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2026 SPS TB - HGCROC Readout
HVScan - analysis status



Overview - HV Scan

time:
19.5.2026 20:22 - 20.5.2026 7:57

Vop varying Vbr = 38.3 V

Gain settings:
▶ RF = 9, CF = 7, CC= 5,

CFcomp=1

µ with large scintillator triggers only center position

⇒ only 6x4 center tiles have enough statistiscs to be considered,
outer columns and rows masked in bad channel map

ToA calibration from run 194 applied to all, not primary
concern as only mips considered in this campaign
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Pedestal calibration
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Pedestal calibration

1

10

210

310

0 500 1000 1500 2000 2500 3000
 cell ID

0

50

100

150

200

250

300

P
ed

es
ta

l A
D

C
 (

ar
b

 u
n

it
s)

 = 44.0 VopVpedestal, Run 188, 

1

10

210

310

410

510

0 500 1000 1500 2000 2500 3000
 cell ID

0

50

100

150

200

250

300

A
D

C
 (

ar
b

. u
n

it
s)

 a
ll 

sa
m

p
le

s

 = 44.0 VopVpedestal, Run 188, 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:0 m:0

const fit
 0.2±a = 96.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:0 m:1
const fit

 0.2±a = 91.4 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:0 m:2

const fit
 0.2±a = 84.1 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:0 m:3

const fit
 0.6±a = 81.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:0 m:4

const fit
 0.2±a = 79.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:0 m:5

const fit
 0.3±a = 80.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:1 m:0
const fit

 0.2±a = 80.9 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:1 m:1
const fit

 0.3±a = 79.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:1 m:2

const fit
 0.2±a = 78.3 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:1 m:3

const fit
 0.3±a = 94.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:1 m:4

const fit
 0.2±a = 78.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:1 m:5

const fit
 0.3±a = 90.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:2 m:0
const fit

 0.2±a = 79.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:2 m:1
const fit

 0.2±a = 81.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:2 m:2

const fit
 0.4±a = 78.1 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:2 m:3

const fit
 0.2±a = 80.9 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:2 m:4

const fit
 0.2±a = 80.4 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:2 m:5

const fit
 0.3±a = 80.5 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:3 m:0
const fit

 0.2±a = 80.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s)

r:0 c:3 m:1
const fit

 0.2±a = 97.9 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:3 m:2

const fit
 0.6±a = 81.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:3 m:3

const fit
 0.2±a = 84.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:3 m:4

const fit
 0.2±a = 80.3 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:0 c:3 m:5

const fit
 0.2±a = 82.2 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:0 m:0

const fit
 0.2±a = 91.3 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:0 m:1

const fit
 0.3±a = 81.2 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:0 m:2

const fit
 0.3±a = 79.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:0 m:3

const fit
 0.7±a = 80.9 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:0 m:4

const fit
 0.2±a = 80.4 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:0 m:5

const fit
 0.2±a = 78.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:1 m:0

const fit
 0.2±a = 80.8 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:1 m:1

const fit
 0.2±a = 80.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:1 m:2

const fit
 0.2±a = 80.8 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:1 m:3

const fit
 0.4±a = 81.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:1 m:4

const fit
 0.2±a = 79.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:1 m:5

const fit
 0.2±a = 80.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:2 m:0

const fit
 0.4±a = 81.0 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:2 m:1

const fit
 0.2±a = 82.1 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:2 m:2

const fit
 0.4±a = 79.8 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:2 m:3

const fit
 0.2±a = 80.3 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:2 m:4

const fit
 0.3±a = 80.9 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:2 m:5

const fit
 0.2±a = 79.3 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:3 m:0

const fit
 0.4±a = 81.6 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:3 m:1

const fit
 0.2±a = 80.4 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:3 m:2

const fit
 0.5±a = 80.7 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:3 m:3

const fit
 0.2±a = 81.2 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:3 m:4

const fit
 0.2±a = 80.5 

0 2 4 6 8 10
 sample 

0

50

100

150

200

250

300

 A
D

C
 (

ar
b

. u
n

it
s) r:1 c:3 m:5 layer:1

const fit
 0.1±a = 80.2 

= 0 GeVbEpedestal-beam, 
 = 44.0 VopVRun 188, 

F. Bock SPS 2026 - HV Scan September 17, 2026 3 / 54



Pedestal calibration

60

70

80

90

100

 (
ar

b.
 u

ni
ts

) 
P

ed
 H

G
µ

 
0 1 2 3 4 5 6 7

 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 44.0 VopVpedestal, Run 188,  = 80.67〉
HG

µ〈

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 (
ar

b.
 u

ni
ts

) 
P

ed
 H

G
σ

 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 44.0 VopVpedestal, Run 188,  = 1.24〉
HG

σ〈

55

60

65

70

75

80

85

90

95

100

 (
ar

b.
 u

ni
ts

)
P

ed
 A

D
C

, w
av

e
µ

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 44.0 VopVpedestal, Run 188,  = 80.82〉
wave

µ〈

10

20

30

40

50

0 50 100 150 200 250
 (arb. units)

noise, 0th sample
µ

0

50

100

150

200

250

 (
ar

b
. u

n
it

s)
n

o
is

e,
 w

av
e

µ

 = 44.0 VopVpedestal, Run 188, 

Pedestal for all readout units set to 80 ADC

Online calibration verified

Fitting converges for most cells (3 missing)

Good correlation between alternative fitting methods for pedestal

Run at 44V used for runs as pedestal, anticipated changes in width not
taken into account during mip fitting

F. Bock SPS 2026 - HV Scan September 17, 2026 3 / 54



Pedestal Comparison
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Pedestal Comparison
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Pedestal Comparison
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=3.94, no cal.=2σ=80.58,µRun 200,
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HGCROC read-out
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=0.00, no cal.=2σ=0.00,µRun 197,
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=0.00, no cal.=2σ=0.00,µRun 200,
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HGCROC read-out
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=0.38, no cal.=2σ=1.25,µRun 197,

=0.38, no cal.=2σ=1.25,µRun 198,
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 CERN-SPS-H2, 05-2026LFHCal TB:
HGCROC read-out
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=0.00, no cal.=2σ=0.00,µRun 198,
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=0.00, no cal.=2σ=0.00,µRun 200,

=0.00, no cal.=2σ=0.00,µRun 201,
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 CERN-SPS-H2, 05-2026LFHCal TB:
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=4.01, no cal.=0σ=80.81,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
HGCROC read-out

Used same pedestal for all runs

‘trivial comparison‘
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Muon Calibration chain - 42 V - Run 201



Muon calibration - 42V: Muons - init (blue)
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Total events: 148780
Landau-Gauss fit, trigg.

