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Overview - Set A

o time: CAEN Full set A: Vo, = 45 V
. tshape = 87.5 ns, hold-delay = 0, age = 50, arg = 50 , Sept 7, 1:48 - 21:54
7.9.2024 1:48 - v
e ) Calibration sets:
7.9.2024 21:54 4 table position | (5,0) .0) ped
. runs 244 250 271
° Vop =45V, " ot events 96K 96K 101K
Vbr = 38.3 V gna  TUNS 282 283 277
tot events 100K 101K 103K
Q tshape = 87.5 ns Electron set (0,0):
. i E 1 GeV 2 GeV 3 GeV 4 GeV 5 GeV
o CAEN gain settings: R 251 252 254 257 258
_ _ tot events 25.1K 25.1K 34.5K 36K 34.6K
aHG = 507 ae = 50 Hadron set (0,0):
9 I Wlth Iarge E 3 GeV 5 GeV 8 GeV 10 GeV
. . . he runs 261 264 265 269
scintillator triggers ot events 100.5K 96.7K 96.7K 100.3K
_ + . E 5 GeV 8 GeV 10 GeV 15 GeV
o e~ and h™ with small b s 270 272 274 275
SCI ntl | |at0rs tot events 101.2K 101.4K 100.2K 100.4K
F. Bock (ORNL) LFHCal June 16, 2026
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pedestal, Run 271, V4, =45.0V
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Muon calibration - Set 1: Pedestals
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Muon calibration - Set 1: Pedestals
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Pedestal for all readout units set to 50 ADC

Readout units 6 & 7 behaving significantly
differently for all runs, pedestal around 150
ADC

No loose cables found or and cables were even
swapped

Fitting converges for most cells
HG & LG pedestal strongly correlated for RO
1-5& 8
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pedestal, Run 277, V4, =450V
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Muon calibration - Set 2: Pedestals
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Muon calibration - Set 2: Pedestals
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O Readout units 6 & 7 behaving significantly
differently for all runs, pedestal around 150
ADC

@ No loose cables found or and cables were even
swapped

O Fitting converges for most cells

0 HG & LG pedestal strongly correlated for RO
1-5& 8
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Muon calibration - Pedestal Comparison
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Muon calibration - LG-HG Correlation -Set 1 ePI@
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Muon calibration - LG-HG Correlation -Set 2

T
row 1 col 0

F T
F rov ) f row 1 col 1 row 1 col 2 row 1 col 3 layer 8
3500} * linear fit, trigg. g + linear fit, trigg. . + linear fit, trigg. linear fit, trigg.
[ b=24864 +04193 b=8.303 +0.5364 &£ b=24611 *0.3993 b=18298 +0.5287
[ @a=1238 00075 a=12.797 +0.0084 a=12.470 +0.0071 a=12.426 0.0085 M
3000E *-beam, E,=5GeV
E Run 263, Vo, =450V ]
2500 B
2000
1500
1000
500 5
A T TR RN FERT T f N N T R N TR FRTE FRRU NS (SRR NN FERTE RN PR RN NI
E } Frrre e T b e e b g T e b e g
= r?”r‘\leoarc?ltotr'gg row 0 col 1 row 0 col 2 . row 0 col 3
3500f + linear fit, trigg. . . i +. ]
[ b=21902 +05120 Im’earfll‘ rigg. hn,earﬂt 199 Iblylef;s'y':r:)gsgl.eo
C a=12356 00084 b=27.504 +0.5300 b=13637 +0.4864 = 0.
3000 a=12405 +0.0083 y a=12411 £0.0084 a=12917 +0.0051 3
2500 + 4
2000 + B
1500 + 4
1000F -+ + 9
500F —+ 4
Oimmmmmmm”m”umfmmummpm\m¢mmu o S e N
0 100 150 200 250 300 100 150 200 250 300 50 100 150 200 250 300 100 150 200 250 300

LG ADC (arb. units)

F. Bock (ORNL)

LG ADC (arb. units)

LFHCal

LG ADC (arb. units)

LG ADC (arb. units)

June 16, 2026

7/23



Muon calibration - LG-HG Correlation -Set 2 eP@S

tyu'

v-beam, E,= 5 GeV, Run 283, Vep =450V o ol W-beam, E,=5 GeV, Run 263, Vo =450V

5 3 e T e T T o 12

£ o £ a

5 g 57 ]
£

2 : 05 b

° o

H E 2 018
2 = [
g ¢
a 5 &

0.8

I 0.06

0.04

o
Mg O T I T T T T
f—

N O B 5
J-beam, E,= 5 GeV, Run 283, Vo, =450V o =03 beam, E,=5GeV, Run 283, Vo, =450V
3 uﬁ57;‘”\””HH\HH\HH\HHM 7
s S »: o LG-HG correlation much more stable to
: S I " fit than HG-LG
E A o Average Slope for (ajc_ng) = 12.6 and
3; -0 <aHG,LG) =0.1
£ * o Intercept fluctuates a lot,
1, I N <bLGfHG> = —5.8 and
£ | | | & (bHG-16) = —0.3

layer
F. Bock (ORNL) LFHCal June 16, 2026 7/23



%RIDG ‘RinGMuon calibration - LG-HG Correlation - Com

National Laboratory

HG ADC (arb. units)

