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- 32 sectors for both outer HCal (oHCal) and inner Hcal (iHCal).

- One oHCal sector has 10 scintillator slots. An iHCal sector has 8 scintillator
slots.

- Each slot is filled with 24 tiles along z. Tiles have different sizes and shapes
to be projective in n.

- 48 towers in one sector. One tower has 5 or 4 tiles. There are two lines of

towers in one sector.
- A silicon photomultiplier (SiPM) is installed on each tile. All 5 or 4 tiles’
SiPMs in the same one tower are read out together.

Test orientation for outer HCal Test orientation for inner HCal
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Cosmic Muons Data Collection

For a single cosmic muon event we collect Energy = Peak — Pedestal. The energy threshold is 100 ADC (oHCal).

1 South end - nNorthend®

Events cut:

1. Vertical tower cut: the vertical two-towers pair both have signals.

2. Neighboring tower cut: the 4 neighboring towers have no signal.

3. Energy difference cut (iHCal only): signal is not smaller than vertical pair tower’s signal — 150 ADC.

GOOd event: Bad eventS: test_00008018-0000.ro0t adc{111] eventnumber == 2
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Events Cut Results

. a S0 @ 250
- One-hour cosmic run for oHCaland 5 - . S
iHCal. 2500 — S0 vertical cut
. . [ vertical + neighbor cut
runs together to get enough events. - =
1500 — r
E E,r‘\,ﬁ 100:—
- 3-tower cut to verify the cut: tooor- ol -
Place an extra tile beside a particular .l | 50—
. . - g I=
tower and use this tile and the tower 3w F | l il | , |
. . . 0 licehe oy iy L e S S S W Fonedi el 0 il fe oy TR Ry, lonlsfom oo d o ol KAEITE, |
on the other side to get coincidence. ° 500 1000 1000 20 e ° 50 1000 1000 0 e
oHCal cut result (1 hour). iHCal cut result (1 hour).
- The peak after 3-tower cut and is 5 & [h raw_vert veto 26 0 | h_raw_vert_veto_26_0
. . . 5 1200(— Entries 25240 § 1200— Entries 22813
very similar with our cut. (< 1%) 8§ L Mean wisoomes | 8 [ Mean 359.4 + 09826
1000— Std Dev 155.11 0.6905 10001— ' Std Dev 148.4 + 0.6948
: 12 / naf 1275/37 B ©/ ndt 111.3/37
B Prob 7.027e-12 - r
800 PO 29021 800/— ::oob 29229??2
Extra tile : P! 162+35 - p1 1718426
/ oo p2 51.17 + 1.47 eooj p2 51.26 + 1.32
; p3 2.3220+05 = 15490403 : p3 2.175e+05 £ 1.509e+03
o \ 400:—- 400:—
\ - e 20l
_ W : M i
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3-tower test orientation The same tower after vertical + neighhor cut & after 3-tower cut. (oHCal)
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Fitting the towers’ deposited energy distribution

h_raw_vert_veto_7 (1-S-B30-L, 8081)

Peak finder algorithm:

1) Rebin the original histogram (Width: 10 ADC - 20 ADC).
2) Do function Smooth() twice. 1000
3) Use peak finder (TSpectrum()) to find the peaks. 0
4) Find the highest peak within the range 100 ~ 1800.

h_raw_vest_veto_7_peakfind

¥
Entries 35876

Counts

1200
Mean 401.1

Std Dev 177.6

600

400

Peak fitting:

1) Fit with Gamma function + Linear function.

2) Using GetMaximum() algorithm to get the maximum of the
whole function.

200

/S S NN T R M = SO S S S SO S S T T IR
'] 500 1000 1500 2000

ADC
Peak finder result for an oHCal tower
h_raw_vert_veto_7 (1-S-B30-L, 8081)

0

3) For oHCal: Only fitting the peak range between peak-finder’s I e TP

result — 50 ~ peak-finder’s result + 200. For iHCal, the range i / e o

is similar, but alternates corresponding to the rough peak. 1000} e

00— T

. N m_u  _ z—u a S
Gamma function: f(o)= —————~(@—u) 7 e 7 o
(mo u)[g 7+ C
N . 400:
_ *N(IEH)TH—T 200—
(ﬂ'r:()—?.[ |9 0_‘ - N - |
0 500 1000 1500 2000
ADC
m==) Get the most probable value (MPV) from the fitting ---- this Peak fitting result for an oHCal tower

is our calibration object from cosmic ray.
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Performance Ratio (PR) correction on the tower’s MPV spHE@

Performance Ratio Correction:

- With the same tile shape, the tiles have different performance. The PR is measured separately for each tile
shapes. (measured by GSU)

- Each tile’s PR is the ratio of measured output to the expected output.