 0.37±L MPV = 15.38 
 0.37±Max = 15.38 
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SNR = 22.73
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 42V: Muons - init (blue)

2

4

6

8

10

12

14

16

18

20

 (
ar

b.
 u

ni
ts

) 
st

H
G

, 1
 F

W
H

M

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 42.0 VopV= 50 GeV, Run 201, bE-beam, +µ = 7.8〉 
HG

 FWHM〈

1

2

3

4

5

6

7

8

 (
ar

b.
 u

ni
ts

) 
st

G
,H

G
, 1

σ
 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 42.0 VopV= 50 GeV, Run 201, bE-beam, +µ

5

10

15

20

25

 (
ar

b.
 u

ni
ts

) 
st

H
G

, 1
 M

P
V

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 42.0 VopV= 50 GeV, Run 201, bE-beam, +µ

0.5

1

1.5

2

2.5

3

3.5

 (
ar

b.
 u

ni
ts

) 
st

L,
H

G
, 1

σ
 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el
 = 42.0 VopV= 50 GeV, Run 201, bE-beam, +µ

5

10

15

20

25

 (
ar

b.
 u

ni
ts

) 
st

H
G

, 1
 M

ax

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 42.0 VopV= 50 GeV, Run 201, bE-beam, +µ = 17.5〉 
HG

 Max〈

Most challenging starting point for fits, due to
merging of pedestal & mip peak

Nonetheless reasonable successrate for starting
point

⟨Maxmip⟩ = 17.5

F. Bock SPS 2026 - HV Scan September 17, 2026 5 / 54



Muon calibration - 42V: Muons - Trigger
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Trigger primitives
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 42V: Muons - Trigger
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Muon calibration - 42V: Muons - 0th ite
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 42V: Muons - 0th ite
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Some channels fail miserably

Need significant improvements in particular in
first few layers

Large variations of parameter per layer indicate
suboptimal fitting

⟨Maxmip⟩ = 17.8
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Muon calibration - 42V: Muons - 7th ite
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.

 0.24±L MPV = 11.89 
 0.27±Max = 13.07 

/ndf = 5.542χ
SNR = 12.57

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 

r:0 c:3 m:0

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 

r:0 c:3 m:1

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:0 c:3 m:2

Total events: 61555
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Landau-Gauss fit, trigg.

 0.10±L MPV = 9.87 
 0.11±Max = 10.83 

/ndf = 3.762χ
SNR = 19.99

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:0 c:3 m:5

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:0 m:0

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:0 m:1

Total events: 70388
Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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 0.05±L MPV = 11.73 
 0.06±Max = 12.78 

/ndf = 54.502χ
SNR = 102.55

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:1 m:4

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:1 m:5

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:2 m:0

Total events: 2169
Landau-Gauss fit, trigg.
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Muon calibration - 42V: Muons - 7th ite
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Nearly all channels ”fitable”
Iterative fitting significantly improves fit
successrate
Introduced Vov dependent fit ranges and
parameter start points/limits
2nd row most challenging due to low statistics
Significant reduction in variations of
parameters by layer
⟨Maxmip⟩ = 14.8
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Muon calibration - 42V: Muons - Iterations
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Muon calibration - 42V: Muons - Iterations
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Muon Calibration chain - 42.5 V - Run 202



Muon calibration - 42.5V: Muons - init (blue)
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Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 42.5V: Muons - init (blue)
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Muon calibration - 42.5V: Muons - Trigger
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 42.5V: Muons - Trigger
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SNR µ triggers

Signal reduction Noise reduction

Trigger evaluation for fixed column and row (all
z-segments) if average signal summed over all
active cells in z > 3σped

⇒ Noise suppression could be improved by
increasing nσped

Clear enhancement in trigger primitives, 0th 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 calibration - 42.5V: Muons - 0th ite
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Total events: 146057
Landau-Gauss fit, trigg.

 1.64±L MPV = 14.31 
 1.87±Max = 16.33 

/ndf = 2.742χ
SNR = 4.68
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Total events: 146058
Landau-Gauss fit
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Total events: 145992
Landau-Gauss fit, trigg.
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Total events: 146050
Landau-Gauss fit, trigg.

 0.44±L MPV = 19.53 
 0.48±Max = 21.48 

/ndf = 1.422χ
SNR = 4.64
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Total events: 145991
Landau-Gauss fit, trigg.

 0.01±L MPV = 4.92 
 0.01±Max = 4.29 

/ndf = 15.202χ
SNR = 9.17
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Total events: 146054
Landau-Gauss fit, trigg.

 0.69±L MPV = 16.96 
 0.77±Max = 18.90 

/ndf = 1.692χ
SNR = 6.21
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Total events: 146053
Landau-Gauss fit, trigg.

 1.20±L MPV = 15.95 
 1.33±Max = 17.59 

/ndf = 1.422χ
SNR = 4.76
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Total events: 146076
Landau-Gauss fit, trigg.

 0.98±L MPV = 18.38 
 1.07±Max = 20.13 

/ndf = 0.822χ
SNR = 2.19
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Total events: 145986
Landau-Gauss fit, trigg.

 0.59±L MPV = 14.94 
 0.67±Max = 16.84 

/ndf = 4.312χ
SNR = 14.15
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Total events: 146057
Landau-Gauss fit, trigg.

 1.59±L MPV = 6.04 
 1.58±Max = 6.00 

/ndf = 1.312χ
SNR = 5.02

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:0 m:1

Total events: 146073
Landau-Gauss fit, trigg.

