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Outline:

1. Misalignment implementation
2. Misalignment results
Geometrical Reconstruction (GR)
* Event Selection Criteria

* Photon Yield Evaluation

» Kaon—Pion Separation Power

Time-Based Imaging (TM) within realistic configurations and constraints
across various modes, using same and different PDF per nominal and
misaligned detectors

* Photon Yield Evaluation
» Kaon—Pion Separation Power
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Misalignment Parameters:

Misalignment scenarios and modes in different detector components

Misalignment Scenario

Misalignment Modes

Radiator Bar

Rotation, Shift

3-Layer Spherical Lens

Rotation, Shift

Combined (Radiator bar with 3-layer spherical lens)

Rotation, Shift

Data process workflow:

IK jobs S 25K events for N

each job

500 jobs 25K events for

rotation around Z-axis: 0,+/-

radiator bar

/

scenarios

N

combined

2*10-3 rad
.. . offset along X-axis: 0, +/-
misalignment  _, 3-layer spherical lens 18*10° mm

offset along Y-axis: 0,
+/- 18*%10-3 mm

rotation around Z-axis:

each job

* Using a single LUT file for both the nominal and misaligned detector configurations

* Tlwith 20k PDF for each particle type.
*  GRwith per-PMT and chromatic corrections

l > 0,+/-4*10" rad
offset along X-axis: 0,

+/- 6*103 mm
offset along Y-axis: 0,

+/- 6*103 mm
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Event Visualization for only One Event : Rotation along the Z-axis +0.040 rad

Shift along the X-axis £7.2mm

Event display from Geant4 showing one sector of the nominal
DIRC detector. The sector includes 10 radiator bars, each
comprising 4 segments, followed by spherical lenses, a prism, and
Sensor arrays.
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Hit Pattern for All Events per Different Misalignment Mode:
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Hit Pattern for all Events per Different Misalignment Mode:

Rotatwnal lens around the z-axis +/-0.02 [md]
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Hit Pattern for all Events per Different Misalignment Mode:

Offset bar around the X-axis +/- 7.2 mm * Misalignment Scenario: Radiator bar
= Misalignment Mode: Offset

Nominal Detector
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Hit Pattern for all Events per Different Misalignment Mode:

Offset lens around the X-axis +/- 7.2 mm = Misalignment Scenario: 3-/ayer spherical lens

W e = Misalignment Mode: offset

1; f ':-,:-1,."

Nominal Detector

FT T T T r——
T
SREEISERIISZISES
500
400
300
o P i g!-ﬁ:!:_:: .
llﬂllﬁln} N aaEmamasaEss
ESE | SEERSEEREEEAx n""ﬂ'llli P H
2 B e o B B
EEESHEERISALE | EaddfERT buxde ik & Nu" | & " AEERAEEEENE
| STIRSNRISANINGS BERLSERNINNINIE SEEangEnnu lllﬂ He
SENEITETRRaRNANE TNANSRRRESRNAR AENTTT vemm :"’“'ﬂlml“ hll- LR
conmssmmmasemeas o semwssmwsss eumasmwssEmnes 100
SEEREEEEEIIERREE B “IWII-H":'
e <zl
EEREEERENEIT ux &R 'il"l" e |
asemassr  .niSs | e HeHe | |
| | | 0

N\

DIRC Annual meeting 8



Hit Pattern for all Events per Different Misalignment Mode:

* Misalignment Scenario: Radiator bar

Misalignment Mode: Offset

Offset bar around the Y-axis +/- 7.2 mm
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Hit Pattern for all Events per Different Misalignment Mode:

Offset lenses amund the Y axis

't& II
‘I é

» \.‘ll """ ' maxe

o

— 500

B 300

200

350

300

250

— 450

—1 400

— 350

250

200

150

300

250

200

= Misalignment Scenario: 3-/ayer spherical lens

= Misalignment Mode: offset

Nominal Detector

AN

JHISE

AENESEE AEEREES

dEEEEERRES M MR L
H mllmilﬂ"’&

jEN R
o ,
mn-'mmm Bt " 1 |
fisacman HRE o

L e ‘IIEIEI'E.