- Tower’s PR is mean value of the tiles in it. For most of the towers, their tiles have similar PR.

MPVy,
MPVpg corrected = Taw

15 13
& £
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13 —35
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Tile shape Tile shape

oHCal PR distribution for each tile shape iHCal PR distribution for each tile shape
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Temperature correction on the tower’s MPV

Temperature Correction:

- The SiPMs have different performances at different temperatures. Higher temperature intend to give a lower
result. We take 26 Celsius as a standard to do the correction.

- Temperatures of each tower are output at the beginning and the end of each one-hour run. We use the mean
temperature of these two output and of all 48 towers to do the correction.

AMPVvs. M
. > 40 ~a = —8
For oHCal, Temperature performance ratio (TPR) =1 — s 4
“ —
(Temperature - 26) * a 3 !
_ MPVgay . N
MPVTemp corrected = " mpp 25 g "

peshans . 5

To get the parameter a, use two runs for the same sector, and 20-|a@ 003825 2 0.0006083 ; :

IT‘I]TTIIII'H].I”II.‘IIZIIH]TIIrIHHfHIAIYIH

use the difference to get it. 15 —¢
MPV = MPV, - |1 — a(T — 26)] 10 3

MPV, — MPV, = a - [MPV,(T, — 26) — MPV,(T; — 26)] 5
2

\ Y ; \ Y ; .
AMPV M 5 1
10006800 600 400 200 G200 400 600 800 1000 °

oHCal: a =3.83% M
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Temperature correction on the tower’s MPV SPHE

For iHCal, the temperature range is much larger, from 16°C to 31°C, and the parameter « is actually different with
different temperature. And because iHCal doesn’t have enough events in one-hour runs, we use mean to get «.

Mean = Mean, - [1 — acp (T — 26)] o Temp distribution o
The changing tendency of the parameter «. 3“’°°? st 2780t

a =-0.000111 * T A2 + 0.00740 * T — 0.0637 s
20005—
So, the temperature correction for iHCal is: :ZZ:
r sooé

TPR=1- / (—[.].(][.][.]111.“152 + 0.00740x — 0.0637)dx N = T ‘JL il

. 2 6 6 18 20 22 24 26 28 30 32 T@:mp

MPVy,
MPVTem'p corrected — TRCLW

alpha

And for iHCal, the temperature correction is done before adding them
together and the fitting.
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Sectors’ Mean MPV distribution

The mean of the all 48 towers’ MPV in each sectorare = *° B
shown in this distribution. The x-axis is the sector = 240/ R
number from 1 to 32. The y-axis is the mean MPV - ! { 1[ | } { } i
which doesn't start from zero. This distribution shows B ’ Py b | } *
the general performance of each sector. (Error bar is ool ! !
RMS / Sqrt{#Tower}.) m
310 — | % {
For iHCal, there are two points for each sector that - { }
the left one means the south part, and the right one /1*3"7{ e { -
means the north part. Not start from 0 ° 0 " = % * sootor
§ - Vop = 67.04
Sectors 30 ~ 32 in oHCal are chimney sectors that R vy
have smaller size to leave space for the magnet. - | e
- TR
Sectors’ mean MPVs are separated into different 440 — { | - f H i
groups by their operating voltage. (2 main groups in 420:_ { ﬁ !
oHCal, 6 groups in iHCal). - '
400:— ; %
May apply bias voltages to bring them back to the -
same level. 3801) T T I

Sector
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Summary

- We used a set of event cuts to efficiently select muon events.

- We developed a reliable fitting method to get peak position.

- With GSU group’s measurement, we did the performance ratio correction.

- We figured out the suitable temperature correction method to eliminated the influence of temperature.

