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Elastic calibrations in 2023

de Physique
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» 2 iterations were performed at the beginning for the first set of production HVs

»No update of HVs for columns which were OFF due to radiation damage

-m Runs used (pass of beam) Calo. status

Sep.25 1341, 1342,1413-1421 (5) New HV settings full
2 Sep.26 1437-1442 (5) New HV settings full
1555-1560 (5) Calibration with new HVs  full
3 Oct.2 1507, 1510, 1511, 1556, 1557, 1559 (5) Sparse ON vs. OFF >+ No dependency
1549-1554 (5) Temperature dependence >+ Dependency was found
| — >+ Experiment started
4 Oct.20 1971-1982 (5) Calibration col. 0 OFF + First radiation-damaged
Nov.12 2855-2867, 2869, 2871 (5) New HV settings col. 0-4 OFF base found in mid-October
6 Nov.13 2875, 2876, 2879, 2881-2885 (5) Calibration with new HVs  col. 0-4 OFF
>+ Pass change
7 Nov.15 2907, 2909-2919 (4) Calibration with new HVs  col. 0-4 OFF —+ Comparison between
4-pass and 5-pass
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Elastic calibrations in 2024 Ve NH%%

de Physique

»Replacement with bypassed bases in column 0-19 are done during the Christmas break

> Calibrations are done with all columns

» Refurbishment of the rest of columns without swapping PMTs

-m Runs used (pass of the beam)

Jan. 26 3883-3889 (5) New HV settings
9 Jan. 27 3893-3898 (5) Calibration with new HVs
| : : > o Refurbishment of col. 20-23 (Feb. 16)
10 Feb. 18 4469, 4470 (5) Only col. 10-29 are illuminated
' »  Refurbishment of col. 24-25 (Feb. 22)
11 Mar. 10 5183-5207 (5) New HV settings
| : : : > « Pass change
12 Mar. 11 5217,5219-5225 (3) Calibration with old HVs
13 Mar. 12 5226-5236 (3) Calibration with new Hys — * Comparison between 3 and 5-pass
» » Refurbishment of col. 26-29 (Mar. 16)
14  Apr. 22 6151-6156 (3) New HV settings
(using new gain curve from Julie)
' — . > ¢ Pass change
15 Apr. 24 6171-6176 (4) Calibration with old HVs ————> ¢ Comparison between 3 and 4-pass
16 Apr. 24 6180-6183 (4) Calibration with new HVs
2024/07/18 Hao Huang @ NPS Collaboration Meeting 3/15



Effects of temperature on elastic calibration ~ ®Cus N&%ﬁ

Laboratoire de Physique
des 2 Infinis
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Thermal sensor at middle column (back 25-32)

October 1 - 2, 2023 (14:00:00 - 12:00:00)

henps_intlk_cz_t_back_25 — hcnps_intlk_cz_t_back_26 hcnps_intlk_cz_t_back_27 = hcnps_intlk_cz_t_back_28 hcnps_intlk_cz_t_back_29 * Data from EPICS
- henps_intlk_cz_t_back_30 hcnps_intlk_cz_t_back_31 =— hcnps_intlk_cz_t_back_32 « Reversed values due to

the reversed wire connection
(Fixed by Josh closed to the

|
I
= W end of the experiment)
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HV ON [1549 1550 1551 1552 1553 1554] [1555 1556 1557 1558 1559 1560] HV OFF
NPS angle:  15.98 14.89 17.18 17.18 15.98 14.89
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Results of calibration associated with temperature

Non-uniform calibration coefficients due to the non-

steady temperature in the calorimeter

reduces the light yield of the crystals
» Last 6 runs

» First 6 runs
» Taken right after turning on the HVs

» Higher temperature in the calorimeter
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Calibration coefficients as a function of time

> Distributions of coefficients from blocks in column 6-28 and row 1-34

> Fit the distribution of coefficients to extract the mean value

Coefficients of elastic calibration #3

Coefficients vs. time

) CLab

Iréne Jollot Curie

Labor: t de Physique
d2|

NES

2 300 E|astic calibration #3 o~ 18
S B c B
8 [ —4— Data S —4— no update of HVs
50 [ —1— Fit (Gaussian) é 171- —4— after updating HVs
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200  Width = 0.7468 £ 0.0000 MeV/mV s 16 P : :
- 8 [ Spass 4 5 3 4
- s Pl : :
1501~ 8 15[~ Pl : :
B = T s f : :
B B —— i —— :
B i Pl i :
100[- 14~ o :
: Sl L
S0 [ 13__ —0-' " —— :
- B e —
0_ 111 L1 I X10_3 12_| ' |_?_| | I |§|§| Lol |§| L1l |§| 1
8 10 12 14 16_ ‘ 18 20 2 4 6 8 10 12 14 16
Coefficients [GeV/mV] Number of elastic calibration
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de Physique

