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Introduction of PSD

» Geometry of PSD:
 Two PSD assembled
* Framework: nylon66 . .

e Size:45cm* 1l cm* (3 ~5cm) < 4

514160 €0 §14160-3015 ¢

« PSD is covered by ESR film (65 nm). 2 B B |

1513360-6050

* Ten SiPMs on each PSD h4 0o 1 2 3 ChS 7 % 5 9
-21.3 -18 -15 -12 -9 cm N 9 12 1 18 21.3cm

»

* 6 chs with high gain & 4 chs with low gain
- "

s _ ~m§14160-6050 514160-3015
o O O

. | | . o_{:g _ ‘o -—

\ §13360-6050 513360-6050

L~

Large SiPM
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Setup and data of SPS IONSs

» Run summary (position: movement along X):

* Hadron (330 GeV/n) in position: 0 mm (center)

g T I‘Jl) Lua I
SCD SCD  PSD nu N charge ALO BEAM
ION Beam INFN  IHEP  IHEP WALL

& ' BEAM  Trigger-Box
3 4 . - . e g — . +
Y - S 14 A(-x)

B(+x) Front table(up side) (#x) CALO table(up side)

Width of PSI
Table down baseline

N SR . . .

-3E

= ground
—4 - PAN->Trigger_box Beam_tube- Trigger_box edge Trigger_baox- SCD_INFN width SCD_INFN- SCD_IHEP width SCD_IHEP- SCD_IHEP-

- =Trigger_box utside width >SCD_INFN =SCD_HEP >PSD_IHEP >PSD_INFN
—5 3.50Tm 0.264m 0.005m 0.53m 0.117m 0.2648m 0.13m 0.177m 0.365m

—5 SCD_INFN- SCD_INFN- FIT->CALO PD_charge->CALO FD_charge width
>FITiside_E) >FITiside_C)
Y(Cm) 0.278im 1.5158m 0.35m 0.187Tm 0.034m

Beam Profile of SPS IONs
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Process of Beam Test Analysis

Raw data of beam test (muon, e, proton,ion)

!
Pedestal calculation and subtraction

v

Event selection

on beam

|

Attenuation Function Nonlinear effect ; Response of SiPM
|
|

\ 4
A

Birks’ Law

Hit position Charge reconstruction

» 1. Select the particles with different charges (reference detector SCD INFN, PD..)
» Calculate the PathLength and sADC/PathLength

» 2. Fit the distribution of PSD sADC/PathLength for different charges and get MPV
>

3. Fit the 2D plots of MPV and referenced charge, get the correlation function.
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Event selection: PD & SCD charge

PDcharge Z- SCD _Z
Data: All 1on data in SPS

|\l| - h_PD2 -
1. Both PD & SCD have signals & i Diries 4246195 i
p 60— Mean y 7.019 | —= 10
2. SCD area(-1.5<x<1.5, -3<y<1.5_g B Std Dev x 7.559 |- 3
O B Std D.j.—:fv_y’ _ 10.2 -
3. Chi2 of SCD track fit: <10 &2 I S y
a0 =
4. PD signal quality cut: - =
nPDConsistent==6 && - n
20 10
nPDAboveThresh>4 &&
casisTime>100
% 5 10 15 20 25 ‘

SCD_INFN_Z
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Event selection: coarse selection

PDcharge Z - SCD_Z PDcharge Z - SCD_Z

N 100 Entries h_PDi246195\ N h PD2
GJI C meanx 147 \ CD| B Entries 1058058 -_
9 80__ Stzalggvx ;g;g B 9 B mg:z; ?3153 — 10°
< - Std Devy 10.2 ] 60— Std Dev x 7.477 =
% C _(C) - Std Dev y 15.82 E
O 60— a - -
o C 10? o 40__ - 10°
40F i 5
20%- 10 20 Im
00_"5'"'10'"'15'"'20'"'25:"'é'd"é'é"hl"'h""'so 1 olped®™ 0 1
0 5 10 15 20 25
) SCD INFN_Z . SCD INFN Z
[ ] . _— —
Engﬁlgas PDcharge Z hPD Use three quadrajuc Entries PDcharge Z _
ewes et || function to describe aooof Eriies 1058068
100 suber oot} the band area. : s
e | In each point Z PD:*%%y
[Z. SCD-2,Z_SCD+2},.,fl
50 -
V. PD-0.5,7Z PD+0.5]
1000 |}
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Event Selection: fit of PD charge