 0.72±L MPV = 4.90 
 0.83±Max = 5.61 

/ndf = 0.822χ
SNR = 2.08
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Total events: 145953
Landau-Gauss fit, trigg.

 1.30±L MPV = 11.57 
 1.53±Max = 13.62 

/ndf = 4.692χ
SNR = 18.48
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Total events: 146077
Landau-Gauss fit, trigg.

 2.53±L MPV = 16.36 
 2.53±Max = 16.36 

/ndf = 0.392χ
SNR = 1.06

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:1 m:1

Total events: 146068
Landau-Gauss fit, trigg.

 0.89±L MPV = 4.60 
 0.89±Max = 4.58 
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SNR = 1.42
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Total events: 146067
Landau-Gauss fit, trigg.

 1.25±L MPV = 15.58 
 1.40±Max = 17.42 
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SNR = 3.53
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Total events: 146010
Landau-Gauss fit, trigg.

 0.41±L MPV = 16.60 
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SNR = 13.82
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Total events: 146076
Landau-Gauss fit, trigg.

 4.04±L MPV = 13.74 
 4.38±Max = 14.93 
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SNR = 1.10
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Total events: 146074
Landau-Gauss fit, trigg.

 2.09±L MPV = 16.86 
 2.09±Max = 16.86 
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SNR = 1.02
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Total events: 146053
Landau-Gauss fit, trigg.

 1.32±L MPV = 16.27 
 1.48±Max = 18.23 

/ndf = 1.492χ
SNR = 5.86
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Total events: 146070
Landau-Gauss fit, trigg.

 0.04±L MPV = 24.99 
 0.04±Max = 24.68 

/ndf = 2.472χ
SNR = 2.19
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 ADC (arb. units)
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Total events: 145975
Landau-Gauss fit, trigg.

 1.55±L MPV = 11.01 
 1.83±Max = 12.95 

/ndf = 7.892χ
SNR = 14.17

Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 42.5V: Muons - 0th ite
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Even fitting first triggered distribution still
yields large variation for parameters within
same layer, fits very unstable

⟨Maxmip⟩ = 22.0
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Muon calibration - 42.5V: Muons - 7th ite
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Total events: 129771
Landau-Gauss fit, trigg.

 0.06±L MPV = 15.47 
 0.07±Max = 16.68 

/ndf = 25.082χ
SNR = 186.76
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Total events: 136589
Landau-Gauss fit, trigg.
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Total events: 61784
Landau-Gauss fit, trigg.

 0.01±L MPV = 23.06 
 0.01±Max = 22.70 
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SNR = 21.10

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:0 c:1 m:3

Total events: 129911
Landau-Gauss fit, trigg.
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Total events: 69021
Landau-Gauss fit, trigg.

 0.44±L MPV = 16.83 
 0.48±Max = 18.28 

/ndf = 2.312χ
SNR = 15.95
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Total events: 136640
Landau-Gauss fit, trigg.
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Total events: 129983
Landau-Gauss fit, trigg.

 0.18±L MPV = 18.59 
 0.20±Max = 20.46 
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Total events: 69003
Landau-Gauss fit, trigg.

 0.02±L MPV = 22.44 
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Total events: 136666
Landau-Gauss fit, trigg.
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SNR = 13.25
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Total events: 61587
Landau-Gauss fit, trigg.

 0.07±L MPV = 16.52 
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Total events: 68995
Landau-Gauss fit, trigg.

 0.01±L MPV = 23.04 
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SNR = 35.73
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Total events: 71410
Landau-Gauss fit, trigg.

 0.04±L MPV = 22.15 
 0.04±Max = 21.70 
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SNR = 13.98
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Total events: 129805
Landau-Gauss fit, trigg.
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Total events: 2720
Landau-Gauss fit, trigg.
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Total events: 71411
Landau-Gauss fit, trigg.
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SNR = 12.92

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510
 c

o
u

n
ts

 r:1 c:1 m:2
Total events: 61786
Landau-Gauss fit, trigg.
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Total events: 129938
Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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 0.25±Max = 14.03 

/ndf = 2.892χ
SNR = 19.06

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:3 m:1

20− 0 20 40 60 80 100 120 140
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:1 c:3 m:2

Total events: 61398
Landau-Gauss fit, trigg.
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Muon calibration - 42.5V: Muons - 7th ite
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Muon calibration - 42.5V: Muons - Iterations
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Muon calibration - 42.5V: Muons - Iterations
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Reduced mip selection range for trigger
primitives
0.8⟨Maxmip⟩ < triggprim < 2.5⟨Maxmip⟩

⇒ Further reduction of noise peak
Refined fitting during improved iterations using
average mip from previous iteration as basis
for constraints
Some cells still vary between 4th and 5th

iteration (low statistics cells)
0th iteration not reliable for calibration
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Muon Calibration chain - 43 V - Run 195



Muon calibration - 43V: Muons - init (blue)
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 43V: Muons - init (blue)
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Muon calibration - 43V: Muons - Trigger
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Trigger primitives
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 43V: Muons - Trigger

2

4

6

8

10

12

14

16

18

20

22

24

 S
N

R
 

0 1 2 3 4 5 6 7
 layers

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 43.0 VopV= 50 GeV, Run 195, bE-beam, +µ

2−10

1−10

 S
/B

 s
ig

na
l r

eg
io

n

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 43.0 VopV= 50 GeV, Run 195, bE-beam, +µ

310

410

 c
ou

nt
s 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 43.0 VopV= 50 GeV, Run 195, bE-beam, +µevt. collected = 264807

3−10

2−10

 S
/B

 n
oi

se
 r

eg
io

n

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el
 = 43.0 VopV= 50 GeV, Run 195, bE-beam, +µ

0 5 10 15 20 25 30 35 40 45
 (arb. units) trig# Pos

0

20

40

60

80

100

120

140

160

180

200

310×

 c
o

u
n

ts
 

 = 43.0 VopV= 50 GeV, Run 195, bE-beam, +µ

µ trig. pos./event

SNR µ triggers

Signal reduction Noise reduction

Trigger evaluation for fixed column and row (all
z-segments) if average signal summed over all
active cells in z > 3σped