' 1
i nE EEREE ot
Y 3IIIIIIHIIEI-.‘
FEERRRRASEEEA® | | n"HC BN memEER
PR o4 PR

EIBIIH KNSR dERRARENASsEEASE sEuuEmswx B B |

IIIHIII"IBII b - ;Ilﬂlllﬂllh PrEH T HRE
HRl---ona o N SRR —— ""'“IHI-II! ull.llﬂll.l

rmt nlmllgllw- P IIHIIE &--mm

.:.‘E!E!!’ Ilﬁlﬂlﬂll EEE:EEE!
B ane | B SEER U it

PR isgeess | $hmg | Mmmesmmastises

e o ‘IEIEIIIIE HeE

S, 0TS R i Rmimnen SEnmo
ISEENSSEENSE SENNSSRENSSE . . esME® . N EM | EENSE | SENEEREKNEEKKKI aus

— 500

— 400

300

200

100

N\

DIRC Annual meeting

10



Event Display for Misalignment of the Bar and Lens
Along the Positive Y-Direction (mirror-reflected )

Event display comparing the photon hit patterns resulting from

bar (left) and lens (right) misalignments along the positive Y-direction with an
offset of +10 mm. This side-by-side layout highlights the reflected behavior
and symmetry differences in hit patterns caused by each type of misalignment
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The main correction techniques applied within Geometrical Reconstruction (GR)

Geometrical Reconstruction (GR)

Per PMT Correction Chromatic Correction
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1. Chromatic Correction:

GR method; residual of Cherenkov angle: Before cut

GR method; residual of Cherenkov angle: Before cut
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2.

entries [#]
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8 -0.01458 + 3.1e-05
—
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All Selection Cuts:

GR method; residual of Cherenkov angle: Before cut
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entries [#]

Entries [#]

Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion and Kaon:

:
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** Fit: D dCrystat Balf
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inal 7 (14 3 0.8249 £ 0,000, 5
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pDIRC at ePIC: Misalignment (Work in Progiess)

Track Angle: 6= 30 [deg]

“Time Resolution: 0.1 [ns]
racking resolution: 0.0005 [rad)

[EZ5=0) iNominal K: (4 =-0.1885 +0012, 6 = 4.6876 £ 0.014)
‘Nominal &: (. =-0.1378 £ 0012, 6 = 46744 £0.014).....

Misaligned K: (u =-0.0566 £0.014, G = 5.8508 £ 0.015)
“Misaligned 7: (i = 22371 £0.000, ¢ = 63125 £0.000)

FITER NI UEL LA
i A =-23749 £0012, Ao

A6, [mrad]
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T

T

T

pDIRC at ePIC: Misalignment (Work in Progréss)
Particle ID: 51K :
Frack Angle: =36 {deg] -
Momentum: 6 [GeVic]
Time Window: 02 [ns]
Fime Resolution>6-} {ns]-
Tracking resolution: 0.0005 [rad]
Fit: Double-Sided Crystal Ball:
. Nominal Ki 4t 01885 £:0.012, 6= 4.6876 £ 0.014) .-«
Nominal 7: (i =-0.1378 + 0612, 6 = 4.6744 £ 0.014)
Misaligned K: (4 = 0.1802 £0.027, 6 = 60778 +0.059)
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""" KpDIRC al ePIC: Sisaligiviéint (Work i PFoj
Particle ID: x/K

Track Angle: 6 = 30 [deg]
e Momenture:6:{GeVic-+--
Time Window: 0.2 [ns]
Time Resolution: 0.1 [ns]  :
Tracking.esolution: 0.0005.[53d]..........c..cuveueueens
Fit: Double-Sided Crystal Ball:
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Reconstructed and Residual of Cherenkov Angle for Nomlnal and Mlsallgned Detector for Pion only
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hpDIRC “at ePIC: Misalignment (Work in Progress)
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I ’.‘?‘?‘!‘!”'g res
Lens and Bar ﬂV/O Sfi)
‘Bar (W/O fit)
Lens (W fin)
" Leéns and Bar (W fi)" "
Bar (W fir)

mean of A8, [rad]

0.2 0.4 0.6
misalignment magnitude: rotation about Z-axis [rad]

0.2 0.4 0.6
misalignment magnitude: rotation about Z-axis [rad]

N\

DIRC Annual meeting

16



Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion only
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Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion only:
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: : Tinte Window: 0.2 [as] +
et b i Resalution 0 o]
B . Tracking Resolution: 0.0003 {rad]

] Cut-1; Eniries = 13069054
3 p=0818 00015
Py RMS =4.1182 £ 0.0011:
}Kx Cur-2; Eniries = 1848264
e e OB 00008 e
x RMS = 10098 £ 0.0003
Y \ Cur-3: Entries = 342076
Y% w=-0,5400 £ 0.0091
1
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& i .
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RODOGOOO Ve
YN [ { e ) bR EECESSSE
-3 -6 —4 0 2 4 6 8
L ——
N ;ppmrm ePIC: M;.mlignmml Studies ;wm in Progress)
| : Particle ID: x/K :
[ T
30000 L Momentum: 6 [GeV/c]
| Time Window: 0.2 fr]
| Time Resolution: 0.1 fns]
40000 |—
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entries [#]

entries [#]