Performance of m° calibration with simulation "'Ctb NE‘%%

»MC data reconstructed using Geant4 My, (E_ > 1GeV 8& E,, > 1 GeV)
* ~300k events of n® — yy were generated x10° v
2 Fro _ —+— Data
* HMS momentum =-6.667 GeV/c, angle = 12.493 degree 5 8[| Simulation | __ ry Gaussspolt)
O Fr -
* SHMS angle = 36.88 degree, NPS angle = 20.58 degree - ’rfl2"\'_'3;2;99;'i‘151
— n’ = -
* NPS at 3 meter (the first kinematic we took) > M, = 134.96 = 0.02 MeV
- G, =2.56 +0.01 MeV
»\Very good performance of the calibration scripts L
M, vs. iteration c, VS. iteration i
o 140 < 2.8: :
Eﬂg 138 _ ------- M,. = 0.1349766 GeV/c* g; 575 _ 3 __
- 136 ) 2-72_ R
B T 265 2
3 2.6;— i
- C _+_ ) S U N S S | -
I 255 Tttt 1=
130_— - |
- 25 L
128;_ Simulation 2 asf- - Simulation !
T A §17°0115°0.12 0125 013 0.135 0.14 0145 0.15
etz e 4 s e 78 2A RS 18 M., [GeV]
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Required statistics for calibration ®Ce NP

ratoire de Physique
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» 20k of n® events seems to be enough for calibration
(0.5 hours of beam time with KinC_x36-5; 2-3 hours with x60-3 and x60-4 on LH2)

M0 vs. number of t° used for calibration

oo VSs. number of n°® used for calibration

> > 261F
o 135 . . C - . .
= . Simulation % 26E Simulation
= 134.981- o “UF
N 2 C
134.96 ‘ } 595
= - [ ]
134.94 2.58
134.92 add |
134.91 2.56 1 ‘
134.88 255F $
134.86 2541 !
134.84F ’ + i i * 253
134.82 2.52¢
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Statistics for calibration [k events] Statistics for calibration [k events]
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Calibration performance with 20k rt® events "'Ctb NP

ratoire de Physi
i ysique
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Number of photons per block with 20k i° events ®Cu NRQ

Laboratoire de Physique
des 2 Infinis
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Number of hits block : :
Simulation
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= 30 [oee 929
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de Physique

Required statistics for calibration with data ®/¢u= NEg

»Kinematics: KinC_x36-5

»Same conclusion as simulation: 20k of ° events may be enough

M0 vs. number of i used for calibration oo VS. number of ° used for calibration
] %10~
% i % 5.4_
& I &1 +
=3 [ + =
0.1356— 5.2~ _+_+__+_
= —r ——
0.1355— \ 5__ +_+_ \
| I ++ 20k
- 4.8l
0.1354 20k i +
| 4.6
0.1353 :
i 4.4+
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Results of calibration as a function of run number
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» First month of data in 2024
» 8 kinematics, run 3728-4550
» Calibrated using ~100k nt¥ events

» Elastic calibration was done
after taking 7 days of production data

» Decrease of coefficients after updating HVs
and long time of beam OFF
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If we didn’t update HVs

» Restore to the old coefficients with

Cold — C‘rlfew X (

»Radiation damages of the crystal were
saturated and increased steady after some point

» Cure of the crystals might be meaningless if the
damages come back too fast

2024/07/18
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Coefficients vs. run number

x10 >

T —4— coefficients from =° calibration

-------- HVs updated after elastic calibration
Maintanence day

-------- Refurbishment with bypassed bases (col. 20-23),

beam off for 2 days
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Comparison between different blocks YCe: N@%ﬁ

» Average of coefficients after elastic calibration
at the edge and in the middle of calorimeter

» Coefficients of blocks closed to the beamline
were increased more than the others as we expected

Block number 572 583 597
Coefficients (right after elastic calibration) [MeV/mV] 13.8860 13.5846 13.8736
Coefficients (two weeks after elastic calibration) [MeV/mV]  15.3157 14.2997 14.4826
Increased coefficients [MeV/mV] 1.4297 0.7157 0.6090
(10.3%) (5.27%) (4.39%)

¢ e mm BEAM
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Coefficients vs. days
x107°

- —4— Block 572 (c2, r19), closed to beamline
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L —$— Block 597 (c13, r19), far from beamline

after maintenance day

|

M

2 4 6 8 10 12 14
Days after elastic calibration

14/15



Conclusion vCe NBg

Laboratoire de Physique

» 16 elastic calibrations was done

» HV settings were updated for 6 times to have uniform gain in each PMT for better trigger
» Coefficients depend on the temperature. Keep HVs ON for data taking and calibration.