⇒ Noise suppression could be improved by
increasing nσped

Clear enhancement in trigger primitives, 0th 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)

F. Bock SPS 2026 - HV Scan September 17, 2026 16 / 54



Muon calibration - 43V: Muons - 0th ite
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 43V: Muons - 0th ite
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Muon calibration - 43V: Muons - 7th ite
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Muon calibration - 43V: Muons - Iterations
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Muon calibration - 43V: Muons - Iterations
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Muon Calibration chain - 43.5 V - Run 196



Muon calibration - 43.5V: Muons - init (blue)
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 43.5V: Muons - init (blue)
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Muon calibration - 43.5V: Muons - Trigger
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Muon calibration - 43.5V: Muons - Trigger
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Signal reduction Noise reduction

Trigger evaluation for fixed column and row (all
z-segments) if average signal summed over all
active cells in z > 3σped

⇒ Noise suppression could be improved by
increasing nσped

Clear enhancement in trigger primitives, 0th 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 calibration - 43.5V: Muons - 0th ite
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Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 43.5V: Muons - 0th ite
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Nearly all fits converge

parameters vary significantly for low statistics
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⟨Maxmip⟩ = 41.4
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Muon calibration - 43.5V: Muons - 7th ite
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Muon calibration - 43.5V: Muons - 7th ite
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Very good convergence of fits

Suppressed pedestal peak in trigger spectrum
& refinement of limits/starting parameters
during improved fitting routine results in larger
uniformity of parameters per layer

⟨Maxmip⟩ = 41.8
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Muon calibration - 43.5V: Muons - Iterations
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Muon calibration - 43.5V: Muons - Iterations

20 30 40 50 60 70 80
 (arb. units) HGMax

0

2

4

6

8

10

12

 c
o

u
n

ts
 

=13.24, no cal.=4σ=41.38,µit. 0,

=13.10, no cal.=2σ=41.80,µit. 1,

=13.12, no cal.=2σ=41.83,µit. 2,

=13.12, no cal.=2σ=41.82,µit. 3,

=13.12, no cal.=2σ=41.82,µit. 4,

=13.12, no cal.=2σ=41.82,µit. 5,

=13.12, no cal.=2σ=41.82,µit. 6,

=13.12, no cal.=2σ=41.82,µit. 7,

 CERN-SPS-H2, 05-2026LFHCal TB:
HGCROC read-out

 = 43.5 VopCommon V
, Run 196+µ

0 10 20 30 40 50 60
 (arb. units) HGWidth

0

2

4

6

8

10

12

14

16

 c
o

u
n

ts
 

=9.13, no cal.=4σ=25.92,µit. 0,

=8.85, no cal.=2σ=25.16,µit. 1,

=8.84, no cal.=2σ=25.38,µit. 2,

=8.85, no cal.=2σ=25.37,µit. 3,

=8.85, no cal.=2σ=25.37,µit. 4,

=8.85, no cal.=2σ=25.37,µit. 5,

=8.85, no cal.=2σ=25.37,µit. 6,

=8.85, no cal.=2σ=25.37,µit. 7,

 CERN-SPS-H2, 05-2026LFHCal TB:
HGCROC read-out

 = 43.5 VopCommon V
, Run 196+µ

4− 2− 0 2 4 6
 (arb. units)HG,ref run-MaxHG Max

0

10

20

30

40

50

 c
o

u
n

ts
 

=0.97, no cal.=2σ=0.43,µit. 1,

=0.98, no cal.=2σ=0.45,µit. 2,

=0.98, no cal.=2σ=0.45,µit. 3,

=0.98, no cal.=2σ=0.45,µit. 4,

=0.98, no cal.=2σ=0.45,µit. 5,

=0.98, no cal.=2σ=0.45,µit. 6,

=0.98, no cal.=2σ=0.45,µit. 7,

 CERN-SPS-H2, 05-2026LFHCal TB:
HGCROC read-out

 = 43.5 VopCommon V
, Run 196, Ref Run  0+µ

0 1 2 3 4 5 6 7
iteration

20

40

60

80

100

120
 (

ar
b

. u
n

it
s)

H
G

M
ax

Layer

0 1 2 3 4 5 6 7

 CERN-SPS-H2, 05-2026LFHCal TB:
= 50 GeVbE-beam, +µ

1

2

3

4

5

6

7

 (
ar

b.
 u

ni
ts

) 
A

D
C

, r
ef

 r
un

 M
ax

0 50 100 150 200
 (arb. units)ADCMax

0

50

100

150

200

 (
ar

b
. u

n
it

s)
A

D
C

, r
ef

 r
u

n
 M

ax

 = 43.5 VopV= 50 GeV, Run 196, bE-beam, +µRef it. 0

Reduced mip selection range for trigger
primitives
0.8⟨Maxmip⟩ < triggprim < 2.5⟨Maxmip⟩

⇒ 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

F. Bock SPS 2026 - HV Scan September 17, 2026 24 / 54



Muon Calibration chain - 44 V - Run 194



Muon calibration - 44V: Muons - init (blue)
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Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 44V: Muons - init (blue)
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Most parameter start points optimized for 44V
→ very few failures

Primarily failing for channels with low statistics

⟨Maxmip⟩ = 46.0
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Muon calibration - 44V: Muons - Trigger
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 44V: Muons - Trigger
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on next page)
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Muon calibration - 44V: Muons - 0th ite
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Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 44V: Muons - 0th ite
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Good parameter uniformity per layer

⟨Maxmip⟩ = 51.4
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Muon calibration - 44V: Muons - 7th ite
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Landau-Gauss fit, trigg.
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Muon calibration - 44V: Muons - 7th ite
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Muon calibration - 44V: Muons - Iterations
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Muon calibration - 44V: Muons - Iterations
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Reduced mip selection range for trigger
primitives
0.8⟨Maxmip⟩ < triggprim < 2.5⟨Maxmip⟩

⇒ 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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Muon Calibration chain - 44.5 V - Run 197



Muon calibration - 44.5V: Muons - init (blue)
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Muon calibration - 44.5V: Muons - init (blue)
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Muon calibration - 44.5V: Muons - Trigger
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Muon calibration - 44.5V: Muons - Trigger
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Muon calibration - 44.5V: Muons - 0th ite
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Muon calibration - 44.5V: Muons - 0th ite
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Muon calibration - 44.5V: Muons - 7th ite
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Muon calibration - 44.5V: Muons - 7th ite
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Muon calibration - 44.5V: Muons - Iterations
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Muon calibration - 44.5V: Muons - Iterations
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Refined fitting during improved iterations using
average mip from previous iteration as basis
for constraints
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Muon Calibration chain - 45 V - Run 198



Muon calibration - 45V: Muons - init (blue)
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Outer columns and rows masked due to too low statistics (plotting suboptimal).