Timing-Imaging Method: Nominal and Misalignment Detector Configuration

10
| pDIRC at ePIC: Munb:nmnl Studies (Wnrkamgrtﬂ)
Particle ID: 7K
120 Trick gl 62 0 jdeg]
I Montentum: 6 [GeVic]
- Timé Window: 02 [ns]
- Tiné Resolution: 0.1 [rs]
|00 Tm} g Resals ""’"“Imd!
L ) Nomiinal: Eaties = 13411130
B =424903:£ 00034
RMS = 124300 £ 00024 :
B ) Misaligned: Entries = 12101108
80 EE4LT3 8% 010036
- RMS=12.5313:£0.0026
- A =-0.7586 £0.0050
- ARMS =0.1012 £ 00035
@ $
40 >
20 SR Y,
l VaYaYaY :
~ i YY" L' Y o
0 (WANTANY ) L]L RY VIV TNV § ‘LJ LA A VAT

50

70 80

measured time [ns]

T TT

hpDIRC a :PIC Mmhgmnl Studies (Work in Brogress)
Particle ID:
Track Angle: 6 = 30 Idtg/
Momentin: 6 [GeVic] -
Time Wirow: 02 fns]
Time Resblution: 0.1 Ins] ;.

xK

T LLT

: 3" Tracking Resolution: 0.0008 [rad]
| oy Cutl: Entres = 1177685
: T u=0168 0015
: © R =saozooon
| oy Cut2: Eatries = 1765372
: T n=00721£00007
RMS =03790  0.0005.

g
IIII'IIII

T Cwd Buies=324052 8
: T u=04TIE00094  :
: : RMS = um*nm :

illll

10000

Cocaured cues (7S]

entries [#]

entries [#]

120

hleRC m ePlC Misalignment Smdm (Work in Progress)
Particle ID: x/K

Track Angle: 6 = 30 [deg]
Momentun: 6 [GeVic)
Time Window: 0.2:[ns]
Time Resolution: 0.1 [ns]

Track »:--,.,w.z,n

=) Nomina:Envies = 13411130

1=424903 £ 00434
RMS = 12:4300 £0.0024
Misaligned: Entrics = 11616868

WEA86E 0038
RMS = 125121 £.0027
A =03741£00051
ARMS =00821 £00036

0 1 IIIII I) 1! Illlx { )l 3]’11 f
2 30 50 60 70 80
measured time [ns)
50000 ApDIRC urePIc: Hrgresy
— H N Particle ID: /K
TmrkAnglr 6= Jﬂldtg[
o Momentuin: 6
Time Wuu'l
= : Time Resolution: 0.1 [ns]
- : : Tracking Resolution: awos [rad)
H: vemvres | Cldl Bllncs 1131166
40000 :

ot s i
p= 59311310010]

10000

RMS=43426 £00012
Cut2: Faties= 15T212:
u= 0127 0.0008

RMS =

tneasurea Lcutaed (15

Top left: Photon arrival time for

a detector with a 0.04 rad

rotation of the bar around the z-

axis.

Top right: Time distribution for a
detector with a 7.2 mm lens shift

along the y-direction.

Bottom left: Timing residual for

the bar rotation misalignment.

Bottom right: Timing residual for

the lens offset along the y-
direction.
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Photon Yield Efficiency:

Detected photon efficiency:

efficiency

09

0.6

0.5
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0.1
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(N Reco)

€E = ——

(Nsim)

U VSOOI SAOOIOY S— — PN AU —
— : : : Momentum: 6[Gel;'fc} :

E Time Remiun'on:ﬂéf [ns]
e ¢ Tracking Resolution: 0.0005 [rad]. __ } .
— I Geometrical Rer:onfstmcﬁon: (Lens with ;Bar )
1 I 1 | | | | | [ —— | 1 1 1 1 | | 1 1 | 1 1 1 1 | | [ — I 1 1

R NGDIRC af ePICT Misaligninenit Studies (Work ini Progress)

: Pariicle ID: T/K :

-10 -5 0 5 10
misalignment magnitude: offset along Y-axis [mm]

-15

efficiency

0.95 s
09— e, hpDIRC at ePIC: Misalignment Studies (Work in Progress). 5.
— : Particle ID: n/K :
[ Traci:c Angle: 8 =30 [a'egij
0.85 ... E..: ..................... 3 ..................... :. ............... Moﬁz?ﬁfﬁrﬁ“G'fGéW&]"";"""""'"""""L""""""
— Ti‘meiWiMow:Gz [ns]
— ' : : TinwiResox’mian; 0.1 [mji
08_ ..... i“ ................... frasresssensseasnannss R S L frrnrssennsnrisnnresed Serasasnniien
— Trar:ilting Resolution: 000?5 [rad]
— I Time:-BasedRecans!‘maiém:(Iem with Bar)
L T e
O T e i D
‘ |
-
0.65 T
= | 11 1 | I 11 1 | l 11 1 | i 11 1 | i 11 1 | ! 11 1 | ] 11 |

