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Investigations LG-HG correlation
Recap: Where we stopped in June!



Tackling the LG-HG calib problem! (1) ep@}
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Tackling the LG-HG calib problem! (1) ep@}

w/ bug fix for Max; ¢ mip.cal

/ bug mip,cate @ Original 15GeV proton distribution for all cells
Heboam, Ey= 15.GaY, RUN 365, Vip= 420V o Found a bug in the Mang,,.,,;,,,c‘—,,/C ca!culatlon
e L 51 B (neglected offset in correlation function)
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Tackling the LG-HG calib problem! (1) em@

w/ bug fix for Max; ¢ mip,calc

& 316 HG o Original 15Ge_V proton distribution for all .ceIIs
H-beam, £y 15 GV, Run 368, Vg =420V o Found a bug in the MaXLG,,.,,;p,ca/c ca!culatlon
o S e A B B 2 (neglected offset in correlation function)
S oo 8 o Using cross correlation between LG-HG of the
a E highest m~ energy for correction — patched calib
5150:* object
b @ Remaining small discontinuity — shift in pedestal?
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Tackling the LG-HG calib problem! (2)
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Tackling the LG-HG calib problem! (2)
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Tackling the LG-HG calib problem! (2) ePI&)
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ePIE)
2024 TB - CAEN Readout
Investigations LG-HG correlation
How to calibrate e & h™ data?



Original suspicions

a) Saturation of signal leads to too long decay time

» LG-HG broken as consequence
» Next event(s) data corrupted
» This we can test!

b) Ground shifts due to too high charge in RO-module
» Could only test in lab with laser/led pulser.

c) Cross talk expresses itself differently in HG & LG due to long delay in (indepent amplifiers &
shapers - same circuit diagrams)

» Could only test in lab with laser/led pulser.
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HG E (arb. unts)

HG ADC (arb. units)

Focussing on one cell

Run 275, proton, £ = 15 GeV
cut-off HG ~ 0

all events
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o Investigated HG & LG saturation

events for single cells

> LG saturates very very seldom

> Hoped off-diagonal elements
would be concentrated in
events after saturated (throw
them out)

> Very similar fractions

Looked at single cell event by

event — LG/HG ratio takes very

long to recover to original (if at
all)

1«0 Worse effect for higher gain runs

Qo

(Vop =45 V)
After saturation nx10us to

recover (particles hitting SiPM in

between makes situation worse)

> HG likely unusable in higher
gain runs Vo, > 42V

September 29, 2026

4/11



Mitigation strategy: a) Cut-out events (\/,, = 45 V) ePI@

o LG saturation even for
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Mitigation strategy: a) Cut-out events (\/,, = 45 V) ePI@

o LG saturation even for
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Mitigation strategy: b) Use LG only for 'physics’ events ePl&S

How can we trust the LG is right?
o Could we calibrate with LG mips?
> Lets see!
o Can we 'just’ use the lower V,, runs?
> Lets see!
o Compare local mip trigger from hadron events vs mip trigger from muon run
» TBD

o Compare Emip tot(or per layer)/ event with calibration based on LG signal only vs HG and LG
combined (current option) with strong cut on correlation and LG-HG from either mips or hadron
run at 10GeV

» TBD

F. Bock & V. Andrieux LFHCal September 29, 2026 6/11
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Improving HG fitting

T T T T T
row 1 col 0
+. Comb. fit, trigg.
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Max = 296.76

HH\ |
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Vop = 45V, SetA 1
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row 1 col 1

++ Comb. fit, trigg.
LMPV= 24131 + 108
Max = 262.47

row 0 col 1

++ Comb. fit, trigg.
LMPV=29164 +150
Max = 320.80
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++ Comb. fit, trigg.
LMPV=26076 +121
Max = 285.31
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row 1 col 3 layer 8
++ Comb. fit, trigg.
LMPV=242.48 +117
Max = 265.92
|-beam, E,=5GeV
RUN 244, V,, =450V
Landau-Gauss
Pedestal

M i |
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row 0 col 3

++ Comb, fit, trigg.