PDcharge Z Z=21 N
n h_PD ) Entries 915687
. 2 o Entries 453642 . 2 Mean 20.76
b Mean 18.03 j‘:‘; | Std Dev__ 0.5682
a - Std Dev 1.19 =
800 %2/ ndf 2454/13 | 131000
L Prob 0.02653 |
Constant 835.6 +11.9
. . B M.ean 18 £0.0
» Use gaussian function to 600} Sgra___ 02581 0.0045 -
fit the mean value and I ool rl—'_”"L
sigma 400k i U
[ e oy eyl
B 20 20.5 21 21. 2
L 5Z_PD°-
16 17 18 19 7 PDZO PDcharge 7
PDcharge Z — » __NnPD
W h PD O Entries 453642
0 400_— Entries 453642 = Mean 57.85
= | Mean 27.95 + Std Dev 1.161
= I Std Dev 115 = 11 ndf 14.33/13
M i x2 I ndf 13.64 /13 aa Prob 0.3508
350 Prob 0.3994 150 Constant 139.6 £ 4.7
Constant 3555+£73 Mean 57.81+0.02
Mean 28.24 +£0.02 Sigma 0.4952 + 0.0619
Sigma 0.49 + 0.04
300_ JJ
i 100- I
250_
: PR B B B e
26 27 28 297 P30 56 57 58 597 pD®0

Quanyin Li (SDU) 7



Event Selection: fine selection

g_mean

= i .
» Events with charge up to 60 can be selected. i
« Z € [1,12]: Z SCD (manually)&& Z PD+-0.3; 40:_
 Z € [13,60]: only Z PD +- 0.3 201
e 7Z € [13,20]: only Z PD+-0.3 E
« Z =21, the peak is bad, reject this charge. % 0 40 E;% S
o Z € [22,45]: only Z PD +- 0.3 (peak of Z PD ) g_sigma ——
has about +0.2 offset.) _(%» 0.6:— St Doy ;
« 7 € [58,60]: only Z PD +- 0.3 (peak of Z PD i
has about -0.2 offset.) 0'42_
0.2_
% 20 40 80
PD Z
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Final selected events

Final event selection requirements: PDcharge Z - SCD_Z .
N
1. Both PD & SCD have signals n 80 B NP ._
(@) i Mean x 13.7 =
2. SCD area(-1.5<x<1.5, -3<y<1.5) I\S/lzag y 2129 E
c B td Dev x : ,
3. Chi2 of SCD track fit: <10 S - SdDevy 1589 3"
. . o 40 :

4. PD signal quality cut: B -
nPDConsistent==6 && - = i
nPDAboveThresh>4 && 20 N ;
casisTime>100 i -

5. Coarse selection o= 1'0 e 2'0 e T 1

6. Fine selection SCD INFN Z
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Alignment of detectors

10
X B Eniries : 58E708
- Meany 003285
5= Std Dev x 1.23?
Beam Profile of - S SWDovy 07457
B i e e St T G
PS Ion g SRR
SP5 lo of -
(reconstructed by . St
SCD_INFN) e
_‘l ﬁ B PO T T (T S T S T Y | il il s 1 | | i
-0 -8 -6 -4 -2 0 2 4 B 8 10
Y
PSDOch O —
O 1000F Entries 29086
()] B Meanx  —-0.001209
< Meany 276.1
5 P
Distribution of hits .
with the 5001~
requirement of i
PSD signals .
| L L L | |
0 -2 0 2

Hit position X vs SADC(PSD) psd_x
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1000

500

L=}

n
;

ATt ||||||-
3,

-2 -15 -1 05 0O 0. 1 1.5
Proiecti :X  bi : Y
rojectionX of biny=[20,1000] [y799..'§§chJQ|x_o_ -
1 3 Entries 29072
ﬂl‘ljll.ll Mean  -0.002557
Std Dev 0.6242
] ]
2 0 2
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Distribution of track

pathlen -
wn Entries : 92039
.S.:) 104E- :lfjagev 1.4463—:}05
H -
) C
a2 1035'
10? E
10
E . . Al
10 10.0002 10.0004
PathLength [mm]
kX h_kx
” Entries 337454
010° St Dev 00009425
o
=10
m 3
10
10?
10
1 L L L L L ! L L 1 L L L L L
-0.02 -0.01 0 0.01 0.02
Slope X

Distribution of track with the

events selected by SCD and PSD

ho

[Entries
Mean x
Mean y

1 | Std Dev x

- | Std Devy

10821
0.4597
0.1499
0.2878
0.2982

PSD 0

3 3 ol Ll .