Timing imaging Reconstruction (TI) method

-10 -5 0 5 10 15
misalignment magnitude: offset along Y-axis [mm]
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Events #

Reconstructed Photon Yield :

Nominal detector; GR and TI method Misaligned detector; GR and TI method

: : : : : : 3+ n
140 | . HPDIRC at &PIC: Misalignment (Work in Progresy) ... *E B : : : 5 : : : : :
; : : : : 7 Pariicle ID} /K : : : Y 160 ==+ R FpDIRC ai €PICy Mislighinéii (Work th Progress) """ - m i
— : . . : Track Angle: 6 =30 [deg] : : : M — Particle ID: /K . . .
= : 5 E i Momentum 6 [GeV/e] : : - : ; ; : Track Angle: 6 = 30 [deg]
| . . ?me ‘gﬁndg;f, ﬂ‘.zﬁf’}”j ' L : : : : ;;-{ome;(m? 6 .{fgi’fcf
20 Wl _— T N SRS MRS MRS RS 17 M SRS S S
| : || : Geometricdl Reconstruction: K (1=83.09 + 0,28, RMS§=13.749:# 0.20) B : : : : Tracking resolution: (k0005 [rad] : :
: : : Gfomn-iaimmnmcrf‘an.{ 7 (u=82.69 £ (.25, RMS=12.6] ¥ 0.18) — : : : E Geonietrical Reconstruction: K (1=63.09 + 0.22, RMS=11.100 % 0.16}
B ) Time ey Recomsution: = u-110277 4 0.9, R5-19.41 2 029 [ ' ' Time ok Resnarton: K A L5 12 RSS9 003
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Reconstructed Photon Yield :

detected photons #

B : : : Momentum; 6 [GeV/c] :
140 —-------oeees R P TP e PPt SEET LT TPEEPEPRPCTEPELEPE P nenn e Tiite Winidow 022 [fig] ~~ """ " i es e
— : : : Time Resolution: 0.1 [ns] :
— Tracking résolution: 0.0005 [rad]
— = Geometrical Reconstruction: (Bar)
— : : : = Geometrical Reconstruction: (Lens) -
130_ ............... E.vv...7,...r.~1...71...7r.~.i ............................ ', ............... Gmcﬂkmﬂﬂrmgnw(garmdim} ..........
— : : : = Time-Based Reconstruction: (Bar)
- Time-Based Reconstruction: (Lens)
L = Tl'me-Base!i Reconstruction: (Bar and Lens)
120
: " L
L LT Siig g .
| = e__-r..iT“'"';.E! u ] . 'I-;’_","q' ™Rt
110 ...;_'.#j 1-..,.....: ............................................................................................................................ S
et :
111 e T

F!pDIRC at ePIC: Mlsa.i'lgnmenr Studies (Work in Pragmss)
FParticle ID: ©/K
Track Angle: 8 = 30 [deg]

misalignment magnitude: offset along Y-axis [mm)]

Checking all three misaligned
scenarios in misaligned mode.
which is offset along Y axis

Detected photon # is decreased
rapidly after 18 mm with
increased the misalignment
values specially for the bar and
lenses while stable for the
combined

Photon #in the TI is better than
GR method
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Reconstructed Photon Yield :

detected photons #

160

140

120

100

.........................................

Particle ID: w/K
Track Angle: @ = 30 {deg}'
Momentum: 6 [GeVic]

L : : : hpD.ER C at ePIC: Misalignment Studies (Work in ngress)

o« Fitn WAn@ows- 02 s e==vnnnremnnneesinnernnnnanaes

Time Resolution: 0.1 fns]

Tracking resolution: (L0005 [rad]
Geometrical Reconstruction: (Bar)
Geometrical Reconstruction: (Lens)

‘Geometrical Reconstructiom: (Bar ana‘;LEm) """"

Timé-Based Reconstruction: (Bar)
Time-Based Reconstruction: (Lens)
Timé-Based Reconstruction: (Bar and 'Lens)

i

lllllllllllilluli]

.........

.........

5 10 15

20

misalignment magnitude: offset along Y-axis [mm]

Checking all three misaligned
scenarios in misaligned mode.
which is offset along Y axis

Detected photon # is decreased
rapidly after 18 mm with
increased the misalignment
values specially for the bar and
lenses while stable for the
combined

Photon #in the TI is better than
GR method
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Reconstructed Photon Yield :

150

140

detected photons #

130

120

110

90 -

80

70%

100 :

hpDIRC at ePIC: Mma!lgnment Studies (Work in Progress)

Particle ID: m/K

coscTrackngle: -8 = 30-[deg{- -

Momentum: 6 [GelV/c]
Time Window: 0.2 [ns]
Time Resolution: ﬁ .:' ,-’.usj'

-------------------------------------------------------------------------------------------------------------------------------------