- The cosmic calibration results will give reference for the online monitoring. (what’s the subject for the
next talk)

- All the sectors of both inner & outer HCal are tested and every channel works well!
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oHCal fitting examples:

HCal fitting examples:

Counts

Counts

1400

1200

1000

800

600

400

200

h_raw_vert_veto_7 (23-S-B30-L, 00011326)

IH“H|II\|HI|I\I‘1H|\I\|H[

v

h_raw_vert_veto 7 _peakfit

Peak(ADC)

y-intercept

37242

3725

167.5
39.84/20
0.005229
3291+ 6.0
2484 + 36.8
43.68 £ 6.59
1.236e+05 + 8.406e+04
1543 + 959.6
—2.549 + 1.688

(B,

S,

o

500

| 1
1500 2000

ADC

600

500

400

IMHI‘I[II‘HII‘[

300

200

100

IHI}HH'H

h_raw_vert_veto_37_peakfit

Entries 22137
Mean 5125+ 1.763
Std Dev 262.3 + 1.247
%2/ ndf 22.47 /29
Prob 0.8003
Peak(ADC) 434.3+3.8
Shift 2901415
Scale 38.75+11.60
N 5.024e+04 £ 6.665e+03
y-intercept 588.2 £ 67.3
Slope -0.638 £0.114

S W | R

1500

2000
ADC

Counts

Counts

h_raw_vert_veto_9_peakfit
: Entries 35952
1400—
- Mean 377.3 £0.8722
1200— Std Dev 165.4 +0.6167
- %2 / ndf 25.11/21
1000 — Prob 0.2423
C Peak(ADC) 321.6+1.9
800— Shift 203.2 +18.1
r Scale 50.29 +9.35
600 — N 2.788e+05 £ 2.1026+04
- y-intercept 60.74 + 60.41
400—
= Slope —1.494e-06 + 3.486e+00
200—
0 C ‘ 1 1 ‘ 1 1 1 il ‘ 1 | L 1 1 1 ‘ L
0 500 1000 1500 2000
ADC
_ h_raw_vert_veto_7_peakfit
C Entries 22560
500 — Mean 558.5 + 1.847
- Std Dev 277.4 + 1.306
C %2 / ndf 34.63/30
400 —
— Prob 0.2562
C Peak(ADC) 468.8 6.0
300— Shift 87.68+116.70
r Scale 29.76 £10.90
e N 8.927e+04 + 2.3980+04
n y-intercept 3454+ 1133
C Slope -0.318 +0.137
100—
0 C ‘ 1 | 4 & [ el Tl |
0 500 1000 1500 2000
ADC
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Distribution of all towers” MPV in oHCal with tile shape B21

# of towers

# of towers

Distribution of MPV with tile shape B21

hist_mpv_dis_B21

— Entries 128
25— Mean 329.1
- Std Dev 28.47
20—
15— -
10—
C o o [0 S Some o SO S WOF SO R e, | [ VI
900 250 300 350 400 450 500
MPV
Distribution of MPV with tile shape B21 (Temp)
hist_mpv_distemp_B21
- Entries 128
— Mean 339.1
o5 Std Dev 22.51
20—
15— [
10—
5
B ]y (e e |, ) S T A |
900 250 300 350 400 450 500

# of towers

# of towers

Distribution of MPV with tile shape B21 (PR)

hist_mpv_discor_B21
25— : Entries 128
L 3 Mean 329.4
- ] Std Dev 26.17
_ i
20— \ }
15—
10/—
51— P
[ 0 0 0 o | [ RN e | [ T T S
800 250 300 350 400 450 500
MPV
Distribution of MPV with tile shape B21 (PR+Temp)
hist_mpv_discortemp_B21
30— : Entries 128
— i Mean 339.5
- Std Dev 20.2
25 :— l
20— i
15—
10—
5
a l 1 ‘ L 1 I 1 1 1 1 | 1 1 1 ] l 1 1 1 1 I L 1 1 1
900 250 300 350 400 450 500
MPV




Distribution of all towers’ MPV in iHCal with tile shape Z1 & 72

Distribution of MPV with tile shape Z1 (Temp)

