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Overview - Set E

Full Set E
Summing Board V2, V,,, = 44 V
May 18, 17:05 - May 1

..ul(lmnn\l May 19, 17:35 - May 19, 19;

n settings: RF = 12, CF = 7, CC= 3, (Immp 1

C: sets:
i table position | ped -5) (10,5) (10, -5) 10,5) 0,0)
o s 372 376 377 378 374
tot events 10K 161K 151K 154K 156K
/i table position | ped ) (10,5) (-10, -5) (-10,5) (0,0)
pa TS 120 123 125 12 121
tot events 10K 158K 152K 164K 151K
41 table position | ped (10,-10) (10,0) (10,10) (10, -10) (-10,0) (-10,10)
e Tuns 171 173 17 a7 182 ] 17
tot events 10K 152K 156K 151K 150K 156K 151K
Electron set:
E (GeV) 30 100
= runs 392 384
B tot events 256K 254K
T 36 300
© tot events 256K 252K
Hadron sot:
E (GeV) 20 30 40 50 60 70 80 920 150 200 250 300 325 350
h- runs 395 396 397 398 399 400 102 103 104
tot events 265K 256K 260K 258K 252K 263K 254K 255K 256K
e Tuns 107 108 109 110 a1 12 114 15 16 7 118 119
tot events 266K 263K 255K 253K 253K 259K 258K 258K 260K 251K 263K

o time:

18.5.2026 17:05 - 19.5.2026 © Gain settings:
2:36 & » RF = 12, CF = 7, CC= 3,

19.5.2026 17:35 -19:01 CFco:pzl
o Vo, =44V, V,, =383V o e~ and h™ with small scintillators

F. Bock SPS 2026 - Set E
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o p with large scintillator triggers:

» 5 positions Scan
» 5 positions Scan
» 6 positions Scan
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Pedestal ADC

ADC (arb. units) all samples

Muon calibration - Set 1

pedestal, Run 372, V,, =440V

50, |
S A AN A I R
500 00 150 2000 2500 3000
ell ID
pedestal, Run 372, Vop = 440V
T T

P
1000 1500

T A I

2000

F. Bock

10°

10°

10

10t

10°

10

: Pedestals

3

§ 4 SE '. Seme
n - o
I ! Bhvy oy EA
! I gl sy
. [ I " e 6
1
1 1
f 1 !
1 It Iy !
b 1 1
s =5 § =k, b 1 N
1} n 1
" ll
g n N
i e
S ficzme 1 fdsme Ticoms W e ms Teams
s i i Ly e i
o bRy g TR h e [ ¢ TRk ik
i i : [H -
10} I n |'l
[N h !
P 1
i 1! I 1
L I i )
Lt | i ey PR oy Sen
LIS W [ L (o By
[ N
wE " 1
!
oL it n
i i
k. 1)
' 1 Sen
E ] " B
n n
i3 n n
o i \
n :
1
L b )
§ =
PGS nooLn ST R
1 [ "
i "
10} n i
! L
_ . " a A
R i) e ADG ( unt) ke ADG (o i) 1t e A (o i) e RO Ui 3 MR ADC (@ i) 5 SRR U (0t ) s

SPS 2026 - Set E

September 15, 2026

3/28



3

Muon calibration - Set 1: Pedestals €

Pedestal ADC (arb units)

ADC (arb. units) all samples
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brd channel

brd channel

&
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Muon calibration - Set 1: Pedestals

pedestal, Run 372, Vo, =44.0V.

5 6 7
layer

pedestal, Run 372, Vo, =440V

(arb. units)

H
3
=

z
£
2
°
©

brd channel

0, (= 8167 pedestal, Run 372, Vo, =440V pedestal, Run 372, V,, =440V
z 7 T T
g z
5 5
90 5 >
g s
R
H 200
§
£ =

P R I BRI |
b T 2
= B i 2 arb. unitd)”’

u

‘noise. oth samole

@ Pedestal for all readout units set to 80 ADC
@ Online calibration verified

O Fitting converges for most cells (4 missing)

@ Good correlation between alternative fitting methods for pedestal
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Pedestal ADC (arb units)

ADC (arb. units) all samples

Muon calibration - Set 2: Pedestals

pedestal, Run 420, Vo, =440V
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Pedestal ADC (arb units)