2
PSD Y

Beam profile of the final selection
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Distribution of SADC/PathLength

PSDO ch 0 PSDO ch 4
GCJ 500: PP —————— . < 5001 . 102
» Data: Run 552 ~ = =" 2 S
: : T 400 1 = ol !
605 (gain of SiPMs & “F ——wo_— | § & % s T | -
@) B ean x . ] @) N 222 ; ' —
arc same.) <D( 300 §Za8 y 1225?% — 10 0O 300 'gtd Deyv X ?2213 = *
e SADC: the raw %) B Sid DEW 171 § <UE) C StdDedy 1718 i
sADC value of 200E : 200F .,
SiPM with pedestal 100f 11 ‘ 100[-
subtraction Hi il
il A . . . . , . \ C L 1 . . .
« PathLength: The % 20 20 60 % 20 20 60
pathlength of PD_2Z PD Z
] ] PSDO ch 5 PSD0Och 9
particle passing c 500 c 500 ! -
through the PSD, 2 . L= o ' .
- . . © R
calculated by the 8 400 1 & .
SCD track. 8 300 :_ Entries h0_5132358 . O 300 :— 3
< - Mean x 18.89 =0 < C =
n L Mean y 197.1 = 2/ - __h0 9 =
o oy a7 = 200F Veanx 1689 =
200 C td Devy 165.4 : C Mean y 19-2.1
r - Std Dev x 16.17 1
100F 1 100k Std Dev y 156
= { i
. L L L . | . . . | . . . |
% 20 20 60 % 20 40 60
PD Z PD Z
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Distribution of sADC/PathLength and Fitting

Z=2 Z=10

h 2 h_10
fiqd . = Entries - 843 [ Er:;i:s 27?1
Fitting function: [ 1938 i S
[ é:bndf 0741870 150 Prob. 08797
300 n 0.6929 + 0.1205 B &PV 02 ;:;%91
MIP template is defined by the analytic function L \ uey (2209 - p-0 1618 20020
B 70 24.17 + 39.87 B ¥_ +
T z—o B p_1 59+83 B p_1 383.9 +408.6
3 = N77 (2% 1¢ Bov) N(l — 77) Y1 (E=% te F171) L l 1 0.001476 £ 0.089988 100} Z;;Ie , oggggifis;ﬁz
f($|77a a,ﬁ,fy) = ———e€" oo + ——Fe’"hm 200+ |_scale v 1452 + 336 6 i | |_scal +
I'(70)Bo L(v1)B1 [ [
@ ‘ i A
7 is the fraction of the first component, « is the peak position, 8 and o l 50 [ '
~ are the shape parameters. This function is fitted to the MIP energy 100 L i ; l
. . . . . . JJ . r [ el
* Pre-fit the distribution with gaussion 0 20 20 = 035 o 5 e

function and get the coarse value of sADC/pathlen sADC/pathlen

R 30 R 50
mean. = Entries - 1218 = Entries 7163
394.9 M 479.6
° F 1 h d t b t th d 80 thaSev 1573 | 150 5 Dev 2015
1t the distribution wi rangc aroun i 2 14.93) 21 i 22/ ndf 9179/8
Prob 0.8265 Prob 0.3274
i n 0.7876 £ 0.0558 B n 0.7803 + 0.7598
h m 1 - |
. - MPV 385405 L MPV 478.7+0.1
t € coarse can value 60 B_O 30 £5.1 B0 20.71+25.19
. 7.0 0.2538 + 0.0274 B .0 6.797 + 18.722
° MPV 1S got B N B_t sas2x0087 | 100k B_1 1.269 +0.087
* L 1 1+1.0 y_1 1+0.1
B e y 2661+ 88.5 B “aale y 2107 + 42452
40 [ B J
: . - |
= 50 —
20 i

380 400 420 440 0==260 470 480 490 500
sADC/pathlen sADC/pathlen
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Result (PSDO chO, 4, 5, 9)

