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Basic information

data collected on the last night of the extended SPS run period

this presentation focuses on a single SiPM run: 20260604-231255

dRICH was in C,F gas configuration: Marco/Fulvio for more details
according to notes, dRICH was rotated in n = 3.2 configuration

did not focus too much on timing calibration, it is decent but not ideal
events tagged with the timing-scintillator system

finger-scintillator trigger tagging is available, but not used in this analysis

the processed data used for this analysis is available to anyone interested

https://cernbox.cern.ch/s/eadm1fRrJa94Jn7

a trivial ROOT TTree of POD types containing the recorded hits
nhits, x[nhits], y[nhits], time[nhits]


https://cernbox.cern.ch/s/ea4m1fRrJq94Jn7

some event-display
Images
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hit times represented with colour coding, hits clustered in time forming a circular pattern
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that might look like as multiple-ring events, but at | would not bet what this is (rings are too large for C,F )
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some events look like a total mess, but timing reveals a clean ring underneath
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some events seem to be gone wild, maybe something was not properly tuned in electronics settings



focus on one-ring
events
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which are the majority
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but the pattern-recognition algorithm is not perfect and sometime it flags a messier event as a one-ring event
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one might try to do pattern recognition and event selection better, but for the moment this analysis remains a bit contaminated 22
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Inverse ray-tracing
reconstruction



# All coordinates and radii are in millimetres, angles are in radians.
# These values describe the nominal optical geometry.
# Data-derived alignment corrections belong in a separate configuration.

[mirror]

center = (1150.08, 0.0, 939.0)

radius = 2203.01

pivot center = (327.9, 0.0, 3110.6) # Mechanical rotation pivot of the mirror,

rotation vector = (0.0, 0.0, 0.0) # Mirror rotation about the mechanical pivot.

[detector]

sphere center = (1834.0, 0.0, 1414.0) # The photodetector is a tangent plane located on a nominal sphere.
sphere radius = 1100.0

theta = -0.66041320 # Direction from the sphere centre to the tangent-plane centre
phi = 0.0 # plane centre = (1163.3, 0.0, 2282.6) mm.

rotation vector = (0.0, 0.0, 0.0) # Rotation of the detector plane about its fixed plane centre.
[track]

origin = (0.0, 0.0, 0.0)

direction = (0.0, 0.0, 1.0) # The track goes along the z axis.

emission z = 2534.0 #

[assembly]

rotation x pivot = (0.0, 0.0, 2500.0) # Rotation pivots and angles of the whole dRICH assembly.
rotation x = 0.0

rotation y pivot = (0.0, 0.0, 0.0)

rotation y = -0.081479300 # This corresponds to eta = 3.

nominal detector geometry parameters

in millimetres.

The pseudorapidity is defined by a rotation of the whole dRICH assembly.
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# All coordinates and radii are in millin
# These values describe the nominal optic
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events with one ring
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fitting geometry
parameters



# Best SPS geometry fit found with eta = 3.2 fixed.

# name start min max status
assembly rotation x 0.0 -0.1 0.1 fixed
assembly rotation y -0.081479300 -0.2 0.2 fixed
assembly rotation x pivot y 0.0 -500.0 500.0 fixed
assembly rotation x pivot z 2500.0 1500.0 3500.0 fixed
emission z 2534.0 2300.0 2700.0 fixed
mirror delta x 0.0 -100.0 100.0 fixed
mirror delta y 0.0 -100.0 100.0 fixed
mirror delta z 0.0 -100.0 100.0 fixed
mirror delta r 0.0 -100.0 100.0 fixed
mirror_ rotation_x 0.0314381 -0.1 0.1 free
mirror_ rotation_y 0.0563053 -0.1 0.1 free
mirror rotation z 0.0 -0.01 0.01 fixed
detector delta x 0.0 -100.0 100.0 fixed
detector delta y 0.0 -100.0 100.0 fixed
detector delta z 0.0 -100.0 100.0 fixed
detector_delta_theta -0.126726 -0.2 0.2 free
detector_delta_ phi -0.0632111 -0.2 0.2 free
detector rotation x 0.0 -0.1 0.1 fixed
detector rotation y 0.0 -0.1 0.1 fixed
detector rotation z 0.0 -0.1 0.1 fixed
expected cherenkov_angle 0.0378242 0.03 0.05 free

fitted detector geometry parameters, forced n = 3.2 — best fitted cherenkov 6 = 37.82 mrad (is n = 1.000716 realistic?)