HG ADC (arb. units)

W
S
3
s

2500

2000

1500

1000

50

]

>

3500

3000

2500

2000

1500

1000

50

5]

parison ePI&S

T
r row1col0
3500

T T T IRRARCY-

LFHCal TB: CERN-PS-T09
CAEN read-out

row 1 col 1

row 1 col 2

¥

R R G

o

R A AR
I row 1 col 3 layer 8

0283
o = 45.0 V, Run 244

LG ADC (arb. units)

F. Bock (ORNL)

LG ADC (arb. units)

LFHCal

LG ADC (arb. units)

;09—2024

:\\\}\\\\}\\\\}\\\\}\\\\}\\\\‘\\

£ row 0 col 0 Qﬁt@}

£ )

K ‘mmmpmmmuumimmm\mmm\m&umw‘mmmmm‘mmmmmp b Lo
50 100 150 200 250 300 100 150 200 250 800 50 100 150 200 250 300 100 150 200 250 800

LG ADC (arb. units)

June 16, 2026 8/23



¥_D§Muon calibration - LG-HG Correlation - Comparison ePI&S
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0.5(MaxHG, mip) < triggprim < 4<M3XHG,mip>
O Same range used for skimming
o Significant reduction of noise peak (red vs. blue
on next page)

S/B signal region
brd channel

50 60
layer
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Muon calibration - Set 1: Muons HG - Oth ite

iy

fow1 col 0
" Landau -Gauss fit, trigg.

LMPV =270.95 +0.99
Max = 288.00

‘.JM;: e

200 400

F. Bock

row 0 col 0
«+ Landau-! Gauss m mgg

600 800 1000 1200
HG ADC (arb. units)

(ORNL)

row 1 col 1

LMPV=246.23 +1.15
Max = 253.09

I

row 0 col 1

«+ Landau-Gauss fit, trigg.

LMPV=20434 +135
Max = 308.62

ﬂ -M.;b ;‘;;‘ |

800 1000 1200 0
HG ADC (arb. units)

400 600

+» Landau-Gauss fit, trigg.

|
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I
|
|
200 400
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row 1 col 2

+» Landau-Gauss fit, trigg.
LMPV =270.15 +0.98
Max = 283.26
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«+ Landau-Gauss fit, trigg.
LMPV=26427 121

Max = 274.50
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++ Landau-Gauss fit, trigg. |
LMPV =244.76 +137
Max = 255,59
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+» Landau-Gauss fit, trigg.
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i |
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brd channel

OAK
RIDGE

National Laboratory
HM, C= 2319 -

W-beam, E,=5GeV, Run 244, Vo, =450V

Muon cal

ark units)
brd channel

FWHM, ;. (

brd channel

50
layer

F. Bock (ORNL)

bration - Set 1: Muons HG - Oth ite

(-beam, E,=5GeV, Run 244, V=450V

= 2955 [-beam, E,=5GeV, Run 244, V,, =450V

+ (arb. uiits)
brd channel

>
>

o, 2

o

|

_j
8 8 s %axm‘ » &b units)

50 50
layer layer
p-beam, E,=5 GeV, Run 244, V= 45.0V.

Nearly all channels " fitable”

0,1, - (@b, units)

5 channels identified as bad

Poor x?/ndf for some

Constrained fit much more in width
(Maxug, mip) = 295.5
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o F T T T o SR I = A = = B L
=P w 1 col 0 row 1 col 1 4 row 1 col 2 row 1 col 3 layer 8
30 Landau-Gauss fit, mgg «+ Landau-Gauss fit, trigg. «+ Landau-Gauss fit, trigg. ++ Landau-Gauss fit, trigg.
o LMPV=17.26 0.1 LMPV=1164 023 o' | LMPV=1569 +0.16 LMPV=14.23 +0.17
£ Max =21.47 Max = 16.27 o * " Max=2028 Max = 18.52 ]
r : . : W'-beam, E,=5GeV 7
10° | RUN 244, Vo =450 V
1%
10 * ¢
[ ||_‘ ‘\‘
l U!‘ i
1 = ||m I 0T E
o F ¢
S0k row 0 col 0 fow 0 col 1 &% fow0col 2 &%| row 0 col 3 B
30 ++ Landau-Gauss fit, trigg. Landau-Gauss fit, trigg. ® o| 1+ Landau-Gauss fit, trigg.
S E LMPV=15.48 021 3 LMPV=1458 029 * LMPV=1267 +0.8
F Max =20.07 1 Max = 2013 ® %y Max=1674
[ ..
10 Lo J
£ . %I g
F S
100 ot
E w 1
L 6 |1
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[ W 1 T 1
[ 1 1
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£ | f: \\\\‘\\\\‘\\\\‘\\\\\‘ oo PO Ll Ly Ll
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HM, C=3L6 |-beam, E,=5GeV, Run 244, Vo, =450V

brd channel

brd channel

O o (arb. units)