Current fitting function:
y p—
p0 * (1 —p3 xexp(pl * x)

— (1 —p3)exp(p2 * x)) + p4

A new function combined with

Birks Law, nonlinear of SiPM

and saturation of electronics will

be tested.

adc/pathlen

adc/pathlen

S
o
o

200

200

—
9 -
- R
—-—
8
Q 400}
Q
S B
1.869e+04 / 53 (4] 6.623e+04 / 53
Prob 0 Prob ]
p0 474.8 + 0.04678 p0 462.5 + 0.008315
pl -0.001144 + 3.61e-07 p1 -0.001497 + 2.544e-07
p2 -0.002473 + 1.819e-06 200 p2 -0.002283 + 5.902e-07
p3 0.393 + 0.0002294 p3 0.21+ 0.0002447
pd 14.06 + 0.04192 p4 26.11+ 0.009522
Il Il I Il Il I Il I I Il
20 40 60 0 20 40 60
PD charae PD _charge
(- B
Q
: e
©
o 400
—
(&) L
©
3773/53 (4] 6.111e+04 /53
Prob 0 Prob 0
p0 477 + 0.06204 p0 481.3 4 0.08317
p1 -0.001321 + 1.017e -06 200 p1 -0.001048 + 2.471e-07
p2 -0.02057 + 0.0002914 p2 -0.04814 + 0.0002542
p3 0.9424 + 0.0005093 p3 0.9449 + 0.0001224
p4 6.453 + 0.05569 p4 11.6 + 0.09476
1 L L 1 1 L L 1 |
20 40 60 0 20 40 60
PD_charge PD_charge
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Result (PSD1 chO, 4, 5, 9)

Current fitting function:
y p—
p0 * (1 —p3 xexp(pl * x)
— (1 —p3)exp(p2 x x)) + p4

A new function combined with
Birks Law, nonlinear of SiPM

and saturation of electronics will

be tested.

adc/pathlen
B
3
|

200

200

adc/pathlen
n
3
|

—
Q
-
©
o 400
—
Q
©
2.369e+05 / 53 (4] 4.689e+04 / 53
Prob 0 Prob ]
p0 498.7 + 0.7473 p0 464.5 + 0.06341
p1 -8.247e-05 + 3.129¢-06 200 p1 -0.001188 + 2.701e-07
p2 -0.001577 % 7.895e-07 p2 -0.001853 + 7.986e-07
p3 0.05833 + 0.001402 p3 0+ 1.3220-05
p4 -0.3058 + 0.03363 p4 17.12 + 0.05437
1 1 1 1 1 1 1
20 40 60 0 20 40 60
PD charae PD _charge
Q
o
©
a 400
—
Q
©
1579 /53 (4] 9.734e+04 / 53
Prob 0 Prob 0
po 473.8 + 0.09512 po 456.1 + 0.03328
p1 -0.001236 + 1.458e-06 200 p1 -0.001271 % 6.669¢ -06
p2 -0.01818 + 0.0002418 p2 -0.001271 % 4.586e -06
p3 0.9346 + 0.0005352 p3 0.4074 + 9.984e-05
p4 8.843 + 0.08756 p4 31.22 + 0.01945
1 1 1 1 1 1 1
20 40 60 0 20 40 60
PD_charge PD_charge
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Summary

» Several strict cuts are applied to select events with precise charge.

» Channel 0.4,5,9 are used to fit the nonlinear function.

» New function combined Birks Law, nonlinear of SiPM and saturation of electronics will be tested

for the final function.
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sADC/PathLength (Z=1) in CH 0 and 4

Channel 0 Channel 4
Z=1

Z=1 =
= Entries 57
: [ 21 Mean 44.86
[ Entries 57 - Std Dev 19.07
2 Mean 31.29 B X2 / ndf 0.9713/39
- Std Dev 15.24 Prob 1
| X2 / ndf 0.9312/32 B n 1£0.7
B Prob 1 B MPV 70.92 +£202.08
[ n 7.401e-05 =nan 1.5F BO 29.23 +18.23
15k MPV 14.46 £nan - Y0 82.73 +43.53
O BO 29.94 £nan L B_1 103.6 £291.2
. \é_? l ggg :2:: B YA 0.1057 +0.5056
. 8+ 9
B v 0.004129 +nan B Lscale y e
- scale y 547.2 £nan_| 1
- 7