# of towers

# of towers

hist_ mpv_distemp_Z1

Distribution of MPV with tile shape Z1 (PR+Temp)

hist_mpw_discortemp_Z11

- Entries 128 £ a5 Entries 128
35— Mean 449.9 H = Mean 4495
= StdDev  37.19 = F StdDev  28.61
25— 25—
20— _U =
15— 15— -
10— 10—
5 L 51—
= C | i
) T S A I B A I A D T T T ) I T T T T T S S BRI i ) N O T T I I
0 200 300 400 500 600 800 0 400 500 600 700 800
MPV MPV
Distribution of MPV with tile shape Z2 (Temp) Distribution of MPV with tile shape Z2 (PR+Temp)
hist_mpv_distemp_Z2 hist_mpv_discortemp_Z12
30— Entries 128 5 30 : Entries 128
- Mean 4215 2 — Mean 421.4
- Std Dev 38.43 -E : | Std Dev 3.7
- | = 25 — -
- - M1
: - !
20— 20— ‘
15 15— |
10 __ 10 -
5— 51—
0_|||||||||||||||||||||||1|||||||||||||| D_IIII|I|II|IIIIIIIIIliIII|IIII|IIII|IIII
1] 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
MPV MPV



Count

Distribution of all towers’ MPV in oHCal and iHCal.

o hist_mpv_all § = hist_mpv_all
— ., Entries 1536 Q -~ Entries 1536
= : (&) I
= — Mean 3197 160 Mean  428.1
- Std Dev  37.98 [ Std Dev  46.26
160 — = -e
= . 140 - = ’
1401 120— \T
120 {— =
E ] 100— é !
100 { [
= ‘E 80—
80— l 3
= i 60—
60— T B
o ; 40— ]
20— - 20 -_.—
:lnnllnnlnllnll|lnltlilll|n-ltl :|;14!]’111111111]111111111[1115“.4.|
200 250 300 350 400 450 500 250 300 350 400 450 500 550 600
MPV MPV
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Count

- _temp_dis E - | _temp_dis
S Entries 1536 8 1a0E Entries 1536
o Mean 26.57 — Mean 24.36
L Std Dev  1.396 — Std Dev  2.809
250 — 160—
- 140—
200— -
N 120—
15{]__ 10'0:—
- 80—
100{— 60—
- a0
50_— —
- o P_I_|_|_\—r
[}_|||||||-||||||||l|-|-|||||| RN R T B [}:||||||.||||||||||1|.|.||||_|"‘||||||.|||
16 18 20 22 24 26 28 30 32 34 16 18 20 22 24 26 28 30 32 34
Temperature Temperature

oHCal tower’s temperature distribution iHCal tower’s temperature distribution




Error Calculation:
For run-by-run temperature correction, the corrected MPV only need the PR correction in calculation.

MPV,
MPV orrected = #
Error propagation:
SMPV, MPV, <5MPVT“W>2 + <6PR>2
= * _— S
corrected corrected MPVraw PR

with 6PR = 0.01.

Note:

1. luse the error of Gamma function’s peak from the fitting instead of the peak of Gamma function + linear
function’s peak, which is find by using GetMaximumX().

2. Do not involve the temperature error.



Sectors’ Mean MPV distribution for oHCal: (error bar is the error propagation results with the errors of PR, temperature,
and fitting.)

2 = ——Vop = 67.48
= =
= :  Vop = 69.33 |
340 —
330— | 4 | ¢ | Tl !
320 —
31 0 :— L ! »
300[— ¢ 1]
_| | | | | | | l | | 1 | | | | | | I |
0 5 10 15 20 25 30

Sector
Sectors’ mean MPVs are separated into different groups by their Vops.



Sectors’ Mean MPV distribution for iHCal: (error bar is the error propagation results with the errors of PR, and fitting.)
There are two points for each sector that the left one means the south part, and the right one means the north part.

Mean MPV

500

480 —

460

440

420

400

380

Vop = 67.04
—— Vop =67.18

Vop = 68.24
—— Vop = 68.83

Vop = 67.86
—— Vop =68.08
—— Other Vop

Q_||||‘||I‘||

5 10 15 20 25 30
Sector

Sectors’ mean MPVs are separated into different groups by their Vops.