F. Bock SPS 2026 - HV Scan September 17, 2026 35 / 54



Muon calibration - 45V: Muons - init (blue)
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Muon calibration - 45V: Muons - Trigger
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Outer columns and rows masked due to too low statistics (plotting suboptimal).

F. Bock SPS 2026 - HV Scan September 17, 2026 36 / 54



Muon calibration - 45V: Muons - Trigger

5

10

15

20

25

30

35

 S
N

R
 

0 1 2 3 4 5 6 7
 layers

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.0 VopV= 50 GeV, Run 198, bE-beam, +µ

2−10

1−10

 S
/B

 s
ig

na
l r

eg
io

n

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.0 VopV= 50 GeV, Run 198, bE-beam, +µ

310

410  c
ou

nt
s 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.0 VopV= 50 GeV, Run 198, bE-beam, +µevt. collected = 148666

3−10

2−10

 S
/B

 n
oi

se
 r

eg
io

n

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el
 = 45.0 VopV= 50 GeV, Run 198, bE-beam, +µ

0 5 10 15 20 25 30 35 40 45
 (arb. units) trig# Pos

0

10

20

30

40

50

60

70

80

310×

 c
o

u
n

ts
 

 = 45.0 VopV= 50 GeV, Run 198, bE-beam, +µ

µ trig. pos./event

SNR µ triggers

Signal reduction Noise reduction

Trigger evaluation for fixed column and row (all
z-segments) if average signal summed over all
active cells in z > 3σped

⇒ Noise suppression could be improved by
increasing nσped

Clear enhancement in trigger primitives, 0th 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 calibration - 45V: Muons - 0th ite
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.

 0.18±L MPV = 51.92 
 0.20±Max = 56.60 

/ndf = 7.572χ
SNR = 16.96

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

510

 c
o

u
n

ts
 r:0 c:3 m:4

Total events: 148602
Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.

 0.18±L MPV = 52.48 
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/ndf = 11.162χ
SNR = 16.71

Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 45V: Muons - 0th ite
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Later layers fit much better due to adaptation
of parameters based on initial fit results

Much fewer limits reached, parameters more
uniform within same layer

⟨Maxmip⟩ = 72.5
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Muon calibration - 45V: Muons - 7th ite
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.

 0.57±L MPV = 50.04 
 0.63±Max = 55.03 

/ndf = 1.852χ
SNR = 30.28

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:1 m:3

Total events: 136100
Landau-Gauss fit, trigg.

 0.23±L MPV = 58.33 
 0.25±Max = 63.14 

/ndf = 6.112χ
SNR = 470.73

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:1 m:4

Total events: 75951
Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.

 0.19±L MPV = 54.45 
 0.20±Max = 57.54 

/ndf = 4.822χ
SNR = 222.87

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:0

Total events: 4041
Landau-Gauss fit, trigg.
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Muon calibration - 45V: Muons - 7th ite
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Muon calibration - 45V: Muons - Iterations
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Muon calibration - 45V: Muons - Iterations
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Muon Calibration chain - 45.5 V - Run 199



Muon calibration - 45.5V: Muons - init (blue)
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 45.5V: Muons - init (blue)
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Muon calibration - 45.5V: Muons - Trigger
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 45.5V: Muons - Trigger
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Muon calibration - 45.5V: Muons - 0th ite
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 45.5V: Muons - 0th ite

20

40

60

80

100

 (
ar

b.
 u

ni
ts

) 
nd

H
G

, 2
 F

W
H

M

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.5 VopV= 50 GeV, Run 199, bE-beam, +µ = 52.8〉 
HG

 FWHM〈

10

20

30

40

50

60

70

80

90

 (
ar

b.
 u

ni
ts

) 
nd

G
,H

G
, 2

σ
 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.5 VopV= 50 GeV, Run 199, bE-beam, +µ

40

60

80

100

120

140

 (
ar

b.
 u

ni
ts

) 
nd

H
G

, 2
 M

P
V

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.5 VopV= 50 GeV, Run 199, bE-beam, +µ

1

2

3

4

5

6

 (
ar

b.
 u

ni
ts

) 
nd

L,
H

G
, 2

σ
 

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el
 = 45.5 VopV= 50 GeV, Run 199, bE-beam, +µ

40

60

80

100

120

140

160

 (
ar

b.
 u

ni
ts

) 
nd

H
G

, 2
 M

ax

0 1 2 3 4 5 6 7
 layer

0

5

10

15

20

25

30

35

40

45

 b
rd

 c
h

an
n

el

 = 45.5 VopV= 50 GeV, Run 199, bE-beam, +µ = 82.6〉 
HG

 Max〈

Large fraction of channels succeeds in fitting
routine, but results at lower or upper bound

In particular width affected by fitting limits

⟨Maxmip⟩ = 82.6
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Muon calibration - 45.5V: Muons - 7th ite
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 0.50±L MPV = 58.77 
 0.54±Max = 62.60 

/ndf = 1.722χ
SNR = 50.75

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:2 m:5

Total events: 141925
Landau-Gauss fit, trigg.

 1.35±L MPV = 60.15 
 1.50±Max = 66.66 

/ndf = 1.132χ
SNR = 20.75

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 

r:0 c:3 m:0

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 

r:0 c:3 m:1

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:3 m:2

Total events: 64955
Landau-Gauss fit, trigg.