0.5F

20 40 60 80
sADC/pathlen

0= 20 20 60
sADC/pathlen
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Introduction of PSD

» Geometry of PSD:

Two PSD assembled

Framework: nylon66

Size:45cm * 1 cm * (3 ~5 cm)

PSD is covered by ESR film (65 nm).
Ten SiPMs on each PSD

6 chs with high gain & 4 chs with low gain
- "

5$14160-6050

S

513360-6050 513360-6050

High gain
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>

etup and data of PS

Run summary (position: movement along X, central pos 150 mm):
* Muon (5 GeV) in position: 0, 75, 150, 225, 300 mm
e Electron (3 GeV) in position: 75, 150, 225 mm

Limit of PSD movement

e Electron (1, 2, 3, 4, 5 GeV) in position: 150, 225 mm

* Pion (10 GeV) in position: 150 mm SCD  PSD-IHEP PSD-INFN [T CALO BEAM
WALL
TRD
PS Beam iqer-

3 5g " BEAM Trigger-Box
S 4F ] +
> ) -
--- :i: ————————————————————— — = === - .l:'l.l:.-_)(:l

2 :

: B{+x) Front table(up side) Cl+x) CALO table{up side)

Table down baseline

[ ) [ [ )

ground
TRD- TE- SCD- PSD{IHEP)- PSD{IMFN]}-
Y(Cm) TB width S5CD width PSD(IHEP) width { ) PSD{INFN]) width ( } FIT width FIT->CALD
=TB =5CD =PED(IHEP) =PSD{INFMN) =FIT
2.018%m  0.3625m 0.343m  0.12m 0.365m 0.02m 0.2247m 0.08m 0,3040m 0.2710m 0.4016(0.4027)m
Beam Profile of PS

Quanyin Li (SDU) 20




Setup and data of SPS

» Run summary (position: movement along X):
*  Muon (150 GeV) in position: 0, 30, 60, 90, 120, 150, 180, 210, 240, 270, 300 mm (no SCD_INFN as reference)
*  Muon (250 GeV) in position: 285, 255, 225, 195, 15 mm (no SCD INFN as reference)
* Electron (197.27 GeV) in position: 300, 195, 65, 75, 45 mm

* Proton (300 GeV) in position: 15, 285 mm
* Electron (243.48, 149.12, 49.99, 99.83, 20... GeV) in many different positions
TRD  SCD  PSD-HEP  PD-charge CALO BEAM
SPS Beam WALL
. [ Tugger Box
. = . I D(-x)
| _
: . : B(+x) Front table(up side) Cl+x) CALO table(up side)
|
| |
I

Table down baseline

o [ [ ]

ground
. TB(edge)- . TRD- . ) PSD(IHEP)- PD{charge)-
T - .
B P fl f SPS B width ~TRD TRD width ~5CD SCD width  SCD-=PSD(IHEP})  pSD(IHEP) width SCALOD PD{charge) width LA SCD->CALO
eam rO 1 e O 0.3825m 0.535m 0.23m 0.80m 0.12m 0.253m{inaccurate) 0.02m 0.442m(inaccurate) 0.024m 0.166m 0.7193m(accurate)
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Setup and data of SPS IONSs

» Run summary (position: movement along X):

PSD PD

* Hadron (330 GeV/n) in position: 150 mm (center)
SCD SCD  PSD ey FIT CALO BEAM

ION Beam INFN  IHEP  IHEP charge WALL

BEAM  Trigger-Box
107 — - +
N A(-x)

r I
! I
[+ ) #x)
1 1 B(+x) Front table{up side) x) CALO table(up side)
I 10 I
! I
! I
| I )
I | Table down baseline
| I ® ® o
1
ground
PAN->Trigger_box Beam_tube- Trigger_box edge Trigger_baox- SCD_INFN width SCD_INFN- SCD_IHEP width SCD_IHEP- SCD_IHEP-
>Trigger_box sutside width =SCD_INFN =SCD_HEP =PSD_IHEP =PSDO_INFN
3.50Tm 0.264m 0.005m 0.534m 0.117m 0.2848m 0.13m 0.17Tm 0.365m
SCD_INFN- SCD_INFN- FIT->CALO PD_charge->CALO FD_charge width
>FITiside_E) >FITiside_C)
0.2784m 1.5458m 0.35m 0.18Tm 0.024m

