --> [-3,3][5,11]ns
16000 (3) ace. 2-¢l - [-11,-5][5,11]ns {3]. acc. 2-¢l > [-11,-5][5,11]ns
14000 |- L (pi0 data)-(1)-(21+(3 | b0 Catar{THaR ) i Accidentals 2 clusters
| 1500 Type B
12000 Accidentals 2 clusters [-3, 3] ns and [5, 11] ns
Type A
10000 [-11, -5] ns and [-11, -5] ns
8000 ‘
6000 [ |
- 500
4000 — | X
2000 - | A
g -J.‘i I.IIL“"—-u —y 'D
b1 005 0 05 o1 o015 02 03 035 04 01 005 0 005 o1 015 02 05 03 03 04
minv minv

- LD2 target : 20% to 30% accidentals 11° contribution
- LH2 target : 13 % accidentals 1t° contribution

Accidentals 1t° contribution Is not negligible, so It's hecessary
to subtract this contribution to the total 2-clusters events.



Example of the accidentals 1t° contribution with the Mx2

Pi0 data (kin2_High LD2) Raw data - Acc - Pi0 (kin2 High LD2)

8000

Chfference pourcentage : 23.001672 6000
00 15.4%

"~ Before acc. 2dl sub. 5000 diﬁerenCe on

the total
Y B number of
After acc. 2cl sub. 4000 events

2000

4000 23% difference on
the number of 11°

3000
[hflerance pourcantages | -15.44 3391
2000
Without Acc. 2¢] sub.
1000 T With Ace. 2c] sub,
——T T 1T 1 1 4 | b =T
02 04 06 0.8 1 1.2 1.4 0 02 04 06 0.8 1 1.2 1.4
Mx2 (In GeV"2) Mx2 (In GeV"2)

We can see the difference on the number of events
when we apply the accidentals 1t° subtraction



16000

14000

12000

10000

8000

6000

4000

2000

Global results after contamination subtraction for each target

DVCS = Raw data -

Kin2_High LD2

Contamination percentage : 47.315198

Raw data
Accidentals 1-cluster
Pi0 data

Accidentals 2-clusters
Raw data - Pi0 data - Accidentals

0 02 0.4 06

=~ 47 % of accidentals contribution + 11°
contamination

© Mx? = 1.15 Gey? 262

- (1T1° - Acclidentals 2 clusters)

Kin2_High LH2
Contamination percentage : 49.215959
Raw data
12000 Accidentals 1-cluster
Pi0 data
10000 Accidentals 2-clusters
Raw data - Pi0 data - Accidentals
8000
6000
4000 ‘
2000
0 S — T
0 0.2 0.4 0.6 0.8 i 1.2 1.4

Mx? = 1.15 GeV? "¢ "%

~ 49 % of accidentals contribution + 11°

contamination



Fermi motion added to the LH2 target

- Proton at rest in the LH2 target but not in the LD2 target
— necessity to add the fermi motion to the LH2 target's proton for the target subtraction

- The ferml motion Is a smearing on the proton momentum and the proton mass to
take Into account the Initial motion of the proton In the nucleus

Distribution of fermi momentum

o -
L= L
AR

'
=

~
P

11 i i J 5
Fermi momentum (in GeV)

-
—~



Global results after LD2-LH?2 targets subtraction

(LD2-LH2) Kin2 High

raw data - cont. --= LD2
F000

raw data - cont. --> LH2
6000

LD2-LHZ

o000

4000

3000

2000

1000

0.6 0.8 1 1.2 1.4
Mx* = 1.15 GeV? Mx2(in GeV?2)

Conclusion :

- Normalization by the charge of each run was performed to subtract the targets
- Fermi motion was included to the LH2 target data

We notice a shift of the Mx2 peak between the LD2 target and the LH2 target :
— due to the calorimeter calibration, fermi motion, 1° subtraction method ... ?



Comparison of 2 parallel analysis for the contamination subtraction

(same cuts applied)

LD2 Target : Malek results (blue) / My results (red)

Haw data (kin2_High_LD2)

B0 Diference pourcentage | 0. 761 265

140010 M akek resulls | nev = 372275, 000000
Tan0 My resulls /nev = 369441 000000 rya
10000 e |

A0

&0

0.8%
0 -
200
. i i 1 1
Pi0 data (with accidentals 2-d subtraction) (kin2_High_LD2]
A0
Difer e pourccniage - 4. 80427
000
Makck resuls | moy = 915888 TEE14E

500 My results (before suby) / new = 113196527382

S0 By e Ll B raler Qb | i v e ETIEL TS 0E

0

30

200

1000

1.2
a2 gn (el 2]

1.2

M2 fin GV 2]

Accidentals 1-¢l (kin2_High_LDZ2)