LMPV=227.89 +115
Max = 250.78
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HG ADC (arb. units)

3

o Fitting standalone
Landau-Gauss possible
until Vop =~ 42 V

O Below very sensitive to
merging with pedestal
Had to restrict fitting
range signicantly

@ Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)

O Less fit range
restrictions, more stable
fitting

@ Might need more
iterations for < Vo
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counts

Improving HG fitting

R R R m
row 1 col 3 layer 8
++ Comb. fit, trigg.
LMPV=17182 +085
Max = 191.28
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++ Comb. ft trigg.
LMPY = 166,84 2087
Max = 184.20
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ADC (arb. units)

|
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HG

3

Fitting standalone
Landau-Gauss possible
until Vop =~ 42 V

Below very sensitive to
merging with pedestal
Had to restrict fitting
range signicantly

Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)
Less fit range
restrictions, more stable
fitting

Might need more
iterations for < Vo
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Improving HG fitting

T T

row 1 col 1

++ Comb. fit, trigg.
LMPV=103.14 +059
Max = 113.27

—
&% row 1 col 2
++ Comb. fit, trigg.
LMPY = 11330 £0.43
Max = 12578
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++ Comb. ft, trigg.
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++ Comb. ft trigg.
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Max = 107.21
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3

Fitting standalone
Landau-Gauss possible
until Vop =~ 42 V

Below very sensitive to
merging with pedestal
Had to restrict fitting
range signicantly

Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)
Less fit range
restrictions, more stable
fitting

Might need more
iterations for < Vo
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Improving HG fitting
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Fitting standalone
Landau-Gauss possible
until Vop =~ 42 V

Below very sensitive to
merging with pedestal
Had to restrict fitting
range signicantly

Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)
Less fit range
restrictions, more stable
fitting

Might need more
iterations for < Vo
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Improving LG fitting

RUN 244, V,, =450V
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€ E row 1 col 0 row 1 col 1 row 1 col 2 row 1 col 3 layer 8 3
ERs ++ Comb. fit, trigg. A ++ Comb. fit, trigg ++ Comb. fit, trigg. ++ Comb. fit, trigg. 3
o [ LMPV=2054 +0.09 & ® LMPV=1854 +0.10 LMPV=2030 +0.09 MPV =18.77 +0.10 ]
r Max = 2254 B3 Max = 20.07 Max = 20.45 1
p-beam, E,=5GeV

Landau-Gauss
Pedestal

m\m\m\m\m\m‘\ ol
A
! row 0 col 1 Tow 0 col 2 row 0 col 3
++ Comb. fit, trigg. ++ Comb. fit, trigg. ++ Comb. fit, trigg. ++ Comb. fit, trigg.
LMPY=2027 012 LMPV=2237 £013 LMPV=2078 £011 . LMPV=17.40 011
3 Max = 22.38 [3 Max = 1899
8
s ¥
102 ; |‘,‘
$ 1
g "
i
Pl
10 ¢ 1 M

'
Pl f
- H
oo
3 1
i

AT T TR )
-20 0 20 40 60 80 100 120 140 160 O 20 40 60 80 100 120 140 1620 0 20 40 60 80 100 120 140 160 O 20 40 60 80 100 120 140 160
LG ADC (arb. units) LG ADC (arb. units) LG ADC (arb. units)

LG ADC (arb. units)

Vop = 45V, SetA 1
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3

o Fitting standalone
Landau-Gauss possible
until Vop = 44 V

O Below very sensitive to
merging with pedestal

= Severe restrictions on fit
range necessary & still
lots of failures

@ Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)

O Less fit range
restrictions, more stable
fitting

O Works down to Vo, ~ 41
\%

0 Below fully merged & no
chance
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Improving LG fitting

R AARE R R AR
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++ Comb. fit, trigg.
LMPV=1202 2012
Max = 1301

i W
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o Fitting standalone
Landau-Gauss possible
until Vop = 44 V