# Best SPS geometry fit found with theta = 39.979159 mrad fixed.

# name start min max status
assembly rotation x 0.00354026 -0.1 0.1 free
assembly rotation_y -0.174760 -0.2 0.2 free
assembly rotation x pivot y 0.0 -500.0 500.0 fixed
assembly rotation x pivot z 2500.0 1500.0 3500.0 fixed
emission z 2534.0 2300.0 2700.0 fixed
mirror delta x 0.0 -100.0 100.0 fixed
mirror delta y 0.0 -100.0 100.0 fixed
mirror delta z 0.0 -100.0 100.0 fixed
mirror delta r 0.0 -100.0 100.0 fixed
mirror_ rotation_x 0.00617343 -0.1 0.1 free
mirror_ rotation_y 0.0175609 -0.1 0.1 free
mirror rotation_ z -0.00216257 -0.01 0.01 free
detector delta x 0.0 -100.0 100.0 fixed
detector delta y 0.0 -100.0 100.0 fixed
detector delta z 0.0 -100.0 100.0 fixed
detector_delta_theta 0.0264554 -0.1 0.1 free
detector_delta_ phi 0.000127001 -0.1 0.1 free
detector_rotation_x -0.0803536 -0.1 0.1 free
detector_rotation_y 0.108421 -0.2 0.2 free
detector_ rotation_z -0.0873099 -0.1 0.1 free
expected cherenkov angle 0.039979159 0.03 0.05 fixed

fitted detector geometry parameters, forced cherenkov 6 = 39.979 mrad — best fitted n = 2.43 (likely not realistic)
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events with one ring
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some event-display
Images with IRT
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IRT reconstruction using fitted geometry parameters, forced n = 3.2 38
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IRT reconstruction using fitted geometry parameters, forced n = 3.2
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spill 0 frame 3 spill 0 frame 3
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IRT reconstruction using fitted geometry parameters, forced n = 3.2 40



spill 0 frame 3 spill 0 frame 3
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IRT reconstruction using fitted geometry parameters, forced n = 3.2



spill 0 frame 4 spill 0 frame 4
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spill 0 frame 4
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IRT reconstruction using fitted geometry parameters, forced n = 3.2

hits
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spill 0 frame 5 spill 0 frame 5
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IRT reconstruction using fitted geometry parameters, forced n = 3.2 44



spill 0 frame 5
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IRT reconstruction using fitted geometry parameters, forced n = 3.2
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spill 0 frame 5
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spill 0 frame 1065 spill 0 frame 1065
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IRT reconstruction using fitted geometry parameters, forced n = 3.2 46



spill 0 frame 1065 spill 0 frame 1065
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IRT reconstruction using fitted geometry parameters, forced n = 3.2



spill O frame 2215 spill 0 frame 2215
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IRT reconstruction using fitted geometry parameters, forced n = 3.2 48



80
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spill 0 frame 2215
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IRT reconstruction using fitted geometry parameters, forced n = 3.2

hits

spill 0 frame 2215

Entries 55
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L Std Dev  4.771
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r around 0 ns
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6 (mrad)
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spill 0 frame 21960 spill 0 frame 21960
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IRT reconstruction using fitted geometry parameters, forced n = 3.2 50



spill 0 frame 21960 spill 0 frame 21960
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IRT reconstruction using fitted geometry parameters, forced n = 3.2



IRT-reconstructed
photon angles



events with one ring
1.68 <x,<10.53
-6.93 <y, <269
30.52 < r < 53.61
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ST B x ‘__-,,-‘_\.«.:I..v..‘,.;:.-:l~_, (‘:".1' \\ 37.8 mrad

-3 -2 -1 0 1 2 3
0 [rad]

forced n = 3.2 geometry

-_1..1_I_|_1_1_1_I_J /| IJ_l_I_J 1 I_l_l_l_l

0 L1l

0 10 20 30 40 50 60 70 80 90 100

6 (mrad)

distribution of the IRT reconstructed single-photon cherenkov angle of all hits (within expected timing) in selected one-ring events 53



events with one ring
1.68 <x,<10.53
-6.93 <y, <269
30.52 < r < 53.61

¥2 I ndf

T T=FT

10*

entries / mrad

T Illlllll

10°

10°

T T lIIlIl

10

T IIIIHII

Illllllllll

Mean

6203 /13

Constant 3.752e+04 + 1.330e+02

38.04 + 0.00

Sigma 1.247 + 0.003

forced n = 3.2 geometry

0 10 20 30 40 50 60 70 80 90 100
6 (mrad)

gaussian fit yields single-photon o = 1.25 mrad (but incomplete acceptance might bias it a bit)

-1

1

2

3
¢ [rad]
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events with one ring

1,68 < x, < 10.53
-6.93 <y, < 2.69
30.52 <r < 53.61

¥2 I ndf

T T =T I=T1

—
Q

T IIIIII]

entries / mrad

10°

T lIIIlIl

10?

10

TTT

Mean

Sigma

7640/13

Constant 3.523e+04 + 1.267e+02

40.15+ 0.00

1.31+ 0.00

forced 8 = 39.979 mrad geometry

IlIl|IIIIIlIII|IlII|II I|IIII|IIII|IIII||III|IIII

0

10 20 30 40 50 60 70 80 90 100
6 (mrad)

A T ol 1o 39.979 mrad

OIIIII|IIIIIIIII|IIII|IIII||III|

-3 -2 -1 0 1 2 3
0 [rad]

in the other geometry fit configuration gaussian fit yields single-photon o = 1.31 mrad 55