 0.19±L MPV = 60.38 
 0.20±Max = 64.49 

/ndf = 5.232χ
SNR = 309.23

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:3 m:3

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:3 m:4

Total events: 75372
Landau-Gauss fit, trigg.

 0.45±L MPV = 55.86 
 0.49±Max = 60.28 

/ndf = 1.832χ
SNR = 44.09

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:0 c:3 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:0 m:0

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:0 m:1

Total events: 78605
Landau-Gauss fit, trigg.

 1.09±L MPV = 54.52 
 1.20±Max = 59.94 

/ndf = 0.952χ
SNR = 19.77

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:0 m:2

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:0 m:3

Total events: 134779
Landau-Gauss fit, trigg.

 0.19±L MPV = 62.46 
 0.20±Max = 65.94 

/ndf = 4.582χ
SNR = 276.88

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:0 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:0 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:0

Total events: 4260
Landau-Gauss fit, trigg.

 6.98±L MPV = 34.79 
 8.78±Max = 43.75 

/ndf = 0.662χ
SNR = 8.42

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:1

Total events: 78704
Landau-Gauss fit, trigg.

 1.81±L MPV = 53.94 
 2.05±Max = 61.01 

/ndf = 1.002χ
SNR = 15.57

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:2

Total events: 65851
Landau-Gauss fit, trigg.

 0.63±L MPV = 57.66 
 0.69±Max = 62.84 

/ndf = 1.742χ
SNR = 49.38

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:3

Total events: 135067
Landau-Gauss fit, trigg.

 0.22±L MPV = 62.39 
 0.23±Max = 66.46 

/ndf = 4.102χ
SNR = 298.43

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:0

Total events: 4208
Landau-Gauss fit, trigg.

 1.37±L MPV = 54.77 
 1.51±Max = 60.36 

/ndf = 0.962χ
SNR = 12.68

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:1

Total events: 78744
Landau-Gauss fit, trigg.

 3.72±L MPV = 51.71 
 4.28±Max = 59.51 

/ndf = 0.642χ
SNR = 21.25

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:2

Total events: 65562
Landau-Gauss fit, trigg.

 0.26±L MPV = 60.18 
 0.29±Max = 65.87 

/ndf = 7.332χ
SNR = 235.89

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:3

Total events: 135322
Landau-Gauss fit, trigg.

 0.44±L MPV = 63.73 
 0.47±Max = 68.33 

/ndf = 2.042χ
SNR = 89.34

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410
 c

o
u

n
ts

 r:1 c:3 m:0
Total events: 3558
Landau-Gauss fit, trigg.

 1.14±L MPV = 56.45 
 1.26±Max = 62.09 

/ndf = 1.012χ
SNR = 16.97

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:1

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:2

Total events: 64401
Landau-Gauss fit, trigg.

 0.18±L MPV = 61.38 
 0.19±Max = 64.84 

/ndf = 6.542χ
SNR = 198.75

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:3

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:5 layer 1

= 50 GeVbE-beam, +µ
 = 45.5 VopVRun 199, 

F. Bock SPS 2026 - HV Scan September 17, 2026 43 / 54



Muon calibration - 45.5V: Muons - 7th ite
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Muon calibration - 45.5V: Muons - Iterations
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Muon calibration - 45.5V: Muons - Iterations
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Muon Calibration chain - 46 V - Run 200



Muon calibration - 46V: Muons - init (blue)
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Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 46V: Muons - init (blue)
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Muon calibration - 46V: Muons - Trigger
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Muon calibration - 46V: Muons - Trigger
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Muon calibration - 46V: Muons - 0th ite
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 0.27±L MPV = 68.57 
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SNR = 17.56

Layer 1

Outer columns and rows masked due to too low statistics (plotting suboptimal).
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Muon calibration - 46V: Muons - 0th ite
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Most fits recover already in first
triggered fit, some limits reached due to
suboptimal mean in previous iteration

Much more stable parameters per layer

Large increase in mean Maxmip with
respect to initial results

⟨Maxmip⟩ = 93.4
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Muon calibration - 46V: Muons - 7th ite
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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Landau-Gauss fit, trigg.
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 0.27±L MPV = 71.96 
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Landau-Gauss fit, trigg.

 0.28±L MPV = 71.24 
 0.31±Max = 77.24 

/ndf = 5.632χ
SNR = 426.54

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:1 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:0

Total events: 4527
Landau-Gauss fit, trigg.

 1.75±L MPV = 62.68 
 1.94±Max = 69.54 

/ndf = 0.852χ
SNR = 13.69

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:1

Total events: 80776
Landau-Gauss fit, trigg.

 3.97±L MPV = 54.79 
 4.61±Max = 63.56 

/ndf = 0.612χ
SNR = 10.70

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:2

Total events: 66669
Landau-Gauss fit, trigg.

 0.25±L MPV = 67.99 
 0.27±Max = 72.93 

/ndf = 4.572χ
SNR = 231.32

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:3

Total events: 137144
Landau-Gauss fit, trigg.

 0.54±L MPV = 73.13 
 0.59±Max = 79.15 

/ndf = 2.192χ
SNR = 184.88

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:2 m:5

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410
 c

o
u

n
ts

 r:1 c:3 m:0
Total events: 3779
Landau-Gauss fit, trigg.

 1.19±L MPV = 62.68 
 1.30±Max = 68.78 

/ndf = 1.122χ
SNR = 23.88

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:1

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:2

Total events: 65277
Landau-Gauss fit, trigg.