Beam Profile of SPS IONs
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SCD 1impact rgion

Get MPV for each Z

event selection:

1.has signal on PSD & SCD
2.SCD_chi2 <10

3.cut ped(over 3*ped_sigma)
4.SCD_impact:-2<X<2, -3<¥<1.5

| Entries 586708
- Mean x —0.4942
- Mean y 0.03285
5 Std Dev x 1.277
- : Std Dev y 0.7457
L &
0 - o
: R Ty T, e
_5 —
_10-\..I...I...J | | I 1 | I

data: ion run 622,add cut 1,2

sADC/pathlen

Quanyin Li (SDU)

PSDOch 0 | R
5001 Entries 473114 |
— Mean x 15.25
- Mean y 266.3
4001~ SDevy 184
300 o
200
a 10
100 h
0 — 4 3 il v | . N 1 L PR R [ T TR T 1
0 10 15 20 25 30
scd_infnZ
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Aligment of detectors

pathlen

np
Entries 4437441
Mean 10.05
| Sid Dey 0.2694

PSD O

> 2r Entries - 10821
| L Mean x 0.4108
(| L Mean y 0.1472
(¥)] - Std Dev x 0.4389
o 1 __ Std Dev y 0.312
- 1L E
10 15 20 25 o "
) PathLength [mm] -
X R kx =
nn Entries 4437441 L
q_)1 06 Mean  —0.0006778 - 102
. C Std Dev 0.07399 o
. N R RN R TN R
23 2 = 0 1
PSD Y

Beam profile of the final
selection
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PDcharge Z

20

15

10

PDcharge Z - SCD_Z

h PD2
Entries 1058058
| Mean x 8.908 |
B Mean y 9.545
|| Std Dev x 3.473
B Std Dev y 4,751

1|5
SCD_INFN_Z




PD Z

peak offset

PDcharge Z - SCD _

N 15F A 10°
| | h_PD2 T - - el N .
() N Entries 337454 -8 ]
O i Mean x 7.57 m —
S Meany 7.765 ]
c B Std Dev x 3.092 - |
8 10— Std Dev y 3.557 — 10
- r '| =
= - 1 3
B a3 -
= i |
5+ (L) — 10
— s
— L i
— Wi
i LL | | |
0 5 10 15
SCD INFN Z
PDcharge Z
h PD
B Entries 337454
L M 6.486
6000 B StZaSev 2.344
4000—
2000—
| |
% 5 10

PDcharge Z- SCD_Z

NI 15— h PD2
O = Entries 1058058
(@) - Mean x 4128
bast B Mean y 3.766 10°
@© StdDevx 2602
-S 10 '_ Std Dev y 2.862
()] B
o = 10°
5
- 10
0 i | | 1
0 5 10
SCD_INFN_Z
PDcharge Z _
300001~ ues 1058058
| Std Dev 2.792
20000
10000
i [ . I |
00 5 10




psd adc-PD_Z

500 PSDO0O ch 9
c "
iCJ 500 chigdnl "“*Eiigﬁgiéiﬁ?@wam:a; %J E 0
T 400 g 400
8 | o -
%) | h0_0 Q - —
A 300 Entries 440346 0O 300 0
< Mean x 17.84 <C C
2] It Meany 251 (7)) B
200 o 2{383; 1?242 200[ B
L i § | Efies 210375 1
100 toogiifIII e e
mﬂ o v StdDevx  15.49
| | 0 ég,,.zﬁ = . L . . | StdDevy _146.7
% 50 60 0 20 40 60
PD Z PD Z

All lon run run after 552



Attenuation

» SiPMs ofch 1, 2, 3, 6,
7, 8 (type:6050) are
able to calibrate the
attenuation function.

» SiPMs of ch 0 and 5
(type:3015) are also
could be used for
calibration in such
gain.
» SiPM of ch 4 and 9
(type:1315) can not be

used for calibration.