ADC (arb. units) all samples

Muon calibration - Set 2: Pedestals

pedestal, Run 420, Vo, =440V
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brd channel
5

brd channel

-~ FBock SPS 2026 - Set E
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Muon calibration - Set 2: Pedestals

(3, [= 8183 pedestal, Run 420, Vo, =44.0V.
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@ Pedestal for all readout units set to 80 ADC
@ Online calibration verified

O Fitting converges for most cells (3 missing)

@ Good correlation between alternative fitting methods for pedestal
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pedestal, Run 471, V,, =45.0V

Muon calibration - Set 3: Pedestals

Pedestal ADC (arb units)
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Muon calibration - Set 3: Pedestals

pedestal, Run 471, V,, =45.0V
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brd channel

brd channel

&
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Muon calibration - Set 3: Pedestals

pedestal, Run 471, Vo, =450V

5 6 7
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@ Pedestal for all readout units set to 80 ADC
@ Online calibration verified
O Fitting converges for most cells (2 missing)

@ Good correlation between alternative fitting methods for pedestal
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Muon calibration - Pedestal Comparison

T 3|
LFHCal TB: CERN-SPS-H2, 05-2026
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counts

counts

Muon callbrutlon - Pedestal Comparison

LFHCal TB: CERN -SPS-H2, 05-2026
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counts

counts

Muon calibration - Pedestal Compurlson

3
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TOA offset cullbratlon ep@j

Vo siov e 2 100Gy, e 100 G, Fun 01 Ve 440V

Estimated using 100 GeV
pion run (401)

Based on ToA vs nSample
plot

Applied consistently to
subsets 1-2

[TOA calib offset file (1 &
2)]

Using ToA offsets from
run 452 (FullSet F) for
3rd subset

o [TOA calib offset file (3)]

% W ko w0 s

0
TR (b sy

C— T
s) TR (arb.units) TR (arb.unlts)

F. Bock SPS 2026 - Set E September 15, 2026 7/28


https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetE.csv
https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetE.csv
https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetF.csv

TOA offset calibration ep@}

- o Estimated using 100 GeV
pion run (401)

- o Based on ToA vs nSample
plot

- o Applied consistently to
subsets 1-2
o [TOA calib offset file (1 &
- 2)]
o Using ToA offsets from
" run 452 (FullSet F) for
3rd subset

o [TOA calib offset file (3)]

20 e E
t0s)

= 5
) tos)
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https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetE.csv
https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetE.csv
https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetF.csv

TOA offset callbratlon Applled Set 1 eP@S
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b = TOA (arb. units T SR wb. ke ’ - TOR (b, units
F Bock SPS 2026 - Set E Septem ber 15, 2026 8/28




TOA offset ca bratlon Appl ed Set 1

o, E250GaV,Run3Ty V=440V,
T T
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ADC (arb. units)

TOA offset ca bratlon Appl ed Set 2

o, £250 GaY, Run 21, V=440V,
T T

o, 250 Gav, Bun 21, V=40V
T

g
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£
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T T
|ibeam, E,~50GeV, Run421, Vo= 440

g 10,
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Muon calibration - Set 1: Muons - init (blue) (&
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brd channel

brd channel

Muon cal

-beam, E,= 50 GeV, Run 373, Vo, =440V

8
FWHM, . (arb. units)
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~beam, = 50 GeV. Run 373, Ve, =440V
ARmma
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o

bration - Set 1: Muons - init (blue) (¢

\-beam, E,= 50 GeV, Run 373, V., =44.0V =227 \-beam, E,= 50 GeV, Run 373, V,=44.0V

&

brd channel

brd channel

8
MPV,,; o (arb. units)

0 1 2 3 4 5

7 6 7
layer layer
\-beam, E,= 50 GeV, Run 373, Vi, =44.0V

aRERA

brd channel
06,1 (arb. units)

0 Initial fit for 44 V & RF=12 with lots of non
converging cells, most of front layers fail initial
fit (too bad separation between pedestal &
mip )

o (Maxm,-p) =227

7
layer
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Muon calibration - Set 1: Muons - Trigger ePI&S
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Muon calibration - Set 1: Muons - Trigger (&

-beam, E,= 50 GeV, Run 373, Vo, =440V

o T2 3 a4 5 7

layers

-beam, E,= 50 GeV, Run 373, Voy =440V
Ay aREmRAs

S/B signal region

brd channel

brd channel

evt. collected = 751477

&

3

\-beam, E,= 50 GeV, Run 373, V., =44.0V

counts

3 4 5 7
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J-beam, E,= 50 GeV, Run 373, Vi, =440V
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N3