Geometrical Reconsfrucrmn (Lens)
Geometrical Reconstruction: (Bdr and Lens)
Time-Based Reconstruction: (Bar)

"""""""""""""" """""""""""""" """"""""""" Time=Based Reconstructions (Lens) ==

T;'meh_Based Reconstruction: (Bar and Lens)

misalignment magnitude: offset along X-axis [mm]

Checking all three misaligned
scenarios in misaligned mode.

which is offset along X axis

Detected photon # is decreased

rapidly after 18 mm with
increased the misalignment
values

Photon #in the TI is better than

GR method
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Reconstructed Photon Yield :

+H+ " ;
E’ - hpDIR C d!' ePIC: Mi lsa.!lgmu ent Studies (anfc in Pragress)
E. | Particle ID: n/K
. . . . : . Track Angle: 8 = 30 [de .

E 160 _.. ................. .. ................. .. ....... i 65&&5:?&%:“5[&3 5“; 5;' ..
(=4 [ . : : : : Time Window: 0.2 [ns] ;
= — Time Resolution: 0.1 [ns] .
B — : : : : : Tracking resolution: 0.0005 [rad] .
8 140 _- ................. T N T X FTRTT Geometrival Reconstruction: -(:Barj---------:-----
- — : : : : = Geometrical Reconstruction: (Lens) .
- L . : : : : Geometrical Reconstruction: (Bar and Len.s‘)

- : : : =:  Time-Based Reconstruction: (Bar) : »  Checking all three misaligned

120 : : : i :

scenarios in misaligned mode.

which is offset along X axis

100

»  Detected photon # is decreased
rapidly after 18 mm with
increased the misalignment
values

80

60

= Photon #in the Tl is better than

40 GR method

20

N\

misalignment magnitude: offset along X-axis [mm)]
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detected photons #

Reconstructed Photon Yield :

-

L

140 pF—-------------: ' ........................ .........................; ........................ E..Traakmgrmlum;&aﬂﬂﬁ.{xad} ............. ' .........

hpDIRC at ePIC: Misalignment Studies (Work in Progress)
+ Particle ID: m/K
. Track Angle: 6 = 30 [deg]
¢ Momentum: 6 [GeVic]
¢ Time Window: 0.2 [ns]
. Time Resolution: 0.1 [ns]

= . Geometrical Reconstruction: (Bar)

= . Geometrical Reconstruction: {Lens) :
¢ Geometrical Reconstruction: (Bar and Lens)

= : Time-Based Reconstriction: (Bar) :

. Time-Based Reconstruction: (Lens) :

. Time-Based Reconstruction: (Bar and Lens) :

a 4
60 _. ........................ rf_.. ................ a.,w_ ........................ , ........
- : W .
— : j : e TR St Y
T tu"\i""; ‘le‘ . R s g
T 1 ] | ] ] 1 i | l 1 | E ] ] 1 | | L ] | |
0.4 —0.2 0 0.2 0.4 0.6

misalignment magnitude: rotation about Z-axis [rad]

Checking all three misaligned
scenarios in misaligned mode:
which is rotation around Z axis

Detected photon # is decreased
quickly and back to increase
while the rotation of lenses are
stable

Photon #in the TI is better than
GR method

N\
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Reconstructed Photon Yield :

detected photons #

250

200

150

100

50

.
:
:
.
¥
:
.
:
:
:
.
H
|‘1 |*I

ﬁpﬂfﬁf at ePIC: Misalignment Studies (Work in ,Pragress)
: Particle ID: JI/K
Truack Angle: 8 =:30 [deg]
Meomentum: 6 [GeVic]
Tiine Window: 0.2 [ns]
Time Resolution: 0.1 [ns] :
Tracking resolution: 0.0003 [md}
Géometrical Recanstruction: (Bdr) : :
........ Gwmemcniﬁer:o}:s:m‘cﬂan (ms;‘LA.LL,L
Géometrical Reconstruction: (Bar and Lens) :
Time-Based Reconstruction: (Bar)
Time-Based Reconstruction: (Lens)
Time-Based Reconstruction: (Bay and Lens)

u

-1.5

-1

-0.5 0 0.5 1 1.5 2
misalignment magnitude: rotation about Z-axis [rad]

Checking all three misaligned
scenarios in misaligned mode:
which is rotation around Z axis

Detected photon # is decreased
quickly and back to increase
while the rotation of lenses are
stable

Photon #in the TI is better than
GR method
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Separation Power between Kaon (K) and Pion (1):

Events [#]