MPV_ADC

200

600

MPV_ADC

1 400

PSD1L_Ch1 sADC[O][0]
PSD1L_Ch2 sADC[O][1]
PSD1L_Ch3 sADC[0][2]
]
]

. & & »

PSD1L_Ch4 sADC[0][3
PSD1L_Ch5 sADC[0][4

\\‘\«_

N SEEEE EE NI EEEEE F RSN RN SN AR '
-50 0 50 100 150 200 250 300 350

Position(mm)

N
o
o

200

PSD2L_Ch1 sADC[1][0

PSD2L_Ch2 sADC[1][1

PSD2L_Ch3 sADC[1][2
Il
Il

. = = =

PSD2L_Ch4 sADC[1][3
PSD2L_Ch5 sADC[1][4

]
]
]
]
]

\“”ﬂw

—
1 1 1 1 1 1 Liais

T P
-50

AENEEE RN RN EE RN RN EE NN '
0 50 100 150 200 250 300 350
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Distribution of ADC EREE _,
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Distribution of ADC
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Pedestal calculation and subtraction

Run

» The pedestal is calculated with calibration runs (RN: Pedestal of 20 SiPM
82,83,94,98,101,227). PSD PSD
g 2 se, . 920;_: o -
» The distribution of ADC in each channel is fitted with Gaussion 9207, . . 915-
9152 **. 9100: .
. E Run|205 r Run{205
Function. 910 O 905
O E E’ ad -
: : Q905E, s, .| Q9007 ..
» The gains of small SiPMs are changed from run 205. <g00r < a95t £
| sosl [+ e : [T
» Use different pedestals for run <205 or run>=205. C| e 1Lcr2sADolo) 890 | |5 cuasanciorm
F | * 1LCn3sADCIO)2] E | » 1R_ch4 sADCIOE]
890 « 1L _cha sapcpolpl 885=| © in chs sapolo]
h1 885: 1L_ChS5 sADC[0][4] S s N I A S B R
o p— . = o b by b by e by | PRI
= e Entries 27930 80 100 120 140 160 180 200 220 80 100 120 140 160 180 200 220
=R ) LN Mean 914.3 Run Run
- / L1 Std Dev 4.884
1 & PSD PSD
i L Constant 2337 +£18.5 _ -
f. y Mean 914.4 + 0.0 Ca ot ® 2L Chi sADC{1][0] 920?: e « 2R_Chi sADC[1]5] °
’_F h‘-‘ ‘ R B ¥ N 920 - @ 2L_Ch2 sADC[][1) : . & 2R _Ch2 sADC[1]6]
10° [f v Sigma 4.719 £ 0.024 7 e 2L Ch3 sADC][2] 915;1' . s 2R Ch3sADC[]7]
Jlf ‘“ C s 2L_Ch4 sADC[1][3) C ® 2R_Ch4 sADC[1](8]
f’ ‘ﬂ 915 = 2L _Ch5 sADC[1][4] 910 Ce oo, 2R_Ch5 sADC[1]9] .
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10 f Q [ °-. « | 2905
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ADC Run

Example of fitting.
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Event selection by SCD INFN

» Tracks reconstructed by SCD_INFN need to be selected to have good qualities. > Distribution of hit P osition with:
» Define regions with the X and Y reconstructed by SCD_INFN: e Chi2/ndf< 10
* Core: Region -2.5<X<2.5 && -22.5<Y<22.5 (cm) * ADC of 6 large SiPMs > 200
PS SPS
* Side: Region out of core g 30p svents ?Vents 4
o L 10
» Distribution of chi2/ndf (SCD track fitting result) is drawn. <2 3
10F 10° 10
» Events will be selected with requirement chi2/ndf<10. £ #""-";: -
» This cut will be used to improve the result. (not used now) _105_ _hh“"'*"“" e 10
§ _20; _20;_ - - 10
EEUUDG g.()dI.e _3—03:0. P :—210. P .—110- PRI (l) PR .1IO. P -2l0. P ..30 1 —3%-0' At .—2IO. At '_1I0' — (I) S '1I0' o '2|0' o '30 1
40000 impact x
I
30000 £ a0000f
2 25000 .
20000 20000F- Alignment along X
150005— axis run by run to
10000 10000F- improve the result.
5000
0 1 1 3
R ’ ? : ° ° L S S T
Log,,(chi2/ndf) X/cm
Distribution of log10(chi2/ndf) in cote and side Distribution of SPS hit position in X axis.
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Nonlinear eftect

> Nonlinear effect is studied with SPS ions.

» Channel 3 and channel 8 are not used in SPS ion runs.