 0.21±L MPV = 69.78 
 0.22±Max = 73.99 

/ndf = 6.202χ
SNR = 192.04

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:3

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:4

0 50 100 150 200 250
 ADC (arb. units)

1

10

210

310

410

 c
o

u
n

ts
 r:1 c:3 m:5 layer 1

= 50 GeVbE-beam, +µ
 = 46.0 VopVRun 200, 

F. Bock SPS 2026 - HV Scan September 17, 2026 48 / 54



Muon calibration - 46V: Muons - 7th ite
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Nearly all channels ”fitable”

Very few instable fits (primarily width
parameter) in higher layers, otherwise
parameters very stable for each layers

⟨Maxmip⟩ = 98.3
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Muon calibration - 46V: Muons - Iterations
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Muon calibration - 46V: Muons - Iterations
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=31.34, no cal.=6σ=93.43,µit. 0,

=33.12, no cal.=3σ=97.04,µit. 1,

=32.87, no cal.=3σ=97.34,µit. 2,
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 = 46.0 VopV= 50 GeV, Run 200, bE-beam, +µRef it. 0

Reduced mip selection range for trigger
primitives
0.8⟨Maxmip⟩ < triggprim < 2.5⟨Maxmip⟩

⇒ Further reduction of noise peak
Refined fitting during improved iterations using
average mip from previous iteration as basis for
constraints
Still variations for later layers during 5th

iteration, slowly converging
Bulk of cells well calibrated after 3rd iteration
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HV Scan comparison
Initial look



HV Scan - Comparison (1)
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HV Scan - Comparison (1)
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HV Scan - Comparison (1)
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HV Scan - Comparison (2)
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=16.74, no cal.=4σ=52.11,µRun 194,

=9.87, no cal.=2σ=32.09,µRun 195,

=13.12, no cal.=2σ=41.82,µRun 196,

=20.31, no cal.=2σ=62.83,µRun 197,

=24.22, no cal.=2σ=74.00,µRun 198,

=28.20, no cal.=1σ=85.24,µRun 199,

=35.60, no cal.=2σ=98.33,µRun 200,

=4.34, no cal.=2σ=14.80,µRun 201,

=6.65, no cal.=2σ=23.57,µRun 202,
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HGCROC read-out
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=12.65, no cal.=4σ=31.79,µRun 194,

=5.70, no cal.=2σ=18.57,µRun 195,

=8.85, no cal.=2σ=25.37,µRun 196,
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HV Scan - Max Mip per layer
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=4.07, no cal.=0σ=34.62,µRun 194,

=3.25, no cal.=0σ=21.67,µRun 195,

=3.49, no cal.=0σ=28.12,µRun 196,

=4.95, no cal.=0σ=41.67,µRun 197,

=5.97, no cal.=0σ=48.04,µRun 198,

=7.55, no cal.=0σ=55.21,µRun 199,

=8.14, no cal.=0σ=63.04,µRun 200,

=1.20, no cal.=0σ=10.70,µRun 201,

=3.45, no cal.=0σ=17.75,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 0, HGCROC read-out
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=9.58, no cal.=2σ=53.12,µRun 194,

=5.70, no cal.=1σ=32.99,µRun 195,

=7.49, no cal.=1σ=43.03,µRun 196,

=10.92, no cal.=1σ=64.12,µRun 197,

=12.04, no cal.=1σ=76.21,µRun 198,

=14.25, no cal.=0σ=87.96,µRun 199,

=41.19, no cal.=0σ=109.12,µRun 200,

=3.19, no cal.=1σ=15.07,µRun 201,

=4.24, no cal.=1σ=23.47,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 4, HGCROC read-out
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=3.33, no cal.=0σ=39.67,µRun 194,

=2.20, no cal.=0σ=25.00,µRun 195,

=2.62, no cal.=0σ=32.12,µRun 196,

=3.41, no cal.=0σ=47.67,µRun 197,

=3.68, no cal.=0σ=55.96,µRun 198,

=5.79, no cal.=0σ=64.04,µRun 199,

=7.11, no cal.=0σ=72.67,µRun 200,

=1.29, no cal.=0σ=11.99,µRun 201,

=2.32, no cal.=0σ=18.88,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 1, HGCROC read-out
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=6.71, no cal.=0σ=61.79,µRun 194,

=4.10, no cal.=0σ=37.79,µRun 195,

=5.25, no cal.=0σ=49.08,µRun 196,

=7.68, no cal.=0σ=74.67,µRun 197,

=9.17, no cal.=0σ=87.04,µRun 198,

=10.88, no cal.=0σ=101.17,µRun 199,

=12.57, no cal.=0σ=115.58,µRun 200,

=2.04, no cal.=0σ=17.03,µRun 201,

=3.12, no cal.=0σ=26.79,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 5, HGCROC read-out

10 20 30 40 50 60 70 80
 (arb. units) HGMax

0

2

4

6

8

10

12

 c
o

u
n

ts
 

=4.43, no cal.=0σ=39.46,µRun 194,

=2.94, no cal.=0σ=25.04,µRun 195,

=3.51, no cal.=0σ=32.21,µRun 196,

=5.42, no cal.=0σ=47.21,µRun 197,

=6.19, no cal.=0σ=55.54,µRun 198,

=7.26, no cal.=0σ=64.04,µRun 199,

=9.38, no cal.=0σ=71.71,µRun 200,

=0.97, no cal.=0σ=11.86,µRun 201,

=2.51, no cal.=0σ=18.96,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 2, HGCROC read-out
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=5.18, no cal.=2σ=68.90,µRun 194,

=2.81, no cal.=1σ=41.60,µRun 195,

=4.01, no cal.=1σ=54.77,µRun 196,

=5.36, no cal.=1σ=83.68,µRun 197,

=6.76, no cal.=1σ=98.73,µRun 198,

=7.76, no cal.=1σ=114.29,µRun 199,

=9.37, no cal.=1σ=130.86,µRun 200,

=1.40, no cal.=1σ=19.30,µRun 201,

=2.32, no cal.=1σ=30.08,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 6, HGCROC read-out
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=6.20, no cal.=0σ=39.83,µRun 194,

=3.57, no cal.=0σ=24.75,µRun 195,

=4.88, no cal.=0σ=32.04,µRun 196,

=7.62, no cal.=0σ=47.96,µRun 197,

=8.71, no cal.=0σ=56.25,µRun 198,

=10.21, no cal.=0σ=63.96,µRun 199,

=11.80, no cal.=0σ=73.46,µRun 200,

=1.61, no cal.=0σ=12.16,µRun 201,

=3.17, no cal.=0σ=18.42,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 3, HGCROC read-out
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=7.90, no cal.=0σ=80.12,µRun 194,