S Ciflzrance pourcantage @ 2741084

-~ Malak rezults nav = 90110000000

My results / nev = 5764 0.000000

2000

150K

100K

1 1 1.%

A2 fin Gav*2)
Raw data - Acc - Pi0 (kin2_High_LDZ2)
Al Diffcr cnoe: pourcenbage - -2 115506
Nalck eSS i mey = 10ele cTEs0
5100
Ny relis | noy = 1EEE S5 TS
4000
100
0,
- 2.1%
106K
E
i il 1 1 | =
A2 fin Gav*2)



Comparison of 2 parallel analysis for the contamination subtraction

(without fermi motion)

LH2 Target (without fermi motion) : Malek results (blue) / My results (red)

Raw data (kin2_High_LH2)

Accidentals 1-¢l (kin2_High_LHZ)

[ arenics powrcentage : 0.1 79891 Crifleranca pourcantage ;- 2.01 8030
12000 LA
Malak msulss | nay = 280482 000000 Malksk rezulis fnav = 39383 500000
10000 =
My resuls | nav = 2799 78.000000 0 My results [ nev = 39182500000
SO0 _
Al
00 _
0 ' 0.2% "~ -
2000 .
—t
'l_.-—.-l i i i 1 1 1.4 1 1 4 il i 1 1 14
M2 fin GaV' 2] M2 fin Gal*2)
FI0 data (kin2_High_LH2) raw data - acc - pi0 (kin2_High_LHZ2)
DT anc & pourceniage: - 18 eTrETe o D it polrConiages: - .28 T1E
AL 2000
Malck resull / mov = BRE4 T TEE1ZE Malck resulls | oy = 154644 742160 |
500K Py resbs bcfiond: SLb | ey = 108ESE. 15050 10 My resulls | ey m 143206110154 |
My resulls (afor suby) { ey = G753 580060
400K
. Too big difference (7.4%) due to
. the ° subtraction method :
i 13.7% _ ;
Improvement in progress - 7.4%
10K
i
t i E— 1 1 1.4 : : i i[: iJ: 1 1 1.4

M2 fin G 2] M2 it G2



Comparison of 2 parallel analysis for the contamination subtraction

(without fermi motion)

LH2 Target (without fermi motion) : Malek results (blue) / My results (red)

Raw data (kin2_High_LH2)

Accidentals 1-¢l (kin2_High_LHZ)

[ arenics powrcentage : 0.1 79891 Crifleranca pourcantage ;- 2.01 8030
12000 LA
Malak msulss | nay = 280482 000000 Malksk rezulis fnav = 39383 500000
10000 =
My resuls | nav = 2799 78.000000 0 My results [ nev = 39182500000
SO0 _
Al
00 _
0 ' 0.2% "~ -
2000 .
—t
'l_.-—.-l i i i 1 1 1.4 1 1 4 il i 1 1 14
M2 fin GaV' 2] M2 fin Gal*2)
FI0 data (kin2_High_LH2) raw data - acc - pi0 (kin2_High_LHZ2)
DT anc & pourceniage: - 18 eTrETe o D it polrConiages: - .28 T1E
AL 2000
Malck resull / mov = BRE4 T TEE1ZE Malck resulls | oy = 154644 742160 |
500K Py resbs bcfiond: SLb | ey = 108ESE. 15050 10 My resulls | ey m 143206110154 |
My resulls (afor suby) { ey = G753 580060
400K
. Too big difference (7.4%) due to
. the ° subtraction method :
i 13.7% _ ;
Improvement in progress - 7.4%
10K
i
t i E— 1 1 1.4 : : i i[: iJ: 1 1 1.4

M2 fin G 2] M2 it G2



Comparison of 2 parallel analysis for the contamination subtraction
(with fermi motion)

LH2 Target (with fermi motion) : Malek results (blue) / My results (red)

Haw data (kin2_High_LHZ2) Accidentals 1-¢l (kin2_High_LHZ)
140010 1400 -
[hSemncs pawrcarnage - 0.2 0847 Diflaranca pourcaniage : 2450752
12000 :
et resuls e = SRS LOUA0E = Malak rasulls / nev = 40865.000000 |
1 By pe sl | 285537 000000 I - I
— WRE=| = My resulls / nev = 39863.500000 LIH

5100 —d_ -

&0 500

4000 -] O _ 3% &0
4010

_--l J = JE JE 1 1 | - 1 . = 1.%
M2 fin G2 M2 fin Gal*2)
Pi0 data (with accidentals 2-d subtraction) (kin2_High_LHZ2) Raw data - Acc - PI0 (kin2_High_LH2)
Diianercs poumartage :-17.513121 i T —
B0 Malsk resuls | riey = B5208.3 14085 o o £ e
- fohy e sulss {bafore sub) | ey = 113302950465 ’_I_I"r | | ‘
My resulss (e s ) /ey = 101306 080451 I_IJ'I 400K) O TR | I 1507 A I.
4000 JH :
- f Too big difference (9.3%) due to
1 .
. . the ° subtraction method :
1Y) 1 7 . 5 /0 o x ' O
; Improvement in progress 9.3%
107K