» Requirement of SCD track: -3<Y<3 && -1.5<X<1.5

» Fit the Low-Z part with linear function f1 channel 0

70

channel_0 60

YADC

50

10°

40

|
>—F3EI

20

ADC

TProfile

.IIII|.II.IIII

10 . . |

e b v o v o 04 5 4 5 1 4 5 4 5 1
5 10 15 20 25
scdtrack_INFN_particleZ

20 25 30
scdtrack_INFN_particleZ

» Simply evaluate the nonlinear effect of SiPM in a

Sqrt(ADC) vs Charge from SCD specific hit position (center).
» Effect of both Birks’ Law and Nonlinear of SiPM
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Bottom level reconstruction of ADC

ADC value of SiIPM
v

Pedestal subtraction

! channel 0

Assume the saturation is only correlated 70
with SiPM nonlinear (approximation) 60

\ 4

Correct the ADC: ADC
- unsaturated l
ADC (fl)

50

Hit position from

other detector 40

YADC

30

\ 4

Correct the ADC with attenuation function )
A 4 1 D i l

20

\ 4

.II.II.IIlIII

P T L " |
Original ADC > 1D ™ > %
rigina scdtrack_INFN_particleZ
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Preliminary result of nonlinear effect
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Limit of PSD movement
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Charge/hit position reconstruction

» Process of charge reconstruction (without the measurement of SiPM response):

Construct the relationship between mean value of original ADC vs SCD Z (based on 1on beam)

Reconstruct the charge of a single S1IPM with the reconstructed original ADC

Averaged charge of the 8 SiPMs (part of S1PMs, based on high Z or low Z)

» Study of hit position reconstruction:

ADCopqy  F(L1)

= where ADC is the corrected unsaturated ADC, F(x) 1s attenuation function and

ADCche F(L2)

L1+L2 1s a constant.

Hit position could be reconstructed by a pair of SiPMs.

Average of 5 reconstructed hit positions.

0 mm

150 mm
*x

L1

Limit of PSD movement
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Tracks projected to the Z position of SCD
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The events within the red square represent fragmentation with low velocity or high charge, and they are deflected by the magnetic field (pan).
The events within the blue square are particles from the original beam.

To obtain pure beam particles without fragmentation, we can select events in which only the deposited energy is high because fragmentations, to
have the same high deposited energy, must either have lower velocity or larger charge. In both cases, when under the influence of the magnetic
field, the curvature of their trajectory becomes greater (smaller radius), and they no longer enter the activated area of the trigger box.

Quanyin Li (SDU)




Events with the deposited energy increasing
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Event selection by SCD INFN

» Definition of region:
* Core: Region -2.5<X<2.5 && -23<Y<23 (cm)
* Side: Region out of core

» Events will be selected with requirement chi2/ndf<10.

Distribution of log10(chi2/ndf)
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Function between photons and charge

channel_0
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» The response of SiPM: ERNE Eriries 648523 |
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i ¥ vy B.719
» Convert ADC to number of photons sof | SidDevy 2248 bo
. . ) mf ; 1400
» Correct the number of photons with attenuation function = 1200
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Hit position reconstruction

» Hit position reconstruction:

. RI(ADCch1) _ w, where R’(x) is the inverse function of SiIPM
RI(ADCche)  F(L2)

response, F(x) 1s attenuation function and L1+L2 is a constant.

ADCchy _ F(L1)

= could also be used.
>ADCone  F(L2)

 IfADC is not saturated,

* Hit position could be reconstructed by a pair of SiPMs.

* Average of 5 reconstructed hit positions.

0 mm 300 mm
L1 A 1 m

40 1 2 3 . 1 8 7 6 5 0

Limit of PSD movement
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Processes of PSD Reconstruction

ADC counts for single ADCO&ADCI from Non-linear function of
photon: spe_adc = adc/PE two ends of PSD SiPM SiPM func2

ADCO _ funcl(x=x,) ADC counts of ADC counts with the correction of func2 Energy deposition
ADC1  funcl(x=L-x,) MIP: adc tmp adc= func2'(ADC/spe adc)*spe adc of MIP: Ey;p

Energy deposition with func2 Light attenuation funcl
EO =tmp_adc*E,,p/adc

A4

Reconstructed Energy deposition with funcl

Path Length L E, .= E0[0]/func1(x,)+EO[1]/func1(l-x,) Birks law

r
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