=4.68, no cal.=0σ=48.54,µRun 195,

=5.96, no cal.=0σ=64.00,µRun 196,

=8.85, no cal.=0σ=96.62,µRun 197,

=10.49, no cal.=0σ=115.12,µRun 198,

=12.05, no cal.=0σ=132.50,µRun 199,

=13.65, no cal.=1σ=153.64,µRun 200,

=1.93, no cal.=0σ=22.16,µRun 201,

=3.29, no cal.=0σ=34.42,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 7, HGCROC read-out
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HV Scan - FWHM Mip per layer
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=4.96, no cal.=0σ=21.79,µRun 194,

=2.98, no cal.=0σ=13.38,µRun 195,

=2.10, no cal.=0σ=17.79,µRun 196,

=6.53, no cal.=0σ=27.50,µRun 197,

=5.10, no cal.=0σ=30.21,µRun 198,

=10.55, no cal.=0σ=37.46,µRun 199,

=9.38, no cal.=0σ=43.08,µRun 200,

=0.76, no cal.=2σ=7.71,µRun 201,

=1.14, no cal.=0σ=10.31,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 0, HGCROC read-out
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=10.09, no cal.=2σ=30.30,µRun 194,

=4.52, no cal.=1σ=17.60,µRun 195,

=5.88, no cal.=1σ=23.47,µRun 196,

=11.20, no cal.=2σ=34.95,µRun 197,

=15.45, no cal.=0σ=47.88,µRun 198,

=17.93, no cal.=0σ=51.46,µRun 199,

=17.16, no cal.=0σ=63.25,µRun 200,

=2.00, no cal.=3σ=8.73,µRun 201,

=2.30, no cal.=1σ=12.93,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 4, HGCROC read-out
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=5.32, no cal.=0σ=26.29,µRun 194,

=1.34, no cal.=0σ=15.96,µRun 195,

=2.96, no cal.=0σ=20.62,µRun 196,

=6.05, no cal.=0σ=31.67,µRun 197,

=7.22, no cal.=0σ=38.62,µRun 198,

=11.68, no cal.=0σ=46.62,µRun 199,

=13.76, no cal.=0σ=53.54,µRun 200,

=0.76, no cal.=0σ=8.60,µRun 201,

=2.87, no cal.=0σ=11.70,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 1, HGCROC read-out
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=6.91, no cal.=0σ=36.50,µRun 194,

=3.53, no cal.=0σ=20.00,µRun 195,

=7.86, no cal.=0σ=29.00,µRun 196,

=10.28, no cal.=0σ=46.25,µRun 197,

=11.95, no cal.=0σ=53.16,µRun 198,

=19.71, no cal.=0σ=62.38,µRun 199,

=25.57, no cal.=1σ=75.25,µRun 200,

=1.50, no cal.=0σ=9.83,µRun 201,

=2.65, no cal.=0σ=14.54,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 5, HGCROC read-out
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=7.20, no cal.=0σ=26.96,µRun 194,

=3.70, no cal.=0σ=16.29,µRun 195,

=3.52, no cal.=0σ=19.83,µRun 196,

=8.91, no cal.=1σ=29.25,µRun 197,

=9.95, no cal.=0σ=39.29,µRun 198,

=10.41, no cal.=0σ=44.46,µRun 199,

=17.83, no cal.=0σ=49.92,µRun 200,

=1.81, no cal.=0σ=8.77,µRun 201,

=1.54, no cal.=0σ=12.05,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 2, HGCROC read-out
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=9.34, no cal.=2σ=42.90,µRun 194,

=3.35, no cal.=1σ=22.38,µRun 195,

=7.11, no cal.=1σ=33.08,µRun 196,

=10.91, no cal.=1σ=52.68,µRun 197,

=10.96, no cal.=1σ=63.34,µRun 198,

=17.45, no cal.=1σ=76.86,µRun 199,

=18.37, no cal.=1σ=90.02,µRun 200,

=1.31, no cal.=1σ=11.08,µRun 201,

=2.71, no cal.=1σ=16.90,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 6, HGCROC read-out
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=4.59, no cal.=0σ=24.83,µRun 194,

=1.87, no cal.=0σ=15.04,µRun 195,

=3.94, no cal.=0σ=20.25,µRun 196,

=7.48, no cal.=0σ=30.54,µRun 197,

=8.49, no cal.=0σ=37.62,µRun 198,

=12.68, no cal.=0σ=40.75,µRun 199,

=14.98, no cal.=0σ=52.38,µRun 200,

=1.08, no cal.=2σ=8.11,µRun 201,

=1.93, no cal.=0σ=11.48,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 3, HGCROC read-out
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=12.65, no cal.=0σ=49.04,µRun 194,

=5.57, no cal.=0σ=27.92,µRun 195,

=6.58, no cal.=0σ=39.04,µRun 196,

=12.83, no cal.=0σ=64.92,µRun 197,

=14.36, no cal.=0σ=78.71,µRun 198,

=25.66, no cal.=1σ=84.62,µRun 199,

=27.26, no cal.=1σ=102.90,µRun 200,

=1.10, no cal.=0σ=12.54,µRun 201,

=3.61, no cal.=0σ=19.82,µRun 202,

 CERN-SPS-H2, 05-2026LFHCal TB:
Layer 7, HGCROC read-out
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Calibration summary - HV Scan



Calibration summary

All cells in outer column and rows masked, maximum number of good cells: 192

ToA offset calibration taken from run 194 (muon run) for all runs

Final calibration for each run can be found here
▶ 42 V - run 201 [txt-file]
▶ 42.5 V - run 202 [txt-file]
▶ 43 V - run 195 [txt-file]
▶ 43.5 V - run 196 [txt-file]
▶ 44 V - run 194 [txt-file]
▶ 44.5 V - run 197 [txt-file]
▶ 45 V - run 198 [txt-file]
▶ 45.5 V - run 199 [txt-file]
▶ 46 V - run 200 [txt-file]
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https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_42V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_42_5V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_43V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_43_5V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_44V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_44_5V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_45V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_45_5V.txt
https://github.com/eic/epic-lfhcal-tbana/blob/main/calibrations/TB2026/calib_SPS-H2_HVScan_46V.txt
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