Pt
2 1 L heam.| £ 50Gev. Run 373, W= 440V ]
Ssool tri t -
& 1 trig. pos./event |
00— —
300— —
200l 3
100l 3
[Tl ST T FUTT T NI PR S h
L TR

3
#P0s,,, (arb. units)

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

Noise suppression could be improved by
increasing nopeq

Clear enhancement in trigger primitives, Oth level
muon selection within

0.3(Maxmip) < triggprim < 4{Maxmip)

Same range used for skimming

Significant reduction of noise peak (red vs. blue
on next page)
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Muon cullbrcltlon Set 1: Muons - Oth |te (€
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Muon calibration - Set 1: Muons Oth ite

-beam, E,= 50 GeV, Run 373, Vo, =440V

\-beam, E,= 50 GeV, Run 373, V., =44.0V

\-beam, E,= 50 GeV, Run 373, V,=44.0V
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Max, ;. (arb. units)
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brd channel
brd channel

MPV,,;_u (arb. units)

7 6 7
layer layer
jr-beam, E,= 50 GeV, Run 373, Vi, =44.0V

7
layer

brd channel
brd channel

Oy, 2+ arb. units)
G0, (@b, units)

@ Increased successrate, but still lots of failures
in lower layers

2 channels identified as bad
(Maxpmp) = 22.6
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Muon calibration - Set 1: Muons 5th ite

J-beam, E,= 50 GeV, Run 373, Vi =440V,

=226

brd channel
2 R

brd channel
arb. units)

FWHM,, . (arb. units)

brd channel

MPV,,; » (arb. units)

Max,s,

7 6 7 6 7
layer layer layer
J-beam, E,= 50 GeV, Run 373, V,,=44.0V

brd channel
brd channel

0,115, 5- @rb. units)

Oy, 2+ arb. units)

O Nearly all channels "fitable”
. @ 2 channels identified as bad
0 (Maxpmip) = 22.6

7
layer
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counts

counts

Muon cal

bration - Set 1: Muons -

Iterations

3

F. Bock

SPS 2026 - Set E
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250 W Run 373 Eo | 1 = Further reduction of noise peak
B 3 E Eo I ] . _ . . . . .
20F- J E o [ i | ! ! ! O Refined fitting during improved iterations using
150 e 3 r : i i i 2 average mip from previous iteration as basis
H B 20— — .
1R i 3 r I | | | | E for constraints
B i H 3 r | | | ] . ) )
| u 3 10~ . . . . E Convergence of most cells within 3-4 iterations,
J\\\\ R I very few cells still fail after 5 iterations
25 0 2 3
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brd channel

brd channel

Muon calibration - Set 2: Muons - init (blue) G

-beam, E,= 50 GeV, Run 421, Vo, =440V
SREmEE

B

FWHM, . (arb. units)

o, (@rb. units)

(-beam, E,= 50 GeV, Run 421, V,,=44.0V

brd channel

MPV,q; o (arb. units)

brd channel

0,46, (arb. tits)

o 12z s a4 s 7
layer

SPS 2026 - Set E

=226 (-beam, E,= 50 GeV, Run 421, V., =44.0V

B

brd channel
Max,, . (arb. units)

Initial fit for 44 V & RF=12, with lots of non
converging cells, most of front layers fail initial
fit (too bad separation between pedestal &
mip )

(Maxpmp) = 22.6

No strong ch-by-ch variations in individual
parameters per layer
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Muon calibration - Set 2: Muons - Trigger (&

-beam, E,= 50 GeV, Run 421, Vo, =440V

evt. collected = 741030 (-beam, E,= 50 GeV, Run 421, V., =44.0V

. 2 it s e o PO

: 2y 2 P 2 [ ISP DRI
¢

£ G 2 3 T t t

8 5 g £ utrig. pos./event

3 3 ¥ 1

5 H L 4

ol E

300— —

anf ]

oo~ E

LoTel \...l....h.u\uu\uu\uu\uu\u?

layers layer #Pos,, (arb. umls)

u-beam, E,= 50 GeV, Run 421, Vo, =440V J-beam, E,= 50 GeV, Run 421, Ve, =440V

©

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

Noise suppression could be improved by
increasing nopeq

Clear enhancement in trigger primitives, Oth level
muon selection within

0.3(Maxmip) < triggprim < 4{Maxmip)