Muon calibration - Set 1: Muons LG - Oth ite {

W-beam, E,= 5 Gev, Run 244, V.

brd channel
G
MPV, . (arb. units)

50
layer

brd channel

g
E
£
&
%
g
&

LFHCal

W-beam, E,= 5 GeV, Run 244, V.

brd channel

Max, . (arb. units)

First iteration fitting LG peaks, nearly all
channels " fitable”

5 channels identified as bad

Poor x?2/ndf for some, signal and pedestal
peak merge (0ped,Lc = 2.9 ADC), reasonable
separation

(MaxLG,,,,,-p) =239
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fow1 col 0
" Landau -Gauss fit, trigg.
LMPV =270.59 +107
Max = 20291

row 0 col 0

«+ Landau-Gauss fit, trigg. &
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S
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200 400 600 800 1000 1200
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F. Bock (ORNL)

row 1 col 1

LMPV=24328 +121
Max = 259.03
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«+ Landau-Gauss fit, trigg.

LMPV=29295 +147
Max = 318.61

+» Landau-Gauss fit, trigg.

600 800 1000 1200
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200 400

row 1 col 2

+» Landau- Gauss fit, trigg.

LMP
Max = 290 27

W lE

row 0 col 2

++ Landau-Gauss fit, trigg.

LMPV=26300 +1.28
Max = 282.81
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row 1 col 3 layer 8
+» Landau-Gauss fit, trigg.
LMPV =24501 +1.42
Max = 261.93
W'-beam, E,=5GeV
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«+» Landau-Gauss fit, trigg.
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Max = 247.02

‘II ‘\ I
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Muon calibration - Set 1: Muons - Iterations
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Muon calibration - Set 1: Muons - Iterations
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row 1 col 0

E row 1 col 1 rowlcol2 7J row 1 col 3 layer 8
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12— 1 CAEN read-out — E F i CAEN read-out
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L S ‘z‘ 530=3.15,nocal=s
o o ik 530=314,n0cal=5 _]|
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F. Bock (ORNL)

30

50 60
Width, ; (arb. units)
LFHCal

Muon calibration - Set 1: Muons -

counts

Iterations

T T T LrvalTe: CER‘N~PS~T09‘ bo-202 B
CAEN read-out —|

it 01=24.02,0=3.19, no cal.

it, 11=24.23,0=3.20, no cal.

- 31l 21=24.220=3.20.no cal.

- Mu 24.22,0=3.20, no cal.
i n Vg, =450V —|

25 30
Max, g cq (arb. units)

Reduced mip selection range for trigger

primitives

3

0.8(MaxpiG, mip) < triggprim < 2(Maxyg,mip)

Further reduction of noise peak

Refined fitting during improved iterations using

average mip from previous iteration as basis

for constraints

Convergence of most cells within 2-3 iterations
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- init (blue)
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fow1 col 0

" Landau -Gauss fit, trigg.
LMPV =253.09 +0.87
Max = 268.32
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row 0 col 0
«+ Landau-Gauss fit, trigg.
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F. Bock (ORNL)
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row 1 col 1
+» Landau-Gauss fit, trigg.
LMPV=23171 + 162
Max = 232.17

row 0 col 1
«+ Landau-Gauss fit, trigg.
LMPV=28142 +132
Max = 290.26

ool o

o
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SE=

HG ADC (arb. units)
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row 1 col 2
+» Landau-Gauss fit, trigg.
LMPV =25249 +0.88
Max = 266,57

I
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row 0 col 2

+» Landau-Gauss fit, trigg.
LMPV=24561 +1.24

Max = 255.16
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HG ADC (arb. units)

-
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R S BIUR A
row 1 col 3 layer 8
+» Landau-Gauss fit, trigg.
LMPV=227.99 +192

Max = 232.07
W'-beam, E,=5GeV
Run 283, V,,=45.0V

row 0 col 3
+» Landau-Gauss fit, trigg.
LMPV =214.25 +206

Max = 220.40 E

800 1000 1200
HG ADC (arb. units)
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HM,, C= 2319 \-beam, E,=5GeV, Run 283, Vo, =450V - beam‘ E,=5GeV, Run 283, V,, =450V

brd channel
brd channel
units)”

