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Outline

= Cherenkov angle residual vs. eta
* Gas
* Aerogel

= Resolution of Cherenkov angle residual vs. eta

* Gas
* Aerogel
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Definition of 0

Oresic = Oring. — Bexp.; (EVent by event)

Oring, cas = X Orec/ Nph; (event by event)

eRing,AerogeI = ¥ Orec/ Nph; (event by event)

Oexp. = COS™ V(p? + M?)/(N*p); n = refractive index

n =1.00076 (Gas)
n=1.02 (Aerogel)
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Drich.hepmc file

root -l drich-hepmc-writer.C'("drich.hepmc", 50000)'

1

e (12 GeV/c) — p (100 GeV/c) interaction
30 GeV/c Pion+ as detected particle
Pseudorapidity range 1.1 to 4.0

50k events

> Simulation simulate.py -i drich.hepmc -n 50000
> Reconstruction
> Analysis
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Output root file

Oresia VS. N, Gas, 10k

Estimated Cherenkov Angle Residual vs. Pseudorapidity for Gas

E5ROOT Files
.,= ana.hepme.pion. 10k edméhep.root — —_ _ thetaResid vs_eta_Gas
o @ N o - = Entries 7817
B = = - = 2.478
..... (E3digi;1 E B - = B — Mean x
-2 pidAerogel;1 3 a0l _ 0 = _ _ = Mean y 11.77
-y pidGasi - _ - - T T = = Std Dev x 0.6495
: : | T—_—= - = Std Devy 17.45
| jg PE_dist_Gas;1 - = — = — = =
| g theta_dist Gas:1 60 __ - __=E: _:;:f:
| Ja thetaResid_dist_Gas:1 L — ==

..... i photonTheta_vs_photonPhiPr_Gas;1 -
..... i photonTheta_vs photonPhiNPr_Gas;1 =

Estimated Cherenkov Angle Residual vs. Pseudorapidity for Gas

| g mcWavelength_Gas;1 40—

thetafesid_vs_eta_Gias

.| ga mcRindex_Gas;1 3 °F = | s 717
{{: highestWeight_dist_Gas:1 i £t 2 =E —— ey o
..... Jj npe_vs_p_Gas:1 20 — o - Sty 06567
..... _i theta_ws_p Gas:1 - T
..... _i thetaResid_vs_p_Gas;i oi
..... i highestWeight_vs_p_Gas;1 = — L
..... _i npe_vs_eta_Gas;1 = _ - = 2
..... i theta_vs_eta_Gas;1 = _ - =
..... _i thetaResid_vs_sta_Gas;1 - | | | |_ :| | | “r - ;
. i . _En L1 1 1 L1 11 111 1 L 11 1 1111 1111 L1 1 1 11 1 L - -
----- g MionestWeignt_vs _eta_Gas:1 o o5 1 15 2 25 3 35 o - - -
....{keta_dist_Gasﬂ T T T T R N
..... (CQpidMerged;1 - o

_____ ikt > Dipatn~3
L2024 > Events scattered at +A8 upto 100 mrad 5



Output root file

400

350

300
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50

o

6 [mrad]

PseudoRapidity distributioni_Gas

HI\lHH‘\I\I‘H\I‘IH\‘HI\'HI\'\IH‘H

0.5 1 1. 2 25

Uniform disfribTﬂién

eta_dist Gas

Entries 10000
Mean 2.562
Std Dev  0.8343

4.5 5

eta

Estimated Cherenkov Angle vs. Pseudorapidity for Gas

300 =

theta_vs_eta_Gas

= ey e e Entries 7817
C =a — S Mean x 2.467
- = i o Mean y 55.42
250 — B = als Std Devx 0.6529
+ —— = = StdDevy 33.16
200~ -
150— =
100—
50—
0 7\ L1l ‘ - I L1 1] ‘ T | \ L1l | L1l 11 \ L1111 J L1l ‘ LAl ]
0 5 15 3 35

Also present in Bging VS. N

Ab [mrad]

B0

B0

40

20

-20

>

> Events scattered at +A0 upto 100 mrad

Oresia VS. N, Gas, 10k

Estimated Cherenkov Angle Residual vs. Pseudorapidity for Gas

thetaResid_ws eta (Gas

- _ T Entries 7817
B = T == — = Mean x 2.478
L - - _ = Mean y 11.77
B = _ - -_ Std Dev x 0.6495
L == = = = = = StdDevy 17.45
L1 11 | 1111 | L1 11 | 111 1 I 11 1 I_l 1111 | L 11 1 | L1 11 | 111 1 | 1111

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

hl

Dipatn~3




Output root file

Aerogel, 10k

Estimated Cherenkov Angle Residual vs. Pseudorapidity for Aerogel

a ROOT Files thetaResid ve_sta_Asrogal
Elﬁigana.heu@.umn.1ﬂh.edmhen.roa1 E 20 Entries 7109
~({Egphot;1 £ - Mean x 2.561
|’_‘|d|g|1 % B Mean y -0 D695
...gnﬁiem?elﬂ 11]_— Std Dev x  0.5968
- = - Std Devy 1.508
~ e
C = = —= " Z ——=
ol— T =
Similar pattern absent - o - -
for 6 in Aerogel 20— -
_313__ = B
_ _I L1 1 I | | I | | | L1l I_l L1 1 1 | L1 1 1 | | | | | | | L1 1 1 | L1 1 1
4DD 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
n

Events mostly limited to -10 mrad < A@ < +10 mrad
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OUtPUt rOOt flle 0rc. vs. azimuthal angle, 10k

erec. not eRing _
Estimated Photon 6 vs ¢ for Gas Estimated Photon 6 vs ¢ for Gas