O Same range used for skimming

o Significant reduction of noise peak (red vs. blue
on next page)

brd channel

brd channel
S/B nbise region

S/B signal region

©

g 7
layer
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Muon culibration -Set 2: Muons - Oth ite (€
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Muon calibration - Set 2: Muons Oth ite

-beam, E,= 50 GeV, Run 421, Vo, =440V

(-beam, E,= 50 GeV, Run 421, V., =44.0V \-beam, E,= 50 GeV, Run 421, V., =44.0V

k]
g
£
&
2
5
2
5

brd channel
brd channel

MPV,q;.u (arb. units)

Max, . (arb. units)

7 6 7

layer layer

u*-beam, E,= 50 GeV, Run 421, Vo, =440V J-beam, E,= 50 GeV, Run 421, Ve, =440V
AREmERRA

7
layer

brd channel

brd channel
0,11, - (@D, units)

Oy, 2+ arb. units)

@ Increased successrate, but still lots of failures
in lower layers

2 channels identified as bad
(Maxpjp) = 22.4
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Muon calibration - Set 2: Muons - 5th ite
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Muon calibration - Set 2: Muons 5th ite (€

J-beam, E,= 50 GeV, Run 421, Vo =440V
mas

\-beam, E,= 50 GeV, Run 421, V., =44.0V =226

2 s “ 5 g z
< 2 H 2 5 £
H £ H
5 s o 5 2 5 >
E El El
H - 5 & 5 E
b p .
g ¢ §
20 %‘ z
H H =
z
0 1 2 3 4 5 7 o 1 2 3 4 5 6 7 o 1 2 3 4 5 6 7
layer layer layer

u*-beam, E,= 50 GeV, Run 421, Vo, =440V

5

brd channel
Oy, 2+ arb. units)

brd channel

0,1, - arb. units)

O Nearly all channels "fitable”
@ 2 channels identified as bad
0 (Maxpmip) = 22.6

7
layer

-~ FBock SPS 2026 - Set E September 15, 2026 18/28




° %
ions S

M, aro. unts)

i, (@ro. unis)

- prise e pyep P P e g 3 Pt

M @ro. units)

e “como. roc1mo roc2mo roc3mo coms rocams oczmr weamy

s, @ro. uniis)

B T S S TN SR S i

iteration iteration iteration iteration iteration teration iteration

F. Bock SPS 2026 - Set E September 15, 2026 19/28



counts

counts

3

Muon calibration - Set 2: Muons - Iterations (€
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brd channel

brd channel

Muon cal

-beam, E,= 50 GeV, Run 473, Vo, =440V
SREREE

Bl

FWHM, ., . (arb. units)

7
layer

~-beam, E,= 50 GeV, Run 473, V.
T

z
<
£
£
w,
¢
H
o

\-beam, E,= 50 GeV, Run 473, V., =44.0V

brd channel

MPV,q; o (arb. units)

7
layer
W-beam, E,= 50 GeV, Run 473, Vo, =440V

brd channel

0,46, ¢ (arb. units)

7
layer

SPS 2026 - Set E

\-beam, E,= 50 GeV, Run 473, V,=44.0V

bration - Set 3: Muons - init (blue) (&

brd channel

Max,, . (arb. units)

7
layer

Initial fit for 44 V & RF=12, with lots of non
converging cells, most of front layers fail initial
fit (too bad separation between pedestal &
mip )

0 (Maxpip) = 22.9

@ No strong ch-by-ch variations in individual

parameters per layer
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Muon calibration - Set 3:

-beam, E,= 50 GeV, Run 473, Vo, =440V

7
layers
beam, E,= 50 GeV, Run 473, V= 4.0V

S/B signal region

brd channel

brd channel

evt. collected = 872484 \-beam, E,= 50 GeV, Run 473, V., =44.0V

&
=

counts

3

o 1 2 3 4 5 7
layer
J-beam, E,= 50 GeV, Run 473, V=440V

S/B foise region

o 1 2 3 4 s 7
layer

SPS 2026 - Set E

Muons - Trigger &

N3

x0*
\m‘mmm‘mmm‘mmm‘mmm‘ur
beam, E,=50GeV, Run 473, V=440V

I trlg. pos./event

g
—

T T T T T

counts

1T L“A_Lluulnnluu\uu\uu\uu\uuhu

o TTT

#Bos,, (b, units)