O Below very sensitive to
merging with pedestal

= Severe restrictions on fit
range necessary & still
lots of failures

@ Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)

O Less fit range
restrictions, more stable
fitting

O Works down to Vop =
\%

0 Below fully merged & no
chance

41
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Improving LG fitting

R I o B It L B B o R
row 1 col 0 row 1 col 1 E fow 1 col 2 row 1 col 3 layer 8

10° ++ Comb. fit, trigg. =+ ++ Comb. fit, trigg. —+ > ++ Comb. fit, trigg. ++ Comb. fit, trigg. m
LRV =006 2007 E 7 CMPv=770 2001 7y CMPv= o1 2008 A WPV-s04 1015

3 S G 7y umy AN :

+ F0% L s % \-beam, E,=5GeV |

R e 4 YO RUN 331, V= 42.0V 1

" I H % - - Landau-Gauss

100k - E § % Pedestal 3
3 i § : E

i ¥ T '7? i ]

row 0 col 0 row 0 col 1 row 0 col 2
10 " LCs;nvbr Q‘;;”?% 0 =+ ++ Comb. fit, trigg ++ Comb. fit, trigg. =3

60 80 100 120 0 20 40
LG ADC (arb. units)

-20 0 20 40

V.o = 42V, Set B_1

F. Bock & V. Andrieux

LMPV =085 015
Max=11.21

LMPV=823 +015
Max =9.69

I = I
60 80 100 1200 O 20 40 60 80 100 1200 O 20
LG ADC (arb. units) LG ADC (arb. units)

LFHCal

0

row 0 col 3

++ Comb. ft trigg. E
LMPV =716 +0.19
Max =859

60 80 100 120
LG ADC (arb. units)

September 29, 2026

ePig)

Fitting standalone
Landau-Gauss possible
until Vop = 44 V

Below very sensitive to
merging with pedestal
Severe restrictions on fit
range necessary & still
lots of failures

Now convoluted with
Gauss for pedestal using
starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)
Less fit range
restrictions, more stable
fitting

O Works down to Vo, ~ 41

\%
Below fully merged & no
chance
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Improving LG fitting el"‘l&s
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1 «+ Comb. fit, o ++ Comb. fit, trigg.
7 ChPv <58 2009 £ CuPv s 00 Gauss for pedestal using
Max =5.76 . . Max = 9.01

starting parameters from
pure pedestal run (2 -
Gaussian width not yet
combined to one param)
O Less fit range
restrictions, more stable

My o

fitting
LT i T i 1 i Il ~
20 40 60 8020 0 20 40 60 8020 0 20 40 60 80 20 0 40 60 80 ° Works down to VOp ~ 41
LG ADC (arb. units) LG ADC (arb. units) LG ADC (arb. units) LG ADC (arb. units) V

0 Below fully merged & no

Vop =40V, Set E (comb) chance
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counts

First Look at HV scan + Sets - HG

— Run 244,

v

T
LFHCal TB: CERN-PS-T09, 09-2024 —J

14=300.95,0=35 36, no cal.=0 ]

CAEN read-out

4=37.04,0=4.42, no cal.=1
80.64,0=9.49, o cal.=0
.36, n0 cal
41795802153, no cal. =

10f

F. Bock & V. Andrieux

T I
LFHCal TB: CERN-PS-T09, 09-2024 ~
. CAEl
6.0=1

N read-out -

counts

©

S

=}

L L e L L L i e
LFHCal TB: CERN-PS-T09, 09-2024

CAEN read-out

—— Run 2441=239.25,0=27.46, no cal.=0 |

Run 33141=106.27,0:

-+ Run 37542172580

- Run 51141=319.35,0

- - Run 305,1=182.56,0:

Run 316,41=37.80,0=4.16, no cal =1

— Run31241=70.17,0%6 88, n0 cal.=0

— Run 309,1=105.92,0=10.66, no cal.=0

Run 307,:=143.62,0=15.40, no cal.<0—|

o 400 500 600 700
Width,; (arb. units)