-2 -1 0

Problematic range
n>28&&n<3.3 n>25&&n<28

> B.c. Cher. photons produced in Aerogel misunderstood
as B..c. Cher. photons produced in Gas
> Sub-optimization of Bring definition

— — S _ _ B — 300 - _ — — INP_Gas
5 W ——=—— = == ™ eies 30262 | 0 e T L >
£ B - /= = = - gan X ; 97 | E L N e e Meanx 001572
< - - ~ - | Meany 6582 @ B S = _|Meany 47.02
2501 =° © - - - - _=-|StdDevx  1.757 Y - - - StdDevx 1779
L~ —= - I 56.99 - B I = o= - - |StdDevy 3581
200| =~ 200— - - _7 - =
1501 i - ] 150 s
100— - _ — o= I ) 100— = - = -7
g ==—== — 50— - = = -
0 T B R | |
3 0 | | | | | | | | | | | | | | | | | | | | | | | |
¢ [rad] — - - 0 1 2



Source code modified

.../eic_simulation/drich-dev/reconstruction_benchmarks/benchmarks/rich/src/
CherenkovPIDAnalysis.cc

Before

for(const auto& [theta,phi] : cherenkov_pid.getThetaPhiPhotons()){/UNCOMMENTING FROM HERE
theta_rec += theta;

}
theta_rec /= cherenkov_pid.getNpe(); =--=--=---- > BRing

After

for(const auto& [theta,phi] : cherenkov_pid.getThetaPhiPhotons()){
if(TMath::Abs(theta-theta_exp)<0.010}{ /Imodified, in rad
theta_rec += theta;

Npe++;
}
else theta_rec+=0;
}
theta_rec /= Npe; =====n=n=-- > eRing
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Output root file - modified

Gas, 50k
Estimated Cherenkov Angle Residual vs. Pseudorapidity for Gas
_ thetaResid_vs eta Gas
g 10 _ = - = - Entries 38889
E B = — T/= _——_77 _ Meanx 2.465
o I~ e o Mean y 0.1916
T - - — = = Std Devx  0.6491
5; Std Dev y 1.161
0 I
—5+—
_10—\ ! »—1: Lo e T \_\ | L L
1 1.5 2 25 3 3.5 4
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Estimated Cherenkov Angle Residual vs. Pseudorapidity for Gas

= 100
© C thetaResid_vs_eta_Gas
E g Entries 38889
z E Mean x 2.465
80— Mean y 0.1918
E Std Devx  0.6491
40— Std Dev y 1.16
20—
o
20—
-40—
60—
80—
_100C ! | L1 ! ! Lo il
1000 05 1 1.5 2 2.5 3 4 4.5 5
n

= Scatter plot of Cherenkov angle

residual, AB and n

= AQ = eresid = (eRing - eexp)

= AO broad forn<1.8
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Resolution Oesia VS. N (Gas)

Slice by slice evaluation of o

Estimated Cherenkov Angle Residual vs. Pseudorapidity for Gas

thetaResid_vs_eta_Gas

= 1 =
3 or [ Entries 38889
£ B — | Mean x 2.465
3 : _= gt?jageyv y %163;;1 ] ProjectionY of binx=25 [>::=2.40..52.50] :
51— — Std DEV y 1.161 250: rl — 2 5 ..... sli;e py. .cf thetaResid \rs1f:7G7as -
— C ntries
: == - o 2 h0 < 10]
| 200~ 10 < Ae 10 - Mean 0.1211 }
B r "f Std Dev  0.4283
ol 150: L1
i 1001 ;
B R —— |
B 0: Ll L L l-—u—l"-l—Jl I B |-L|_.-y_¢—._|_ -
— -3 -2 -1 0 1 2 3
- A [mrad)]
T SR Ouesice €Xtracted from fitting

—
—
[8)]
M
N
(9]
W
w
wn
I
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parameter
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Resolution O.esia VS. N (Gas)

Resolution of Cherenkov Angle Residual as a Funtion of Pseudorapidity (Gas)

+

+

1.8

G,, [mrad]

1.6

Resolution gets better for higher n
Higher n, higher momenta

1.4

1.2

0.8

0.6

0.4

0.2

—
—
n
N
ro
wn
w
w
w»
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Output root file

Estimated Cherenkov Angle Residual vs. Pseudorapidity for Aerogel

thetaResid_vs_eta_Aerogel

g 10 ; Entries 35225
.g. — — — — Mean x 2.557
< - — - = Mean y 0.004667
= -_— . — = T — | StdDevx 05941
B — = _— — = Std Devy 0.7925
5 —— i —
O I
—5—
-10—
— ‘ | | ‘ | | | | | ‘ | | | ‘ | | ‘ | | |
1 1.5 2 2.5 3 3.5 4
n
21/11/2024

300

250

200

150

100

50

Aerogel, 50k

= Scatter plot of Cherenkov angle
residual, AB and n
" Ae = eresid = (eRing = eexp)

dRICH simulation - Jinky Agarwala 13



Resolution O.esia VS. n (Aerogel)

21/11/2024

o,, [mrad]

0.46

0.44

0.42

0.4

0.38

0.36

0.34

0.32

0.3

0.28

Resolution of Cherenkov Angle Residual as a Funtion of Pseudorapidity (Aerogel)

Resolution gets better upton =2
For higher n, lesser Nph (Aerogel) due

e

.

+
+

 to0 beam pipe

; +

3 -

f— o+ ++++

g Pt

: R

- ++++

- 5 — 55 —3 55"

dRICH simulation - Jinky Agarwala

14



21/11/2024

Thank you!

dRICH simulation - Jinky Agarwala
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