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

Noise suppression could be improved by
increasing nopeq

Clear enhancement in trigger primitives, Oth level
muon selection within

0.3(Maxmip) < triggprim < 4{Maxmip)

Same range used for skimming

Significant reduction of noise peak (red vs. blue
on next page)
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Muon cullbrcltlon Set 3: Muons - Oth ite (€
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Muon calibration - Set 3: Muons Oth ite €

-beam, E,= 50 Gev, Run 473, Ve =440V

('-beam, E,= 50 GeV, Run 473, V., =44.0V (-beam, E,= 50 GeV, Run 473, V,=44.0V

IS
3

Max,, . (arb. units)

brd channel
5

brd channel
MPV,,; u (arb. units)
brd channel

FWHM,, . (arb. units)

7 6 7
layer layer
(-beam, E,= 50 GeV, Run 473, Vi, =44.0V

brd channel
0,1, - arb. units)

brd channel

g
E
£
&
kN
H
5
s

@ Increased successrate, but still lots of failures
in lower layers

@ 2 channels identified as bad
0 (Maxpjp) = 22.2

:

7
layer
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Muon calibration - Set 3: Muons - 5th ite (€
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Muon calibration - Set 3: Muons 5th ite (€

-beam, E,= 50 GeV, Run 473, Vo, =440V

=224

R

ER
FWHM,, . (arb. units)

brd channel
brd channel
brd channel

MPV,q; u (arb. units)

0 1 2 3 4 5 6 7 o 1 2 3 4 6 7
layer layer
\-beam, E,= 50 GeV RUN4T3, V4 =440V J-beam, E,= 50 GeV, Run 473, V.,
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3

Muon calibration - Set 3: Muons - Iterations (€
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Muon calibration - Comparison Sets ePl&S
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Muon calibration - Cqmparison Set
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Muon calibration - Comparison Sets
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3rd set significantly higher statistics at edges

mip deviations within estimated fitting

uncertainties

very good correlation for same channel

will use 3rd set for final calibration (1st or 2nd
for possible error estimates)
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Calibration summary - Set E



3

Calibration summary

o Besides 2 bad channels identified in this data set no further channels found problematic
o ToA offset calibration estimated on initial muon run valid for all runs of set C

o Final calibration based off ‘Set_3' (6 beam positions) due to higher statistics & better coverage
» Calib file FullSet E 1° [txt-file]
> Calib file FullSet E 27 [txt-file]
» Calib file FullSet E 3™ [txt-file]
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https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_FullSetE_1.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_FullSetE_2.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_FullSetE_3.txt
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TOA offset callbratlon 3rd set ep@j

e 2 100Gy, e =100 G, Run 452 V=450V

o Estimated using 100 GeV
pion run (452)
“ o Based on ToA vs nSample
. plot

o Using ToA offsets from
run 452 (Full Set F) for
3rd subset

. o [TOA calib offset file (3)]

] k e e B W we w0 oot
0 TOR (arb. unlts) TR (arb.unlts) TR (arb. unlts)
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https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetE_2.csv

TOA offset calibration 3rd set ePl&S

e, £ 100Gov. a1 rbmam, £ 100 Gov, Fun 82, Ve 480V
T

" o Estimated using 100 GeV
. pion run (452)

. o Based on ToA vs nSample
plot

. o Using ToA offsets from
run 452 (Full Set F) for
3rd subset

o [TOA calib offset file (3)]

T St z 5
) ) ) tos)
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https://github.com/eic/epic-lfhcal-tbana/blob/main/configs/TB2026/ToAOffsets_TBSPS2026_FullSetE_2.csv

TOA offset callbratlon Applled Set 3 eP@S

M‘M/W NW‘ -

wof
|| [
14

i \ Em W | ”HWW'M e

\\\\\
oA

° = TOA (arb. units TOR (rb. untts) . unts
F Bock SPS 2026 - Set E Septem ber 15, 2026 28 /28

3000
\\\\\\

\\\\\\\\\
R e T )




3

TOA offset cal bratlon - Applied Set 3 (&

0
24T T T T T T
=50 GeV, Run 473, Vo = 44.0
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s, 1 i, etoom v s o
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