Nominal detector Rotate bar about 7-axis: 0.04 rad
. loom) . K
) S L ..........!leI.I!.C.«s.%I.’lQ Misalinment (ork .l!al’.rpgr_e_s_s) ....................................... X i : ! : FpDIRC af IC: Walgment (Work i Prores)
=2 : : : : Particle ID: /K 2] = Partcle ID: /K
— : : : : Track Angle; 8 = 30 [deg] c TrackAqgle 0 =30 [deg]
i : : ; ; Momentum::6 [GeVic] g .................. TR Momentym: 6.[GeVie] .....ieeenninnninnnnnnns eesaesnas
— : : : ; Time Window: 0.2 [ns] : m Time Window: 02 [ns]
80 f—++veeeees ................... ................... porees Tibie RESOMOH O TR -+ Fe+eseseesesessesses R [ : : . . Time Rejolution: 0. [ns] '
] : : : Tracking resolution: 0.0005 ['"Md] - Tracking resolution: 0.0005 [mrad]
Fit: Gaussiqn Function . : Y : i s Fit: Gaussian Function :
Y Geometrical Reconstruction K: (u=13.94 £ 017, 6=8.10 + 0.14) : : : : I : :
.. Geometrical Reconstruction- ;;,%4_.15 184 0.20,-6<9.10. % 0.15)- - B : : ; CZ==0  Geometrical Reconstruction’X: (u=5.17 £ 013, 6=621 £0.10)
Time-Based Reconstruction K: (u=-1837 # 0.19, 6:=893 +0.15) ) I— — C— Y - =) Geomettical Reconstruction; 7 (u=-8.00 £ .14 0=6.44 £ 0.10)
Time-Based Reconstruction m: (u=17.69 + 021, 0%10.06 +0.16) : : : : Time-Based Reconstruction K: (u=-2035 £ 0.19, 0=8.98 £ 0.15)
K: 4 y 3232 #0.19,A 6=0.83 020 : = Time-Based Reconstruction 7 (1=20.12 + 0.18, 0=8.53 £ 0.15)
............................................................ K:Ap=-25524019,4¢=277 +018
5 = mApE28124018 A6 =209+018
: » mApE28124018 AG=209+018
: " GR Ir/KSepamtion 2086
E 40 A P | (1B BRIt TN | | Ay R | Y LT T
. | %
[ [ g A N AL \
80 100 -40 =20 0 20 40 60 80 100
Ln L(K) - Ln L(r) LnL(K)-LnL(m) 1

/
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Separation Power between Kaon (K) and Pion (7):

Offset 3-layer spherical lens along Y with 7.2 mm

Oﬁ‘set 3—layer spherlcal lens along X wzth 7 2 mm

m
— 300 &, hleRC atePIC: Mlsahgnmenf (Wdrkm Progress)
3 | :
— — a Particle ID: /K : :
@ - hpDIRCatePIC Misalignmem (Work in ngress) 5 | Track Angle: 6 =30 [deg]
5 | : Particle ID: n/K > : Momentum: 6 [GeVc]
> Track Angle: § = 30 [deg] m 11 P P - PP PP S P Time Window: 03 fashe--eeeeveesetonnssennnnns
= B Momentuin: 6 [GeVic] : : : Time Resolution: §.1 ns] :
250_ .......... s ssiasaasissssssigessssssasatanans ARRRERRRREE R SLEECERRES TTnieWTanaw‘U.Z‘[ns}““."“.’ .................. — Trackmgre.mlunon 00005[mrad]:
— Time Resolution: 0.1 [ns] : - Fit: Gaussian Fungtion
— Tracking resolution: 0.0005 [mrad] m Geomemcal' Reconstruction K: ([P 39.92 £0.14, O'CG 5414011
B : Fit: Gausian Funcion . = vy ical Recanstruction 1z: (u+-42.13 + 0.15, 6=6.56 #0.11)
. : : ZTune Based Recoustruction K: (1=-15.19 % 0.17, 628,
| y =) Geometrical Reconstruction K: (=077 +0.03 ,5=165 +0.02) B0 b B e —— o o S CCOTITU N e Bttt rbvie/ O
m Geometrival Reconstruction : (11=-189 +0.04 =168 0.03) E Time-Based Recopstruction s (11=14.50° £ 018, 6=843 ¥ 0[14)
200 b—-eeeenn TP ST o=l eametripa Leconsiruct o | K:Ap=2473£017, Ag =172 £0.17
. Time-Based Reconstruction K: -1711 +£0.18;6=8.62 £ 0.14) e A g = 56.63 4 08 Ag= 187 4017
n 1 — TimeBased Reconsructon F: (= (T4 £020,02933 0.3 - 7 A =5663 4018 Ac =181 %017
i cAl D:-IT.SS' 1018, A 057 697 1+0.14 B GR /K Separation = 0340 :
- ' m A U Z:IH.Q.? lLU.ZU, A o= 7.65 £0.16 TI ﬂ/KSEpdrﬂﬁﬂh =3.566
- mAp=1893+020,Ac=765 1016 .
150 —--- oo RSP LSRR B | ) I e GR. K Separation = 16005 ... U
| TI n/K Separation =3381g . :
100 —-veeveees e e A . ................... s , ................... s
- : : | ‘ |
; i
| \I \ \
| 2 & I “ : :
| ‘ N \ I l . .
50— ‘(t \ I\ I .
- ¥ ,:tﬁ#
B | | i J$$$'
1) - [ [ [ : i
60 80 100
Ln L(K) - Ln L(m) Ln L(K) - Ln L()
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Separation Power between Kaon (K) and Pion (77):

K- separation power [s.d.]