» Study of performance of nt® calibration was done using simulated data

» 20k of pure ¥ events seems to be enough for calibration

» The frequency of calibration depends on kinematics and beamtime

» 1 calibration were done for the 15t month of data in 2024

» Fast damage of crystals after the Christmas break.
Would be interested to compare with the beginning of the experiment.
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de Physique

NPS calibration with cosmic rays SCus N@%ﬁ

»Check the performance after installation, troubleshooting, etc.

» Pre-calibration before calibrating with elastic data
* Gain matching for similar amplitudes in each block

° Amp = a X Hvﬁ Amplitudes before & after calibration
1 2

new Amp.. 5 S [
« new HV.= old HV X ( PyB 2601

old Amp. © I

R — Before calibration

* B = 5 77 50:_ — After calibration
* New amplitudes are set to 10 mV na

Log(amplitude)=-32.2+ 5.77*Log(HV)

o
n

Log(amplitude) (Log(mV))
e
(4] [+2]
T | TTTT |

L3]
\ll\l

-
n
T

i=y
TTTTTT

From Julie’s analysis

I R B R 6 8 10 12 14 16 18 20 22 24

l!5.2I — I6.3I l 6.4 6.5 6.6 6.7 H
Log(HV) (Log(V)) Pulse amplitude [mV]

w
n
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®Cub N BQ%

Elastic calibration ASE

» Preparation of taking data of elastic events (e + p — e’ + p’)

* Move the NPS to 9.5-meter position (coordinate with the Techs)
* Change the polarity to detect scattered electron (e’) in the NPS and recoil proton (p’) in the HMS

* Three different angles of the NPS are required to illuminate the whole calorimeter and have enough
statistics at the edge

@I
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Calculation of calibration coefficients "'Ctb Nﬂ%

ratoire de Phys
d2|f yelque

@I

» Precise prediction of scattered electron from the measured
proton in the HMS

»Linear equations of 1080 crystals are used for the minimization:

e According to energy conservation, the energy F; of scattered electron in event ¢ is:
E; = Ey+ M, — EF

where Ej, is the beam energy, M), is the mass of target proton, EIP is the energy of proton detected in the HMS o
Matrix [}; A;AL]

x10° %10°
- s

By comparing E; with ¥; _fjA;-

o (j is the calibration coefficient of block j in the caloremeter

PMT number

o A} is the amplitude (deposited energy) if block 7 in event 2
we can build XQ = %;(FE; — EjCjA})g
e The calibration coefficient C'; can be calculated by minimizing the XQ:

Ay’ | ¥ 7 ]
E"a = —20:.%;(E; — Ej(;jA;-)Azk =0

which can be witten as:
Y, Ei A = Ej[EfA}AHCj . . | | | 3
. . () 4 S W N |

* Then, Cj can be calculated by inverse the matrix [EE'A;A}J and multiply 2; E; Aj, - S
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Elastic calibration Y NEZS

» Adjust the high voltage (HV) of PMTs to have 600 mV of
amplitude for the photon from DVCS process

»Based on the gain curve and their calibration coefficients

| calibration coefficients |

New HV settings

x107°
s 0t 800
C Q L
> 35k 2 [
> F S750[-
g 30:— N
© 251 700—
O : F
20 |
N 650
15k |
10~ 600_
°F 550
O:I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I |><103 [
0 0.2 0.4 0.6 0.8 1 Eroo b b b by
PMT number 0 200 400 600 800 1000
PMT number
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Results of elastic calibration "'CLb N@%ﬁ

Laboratoire de Phys
d2|f yelque

» Good agreement of the electron energy between the prediction from HMS and the
measurement in NPS after calibration

» The measured energy resolution is still larger than the
expectation (~2%/vVE @ 1% ~1.2%) from simulation (work ongoing)

| Electron energy | | Energy resolution in the calorimeter |
x10° x10°
£ 18- £ r
3 C —4— E..from proton in HMS data 3 12_— Mean = 0.164 GeV data
© 16 © L 5=0.172 GeV
CoT Gaussian fit - £ 7.482 Y
B mean = 7.364 + 0.002 GeV e~ /02 L
14__ 10 Resolution=2.3%
o =0.169 + 0.002 GeV
12_—+—E from NPS | i
C Gaussian fit ¢| '; 8
10— mean = 7.482 + 0.002 GeV i L
C o = 0.246 + 0.002 GeV H 6
8~ :
4+
' [ ]
2 .
I ¢ .
;.-—h-aﬂﬂ._..n_n_n_l_u_u._'d.m_n_l_p_u_
o3 -2 -1 0 1 2 3
ENPS - EY
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Coefficients, sparse ON vs. OFF ®Ce NP