L @t

60
layer

brd channel
brd channel

0,0, ¢ (arb. units)

60
layer

B T E— AR

©

s HG - init (blue) (&

Ilneam E,=5GeV, RW\ZES Vo -450\/

IUIH ||I!

brd channel

T

Iayer

Initial fit for 42 V still quite stable < 20
channels fail in initial fit (blue distribtion
previous slide)

<M3XHG,mip> =272.3

A bit biased towards lower values due to very
pronounced pedestal peak
No strong ch-by-ch variations in indivial

parameters, outliers in widths drive z-range of
plots
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row 1 col 2

row 1 col 3 layer 8
W*-beam, E,=5GeV
Run 283, V,,=45.0V
Trigger primitives

row 1 col 1

counts

row 0 col 0 row 0 col 3

Al i
500 1000 1500 2000 2500 ) 1000 1500 _ 2000 500 1000 1500 _ 2000 1500 2000
HG ADC (arb. units) HG ADC (arb. units) HG ADC (arb. units) HG ADC (arb. units)
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OA
RIDGE Muon calibration - Set 2: Muons HG - Trigger (¢

National Laboratory
|-beam, E,=5GeV, Run 283, Vo, =450V

0
layers
5 GeV, Run 283, Vo = 450V

F. Bock (ORNL)

S/B signal region

brd channel

brd channel

evt. collected = 201602

(-beam, E,= 5 GeV, Run 283, V=450V

counts

60
layer
W-beam, E,= 5 Gev, Run 283, Vo = 45.0V

S/B noise region

60
layer
LFHCal

PP
g ; eam, E,=5GeV, Run283, V, 450\/;
g utrlg. pos./event -
ol =
50; - é
o E
30; é
20;' é
pa E

L ‘H\HH\mmmmummmﬁmmu
0 5
#Pos,, (ab. units)

Trigger evaluation for fixed column and row
(all z-segments) if average signal summed over
all active cells in z > 30ped, HG

Clear enhancement in trigger primitives, Oth
level muon selection within

0.5(MaxpiG, mip) < triggprim < 4(Maxyg,mip)
Same range used for skimming

Significant reduction of noise peak (red vs.
blue on next page)
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F. Bock (ORNL)
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row 1 col 1
+» Landau-Gauss fit, trigg.
LMPV=23171 + 162
Max = 232.17
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«+ Landau-Gauss fit, trigg.
LMPV=28142 +132
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LMPV=24561 +1.24
Max = 255.16

600

-

800 1000 1200

HG ADC (arb. units)

0 200

R S BIUR A
row 1 col 3 layer 8
+» Landau-Gauss fit, trigg.
LMPV=227.99 +192
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Run 283, V,,=45.0V
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HM,, C=2175 \-beam, E,=5GeV, Run 283, Vo, =450V
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F. Bock (ORNL)

brd channel

brd channel

bration - Set 2: Muons HG - Oth ite (&

(-beam, E,=5 GeV, Run 283, V=450V

60
y

(. 2762 [-beam, E,=5GeV, Run 283, V=450V

(arb. units) ©
brd channel

-~
>

o

o \‘HH‘H—H—Hw\\H‘HH‘HH‘HH‘\

T T T T
MPV,

o

‘j
8 g s Maxi o (arb. its)

0,1, - @b, units)

Nearly all channels " fitable”

5 channels identified as bad

Poor x?/ndf for some

Constrained fit much more in width
(Maxug, mip) = 276.4
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Muon calibration - Set 2: Muons LG - Oth ite
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-beam, E,= 5 GeV, Run 283, Ve, =450V W-beam, E,= 5 Gev, Run 283, V.

brd channel
brd channel
brd channel
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W-beam, E,= 5 Gev, Run 283, Vo =45.0V

0
layer
-beam, E,= 5 GeV, Run 283, Vg, =450V

brd channel
brd channel

0,7+ (@b, units)

O First iteration fitting LG peaks, nearly all
channels " fitable”

@ 5 channels identified as bad

O e o (arb. units)

@ Poor x?/ndf for some, signal and pedestal
peak merge (0ped,Lc = 2.9 ADC)

Qo (Max,_(;,m,-p) =217

Jayer
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Next steps

3

Redo event time difference evaluation

©

— Can we find a time difference cut restoring same conditions for LG-HG corr as for muons
— Can we get rid of these weird HG = 0 events like that?

Attempt to remove events where a channel had HG = 0 but LG > XX after pedestal subtraction

©

©

Evaluate LG-HG corr values based off 7~ runs & patch calib objects
o Reevaluate pedestal per layer for physics runs?
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