@ T T g 2

S [ LFHCal TB: CERN-PS-T09, 09-2024, CAEN read-out

g [ wheam Ez=5Gev

2500~ — Vi, g Single cells 0

® b mvFae3v

'E [ -- Alcells,b=516 ADCV

s

S 400

Eh s
- |

=300 - s
200 A
100— 1 A

J«WH-‘ T T T I N

LFHCal
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First L

ook at HV scan + Sets

LG

RaRm T T T T T T T T FTTT T T T T T O 24 T
o [ LFHCal TB: CERN-PS-T09, 09-2024 o L LFHCal TB: CERN-PS-T09, 09-2024 ] @
c [ CAEN read-out | e [ CAEN read-out | €
3 30 — Run 244=24.600=3.05, no cal =0 | 3 30 — R asturzoshozit o2 3
S ! 8 r 8
25 3 251
20— 4 20 A
L i ] L ]
15— 4 15— A
£ |I E £ ] 10
10 4 10F 4
s 3 L 3
£ 7 £ R ]
£ ] £ LA ] 2F
ol i ol »‘m»w«ri Sty o |
5 10 15 20 25 30 35 40 45 45 50 02
Max,  (arb. units) WldmLG (arb. units)
R o L L B I LAl LA AR RERAN RARRIRARRRRARRN R [ T
2100 LFHCal TB: CERN-PS-T09, 09-2024 — S [ LFHCalTB: CERN.PS-T09, 09.2024, CAEN reaclout 2 45E
s | CAEN read-out _| g [ wheam Ez5 S ®F
g [ = Run 331,4=0.08,=0.00, o cl. i s —v, mmmece“s 50 3
Lo Run 375,4=0.08,0=0.00, no cal 4 e r oV, =397V ©
so— o - Run5114=00800.00, o cal=0 | g [ - Alcelsb=a3A0CV
L - RuN3054=0080-0.00,n0 cal=0 | £ sl 50
Eoa Run 316,1=0.220=0.06, no cal 4 & F E
Foat — Run 312,46=0.09,0=0.01, no cal 1 o [ 30
60— ~— Run 309,1=0.08,0=0.00, no cal - X F 40
r Run 3074=0.080=0.00, nocal=0 | S 30— |
bt 4 L 20
o, b 20l | B E
: L A4 ] 155
b 4 r P | 14—
20—} — 10 -
r 1 i Ji w0
P S I N | Ll 0 i, I I I I
o1 015 02 025 03 035 04 R R °
Max, o/Max,, v (V)

F. Bock & V. Andrieux

LFHCal

T T
Lehical T8 ceRnpe: T09, 002d2e
(CAEN read-out

Run 331.4=0.97.0%0.05, no cal =0
1010005, n0 cal.=
T

1 12
Max, g cqc/Max, o

I
LFHCal TB: CERN-PS- Toe 09-2024
C

N read-out
m, nocal=0
Run 375, 0,03, no cal =0
Run 51141=1.01,0=0.03, no cal =1
Run 305,1=1.05,0=0.03, no cal.=0
32, n0 cal.=98
23.n0 cal.=8
0.11, no cal =1
06, no cal =0

Run 3314

105,

o
R

Run 307 41=1.06 0=

18
Max,

16
LG, calc alter

14
Max,
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Can we use the LG?

3

o Yes, we can use the LG calib.
o For low V,, we have to use the HG and convert it to LG equivalent

a) Maxic,caic = Maxrc/brLc—He
b) Maxic,caic,aiter = (Maxne — aLc—He/bre—He

o For those where low gain fits worked cross checked Max; ¢ caic/Maxic & Maxi ¢ caic,aiter/ Maxic
(right column prev slide), similar agreement offset (a;6_Hg) comparatively small for higher V,,

o Might be in slightly non linear part still
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