Ratio of coefficients (SpON / spOFF)

@ I))

Row number

0 5 10 15 20 25
Column number
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Comparison between different beam energy

»Comparisons of coefficients with the same and updated HVs

»Very small discrepancies were found between different energies

3 pass vs. 5pass

4 pass vs. 5pass

) CLab

Iréne Jollot Curie

Laboratoire de Phys
d2|f yelque

NES

3 pass vs. 4pass

o 260F 8 F £
c - [ _y —
§ - —— Jan-25" (5-pass beam) %00 - Coefficients with new HVs 53; 160 [ — 3-pass beam before update the HVs
[ — Mar-10" (5-pass beam) Q80 Spass . - —— 4-pass beam before update the HVs
- 4pass, all statistics 140
200 [ — Mar-12" (3-pass beam after update the HVs) 160 o 4pass, half statistics [ — 4-pass beam after update the HVs
i : 120
i 140
150~ 120F- 100
- 100~ :
100 8o [
- 60 [
50 40 Z
[ 20F -
0 i ><1 073 0 i TR S X1 073 N
6 8 10 12 14 16 18 20 11 14 15 16 qO 11 12 13 14 15 16
Coefficients [GeV/mV] Coefficients [GeV/mV] Coefficients [GeV/mV]
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de Physique

Energy calibration with mt° ®Ce NB

—
e

»The energy in the NPS are shifted when taking production data

» Possible causes: fringe field effects from the magnet on PMTs,
non-linear effects on the energy response of the calorimeter

» Calibration with n° — yy is another approach to extract the correct
calibration coefficients in each crystal

70 invariant mass before 1t° calibration

X110~

—+4— Data

w

§ 2.2F —— Fit (Gauss+pol1)

© t ¥2/NDF = 2.08

2F N, = 17176 + 139

18 - M, = 0.1256 + 0.0000 GeV
C 0, = 0.0054 +0.0000 GeV

Qo8 01 012 014 016 018 _ 02
M, [GeV]
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de Physique

Method of 1t° calibration "'Ctb N@%ﬁ

»The minimization method is based on the paper “A bootstrap method for gain calibration and
resolution determination of a /ead-glass calorimeter ” inuciear instruments and Methods in Physics Research A 566 (2006) 366-374)

» This method is used to constrain the mean of nt° invariant mass and
reduce its width based on:

Nevents Nevents m, = M_=0.1349766 GeV
F = Z (ml2 — mg)2 +2A Z — mo m;: reconstructed M,
i=1 ; A: Lagrange multiplier
resolution term embody the constraint <m.?> = m?

» [terations are required till the mean and width of ¥ are converged
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Results of 10 calibration

) JCx N P

ratoire de Phys
d2|f yelque

»Mean value of m® mass is stable after 3 iterations
» At least 5 iterations are required to make its width stable
»Both mean and width are improved after calibration
n¥ invariant mass after n° calibration M, vs. iteration G, vs. iteration
X1U~ %1072
2 3__—Mwbeforecallbrauon 0.17F ‘55.45—
é r —+— after calibration (e M,. = 0.1349766 GeV/c® E C
25 L — :il?(Gausswoh) 0.16 __ EH 4 E__+_
: :1:?17:;3?05;000 GeV 0-155- | E
2 — o, =0.0052 £ 0.00?0 GeV oab 5 35 :_
1'5: 0.13; ----------------------------------------------------------------------- 5.3:_
1F 0.12:— F +
I 5.25-— + ‘ ++
L 011 B
0.5_
. 0.1 5.2:—
Pos 01 012 014 016 018 02 I R S S S S S S B B T S S S T
M,y [GeV] Iteration Iteration
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Additional correction for 1° calibration "'Ctb N&%ﬁ

de Physique
@

»Used in previous DVCS experiment in Hall A for the fast darkening of crystals

mg;=0.1349 GeV M_, vs. iteration
>C' = Cp X ”reconstmct for each block k o ™’
My <« 170F
I :
2 - e M., = 0.1349766 GeV/c
= 160~
Eg N
150
140F
S S T T —————— — — *— o
130:— ——
120
110~
1001'_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 0 1 2 3 4 5 6 7 8
lteration
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