IRT-reconstructed
track angles



events with one ring
1.68 <x,<10.53
6.93 <y,<2.69
30.52 <r < 53.61

Entries
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10000
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number of selected track hits
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50
10 E Std Dev  4.325
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10°¢
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10 =
:IIIIIIII|1III] II|IIII|IIII|IIII|IIII|IIII|IIYI
0 5 10 20 25 30 35 40 45 50
number of selected track hits
this tail might be do to contamination from
events wrongly tagged as one-ring

event-by-event distribution of the number of selected hits, mean is large: 22 hits / track
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events with one ring
1.68 <x,<10.53
6.93 <y,<2.69
30.52 <r < 53.61

¥2/ ndf 86.44 / 22

norm 9.241e+05+ 9.627e+02
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norm 9.241e+05+ 9.627e+02

21.45+0.00

0.8112+0.0013

0

5 10

15 20 25 30 35 40 45 50

number of selected track hits

Poisson fit shows undercorrelations (Fano factor is 0.81), likely due to impossibility of having > 1 photon on same channel
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events with one ring
1.68 <x,<10.53

6.93 <y,<2.69 Entries 927395

30.52 <r < 53.61 Entries 927395 105
g Mean  38.02
i Mean 38.02 104:_ Std Dev 0.3661
50000+ -
i Std Dev 0.3661 -
- 10°E
40000
L 10
30000 "
i 10E
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10000
: there are some tails

IIII|I lIlIlIlIl IlllLlIIIllllllll|lIlIIIIII
%5 36 37 38 39 40 41 42 43 44 45

track Cherenkov 6 (mrad)

event-by-event distribution of the reconstructed track Cherenkov angle



events with one ring
1.68 <x,<10.53

6.93 <, < 2.69

30.52 <r<53.61 x2 / ndf 1356 /37

Constant5.393e+04 + 7.065e+01

o Mean 38.01+0.00

50000 - m Sigma 0.3407 + 0.0003
40000
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20000
10000~
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average track Cherenkov resolution is 0.34 mrad
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events with one ring
1.68 <x,<10.53
-6.93 <y, <269
30.52 <r < 53.61
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number of selected track hits

extract single-photon angular resolution from the gaussian fits in slices of the track hit multiplicity
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events with one ring
1.68 <x,<10.53

-6.93 <y, <2.69
30.52 < r < 53.61 %2/ ndf 623.3/96 45
_ Constant 4916 +20.9 3
E E 441
- Mean 38.01+0.00 @ -
i ) 3 43F 10%
L Sigma 0.3458 + 0.0009 = E
S 42f
3 < r
10°E Q 41+
= [$] E 2
i € 400 = 19
S //:
4/ / 39:—
10° g
n 38; 10
C 37F
— 36
10 :— EI L1l
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1
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Gaussian mean 6 (mrad)

extract single-photon angular resolution from the gaussian fits in slices of the track hit multiplicity (here shown N = 20 slice)



events with one ring
1.68 <x,<10.53

-6.93 <y, < 2.69
30.52 <r < 53.61

track Cherenkov o, (mrad)

x2 / ndf

0.8 PO 0.1638 £ 0.0031
V(PO + (p1)?/ X ] p1

0.7 T

0.6]- *
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04E .
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O_S_atp=50 GeVlic » \
—lllIllllllllllllllllllllllIIIIIIIIIIIIIIIIIIIIII

45.19/18

1.377£0.008

0.20'
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selected hits

on the Yellow Report plot
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0.0040
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00030 Track
0.0025 A we are here
0.0020 - /
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B LT TPy T e e
0.0005 | = p—— e
0.0000 A———— =~ === =20
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polar angle [deg]

\ the rising trend might be do to contamination

from events wrongly tagged as one-ring

from reconstructed track rings, single-photon angular resolution is 1.38 mrad, with a constant term of 0.16 mrad
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acceptance



events with one ring
1.68 <x,<10.53
-6.93 <y, <269
30.52 < r < 53.61

E
< 80
>

60

40

v'e

I|IIII|IIII|

3
¢ [rad]

III|III|III|III|III|III|III|III|III

o
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1
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the average 22 hits / track should be corrected by the acceptance, as we have large holes in ® and incomplete coverages

37.8 mrad
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events with one ring

1,68 < x, < 10.53
-6.93 <y, < 2.69
30.52 <r < 53.61

80

_—
E
>

60
40

o
III|IIIIIIIIIIIlIIIIIII|III|III|III|III

IllIlllllllllllllllllllllIIIlIlIIllIllI

-80 60 40 -20 0 20 40 60 80
X (mm)

calculations based on the fitted ellipse model

e continuous ring
o  33.08 hits
e ideal full-area pixel array
o  with 3x3 mm? pixels
o 3.2 mm pitch
o  29.07 hits
e realistic full-area PDU array
o  with 3 mm gaps between PDUs

o  26.02 hits
e real eight-PDU geometry
o 21.73 hits

o the model matches the data

relative to the ideal full-area pixel array, the real geometry
intercepts an acceptance of ~75%

relative to the realistic full-area PDU array, the real
geometry intercepts an acceptance of ~83.5%

robust fit of the hit map with an ellipse model, estimated acceptance: ~83.5% — average 26 photons/track (~17 in the YR) 66