_...... ................................. ....................... Tm.d’.Ang.{e:.&ﬁjﬂ{deg,f.................; ........

e i rsemsasamesra e aama s R T I R i A

<1
1

‘ﬂ }
im

Eif }i{* }f% }{ {

s

DIRC at ePIC: Misalignment Studies (Work in Progress) :

: { } | { {' 1 . -'-'- : I i 1
i_id T i*{ 11?%11 t i}*} rri { I%TIT{ ii{ f{ ;*1*1 ﬁ %T irlfff T ; -f i T”} 1pi§ I I} 14 t; ;{
i

E;;ﬁﬁ ’***ﬁ;;”i HEHL !”?ﬁ i i

Particle ID: n/K

Momentum: 6 [GeV/ie]

Time Window: 0.2 [ns]

Time Resalution: 0.1 [ns]

Tracking resolution: 0.0005 [rad]
Geometrical Reconstruction: (Bar)
Geometrical Reconstruction: (Lens)
Geometrieal Reconstruction: (Lens and Bar)
Time-Based Reconstruction: (Bar)
Time-Based Reconstruction: (Lens) H
Time—Based Reconstruction: (Lens and Bar)

u{l

il i;fisﬁi;i‘fgﬁ itk i;;i,;i g*} ?

. ; {
ﬁr’ fi yt

misalignment magnitude: offset along X-axis [mm]

0.5 1

Checking all three misaligned
scenarios in misaligned mode.
which is offset along X axis

SPR is decreased quickly
specially with lenses and
combined misalignment

SPR is better for misalignment
in TI method

SPR for the nominal is not
above 4 due to the idealized

configuration (azimuthal angle)
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Separation Power between Kaon (K) and Pion (77):

DIRC at ePIC Mzsallgmnent Studies (Work i m Progress)
: Particle ID: n/K
M $ : : : : Track Angle: 6 = 30 [deg]

6 e , ........ 0] T . ................... ,..~ ........ Mumenmm 6[GeV/cj'-v
- : Time Window: 0.2 [ns] : :

Time Resolbution: 0.1 [ns]

Tracking resolution: 0.0005 [rad]

: : : : = Geometric{ll Reconstruction: (Bar)

5 T : ¥ : : X Geometrical Reconstruction: (Lens) s
(L — eeeeene R fosssenasssnsasasselocasonsasssansened Srcsssssmssesssed Foooenes Geometrieal Reconstruction:fEens and-Bar)--- - - . . .
s : : : : = Time-Baséd Reconstruction: [Bar) : »  Checking all three misaligned

< : : : = Time-Based Reconstruction: (Lens) . . . . .

Time-Baseéd Reconstruction: {Lens and Bar) scenarios in misa Z 1 gn ed m()de s

which is offset along X axis

K- separation power [s.d.]

»  SPRis decreased quickly
specially with lenses and
combined misalignment

»  SPR is better for misalignment
in TI method

—6 —4 -2 0 2 4 6 8
misalignment magnitude: offset along X-axis [mm]
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Separation Power between Kaon (K) and Pion (77):

K-m separation power [s.d.]

[\
_I...|...|...|...|...|...|...|...|...|...|...}..|...}..|...l..|..}..|..}..|..|..|..|..|..|..|..|..|..|..|..|..|..|..1..|.

‘ : : : : " DIRC ai ePIC: Mmahgnmem Studies (Wark in Pragress)
: : : : : Particle ID: w/K
Track Angle: 6 = 30 {a‘eg}
Momentum: 6 [GeVie]
E : ; : ! Time Window: 0.2 [ns] :
e ELERLETELELEREELE RERELERIELELELELEL o AAASRAREE LR RS LR R LRI [SELELELED Tlmﬁﬂsoimfﬂn ﬁ}[m}........................
: : . : : Tracking resolution: 0.0005 [rad]

= Geomemm.!‘ﬂecomucrmn (Bar)

= Geometrical Reconstruction: (Lens) :

S Geometrical Reconstructipn: (Lens andBar)
R L SRR 1 R SUT T S ??!'!-?7&@%"?.3.‘%‘2‘?!‘:‘?!’!{'{‘!9!!.(3‘!*’)..........'....