JE 1 1 1.2 J.2 JE J E 1 1 1.%
e gn ey 2| 2 gn ey 2|



Comparison of the LD2-LH?2 targets subtraction

(LD2-LH2) Kin2 High

Difference percentage : -12.242246

6000 Malek LD2

Malek LH2 ehi

Malek LD2-LH2 / nev : 100864.925323 Ba=

M — 4

o000 My LD2 . i lI_I_‘_,—‘_I—Lr

My LHZ . Bl =] |

My LD2-LH2 / nev : 113213.057195 Fr L ‘_ﬂ—'_'-rL [ rIJ
4000 s | - —

. L
r i L
- - T
3000 i I‘.' |
. o
T —~
|- 1)
2000 =
- -
. —a
0.6 0.8 1 1.2 1.4
Mx2 (In GeV"2)

Conclusion :

- \We notice the same shift of the Mx2 peak between the LD2 target and the
LH2 target for Malek results




To get Deuterium results ... (the next tasks)

Comparison of the 2 analysis for the contamination subtraction to
Improve

Investigation of the relative calibration of the targets (= shift of the Mx2
peak between LD2 and LH2)

Analysis of the kinematic kin2Low

Studying the impact of the cuts variations on the Mx2






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

Raw data = DVCS + Accidentals

Exclusive (ep — e'p'° — e'p’

Inclusive (ep— e'(X)1t° — e'(X

Associated-DVCS (ep — e'p'(X)y) :
- Example : ep - e'p't°y , ep - e'prIrTMy ..
— First channel inclusive 11° (ep — e'p'mt°y) with a missing mass square

Mx* = (M_+M_)* =1.15 GeV’

Kin2_High LD2
Contamination percentage : 30.640759

16000

Raw data

We apply a cut 14000 pi dta

On the MX2 12000 | Raw data - Pi0 data

(Mx*<1.15GeV?) 10000
to discard the - 3000
Inclusive 1t° 6000

events from the 4000
raw data. 2000

, 12 . 14
Mx“ = 1.15 GeV*® Mx2(inGeV"2)



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

Raw data = DVCS e

Accidentals :

- DVCS photons In the [-3, 3] ns coincidence window

- Photons not related to the trigger electron are detected In the [-3, 3] ns coincidence window
(= not coming from the vertex)

- Uniform contamination in the time on the 128 ns of the acquisition window
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Contamination subtraction to the DVCS (ep(n) - e'p'(n")y)

Raw data = DVCS e

Accidentals 1 cluster :
— 1 photon detected In the coincidence window - [-11, -5] ns or [5, 11] ns

Accidentals 2 cluters (3 types) :

- A) 2 photons related to a 11°, so the both In coincidence - [-11, -5] ns and [-11, -5] ns

— B) 2 photons not related to a 1t°, with one of them In coincidence - [-3, -3] ns and [5, 11] ns

- C) 2 photons not related to a 11°, and none of them In coincidence - [-11, -5] ns and [5, 11] ns

We shift in time the 6 ns acquisition window to take onlvy accidentals events
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Check of the accidentals 2 clusters subtraction with the Minv

Accidentals (2-cl) substraction from the pi0 data : kin2 High LD?2 Accidentals (2-cl) substraction from the pi0 data : kin2_High_LD2
2-Clusters events from : 2300 T2 Clusters events frum. :
raw data (=pi0) --> [-3,3][-3,3]ns raw ﬁaia (=pi0) -> [-3,3][-33]ns Accidentals 2 clusters
——— (1) pi0 fort. = [-11,-5][-11,-5]ns — (1) pi0fort. - [-11,-5][-11,-5]ns
(2) ace. 2-cl --> [-3,3][5,11]ns 2000 (2) ace. 2-¢l == [-33][5,11]ns Type B
(3) ace. 2-¢l = [-11,-5][5.11]ns (3) acc. 2-cl > [-11,-5][5,11]ns [-3, 3] ns and [5, 11] ns
——— (pi0 data)-{1)-{2)+(3) ~ —— (pi0 data)-(1)-(2)+(3)
1500
12000 —
10000 | Accidentals 2 clusters
‘ Type A |
8000 [-11, -5] ns and [-11, -5] ns [
6000 [ |
N 00 - J‘J JI
4000 — | - s S PR A
- . & RS
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Cross check of the LD2-LH2 targets subtraction

LD2 — LH2 : M. Ben Ali results (blue) / My cross check results (red)

(LD2-LH2) Kin2 High

Difference percentage :-12.242246
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