= Time-Based Reconstruction: (Lens)

Me-ﬂased Recans.tmman (Lens and Ba.*?

...........................................

|
0 5 10 15 20
misalignment magnitude: offset along X-axis [mm]

I
(=]
=

|
[a—y
Lh

I
[a—y
o=

I
Lh

Checking all three misaligned
scenarios in misaligned mode.
which is offset along X axis

SPR is decreased quickly
specially with lenses and
combined misalignment

SPR is better for misalignment
in TI method

N\
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Separation Power between Kaon (K) and Pion (77):

5.5

K-t separation power [s.d.]

3.5

2.5

-_---- DIRC-M eﬂ!ﬁ%ﬂisd&gnmen!&udms (Workin ngregsj

— : Particle ID: n/K :

— Track Angfe 6 = 30 [deg]

— Momentum: 6 [GeVie]

[ Time Window: 0.2 [ns]
BN e ............................ ................... Tinic Ré&{:,-figi:iéic} 01 sy frese e
B : : : Tracking resolution: 0.0005 [rad]

| = Geometrical Reconstruction: (Bar)

| : : : = Geometrival Reconstruction: (Lens) :
s e aaaaan b et S Geametrical Reconstruction: {Lens.angd Bar) . .........
- . . : = Time-Based Reconstruction: (Bar)

— = Time-Based Reconstruction: (Lens)

— Iﬂ'me-Bmied Reconstruction: (Lens an;d Bar)
%I‘{(T}' ------ ! . ¥¥.I i* i f 1 }! { { H LT 14- ;ui i‘}l i{{;‘ ;_ : : 1}& ------ { b gt
Y T# Py fi i 1‘# }E *f ’}‘ ity ;l** %; ’}%T;ﬂﬂ;{} ity ; L i i *ﬁﬁ ﬂﬁ’f;
j_]:. -F ------------ -i ----------------------------------------- }- -----------------------------------------------------------------
i i*f“ iH ii& i *i*3*;;**I¥H"h*mﬁ*ihﬁf il i%fi;;; ;Hi;?f ‘ilf it **{1{;;,;;;45 i {# it #ﬁz} h& y m;
[ l | l | | | | | 1 1 1 I l l l l | | | 1 | ] 1 1

0.5 1
misalignment magnitude: offset along Y-axis [mm]

Checking all three misaligned
scenarios in misaligned mode.
which is offset along X axis

SPR is decreased not quickly
as X offset

SPR is better for misalignment
in TI method

N\
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Separation Power between Kaon (K) and Pion (77):

K- separation power [s.d.]

DIRC at ePIC: Misalignment Studies (Work in Progress)

Track Angle: & = 30 [deg]
Momentum: 6 [GeVic]

Time Window: .2 [ns] :
Time Resolutiok: 0.1 [ns]
Tracking resolution: 0.0005 [rad]:
Geometrical Reconstruction: (Bar)
Geometrical Réconstruction: (Leis)

I+l bl

[a—y

Time-Based Réconstruction: (Bar)
: : . Time-Based Réconstruction: (Leris)
— 3 : : . Time-Based Reconstruction: (Lens and Bar)

il

|l 1 1 | 1 1 1 I | | 1 ] 1 | | | | 1 1 I | | | ] 1

............ E"'"'""""""E"'MC!&?'I.'D"'.‘FT/Y{'""""""""'_""""""""""E"""""'

......... . .................. . ................ E“'Gédﬁéﬂfddfﬂéébﬂfﬂﬂéﬁb}lf'{Ié.éj'd&iiﬂdf‘)'"""E'“““““‘“““ [P iy A

_I
-8 -6 —4 -2 0 2 4

misalignment magnitude: offset along Y-axis [mm)]

6

Checking all three misaligned
scenarios in misaligned mode:
which is offset along X axis

SPR is decreased not quickly
as X offset

SPR is better for misalignment
in TI method

N\
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Separation Power between Kaon (K) and Pion (77):

K-t separation power [s.d.]

sesisgeasasasasasasgranannnnnny

.........

DIRC at ePIC Mmabgnmenr Studies (| Work i fn Progress)
Particle ID: m/K
Track Angle: 6 = 30 [deg]
Momentum: 6 [GeVic] :
Time Window: 0.2 [ns]

Tracking résolution: 0.0005rad]
Geometrical Reconstruction: (Bar)
Geometricgl Reconstruction: (Lens)
Geometrical Reconstruction: (Lens and Bar)

o bl ) B

Time-Based Reconstruction: (Lens) z
Ttme-Based Reconstruction: (Lens aqd Bdr)

: _Fl"ﬂ #‘

B R

B """ Time:Based Reconstruction: (Bar}--------" - R

I SRR LR E LR LT RELEERIEERERREEED T SETLE Tinié Resolition: 0.1 ris] 4" " R RRRRRRI ALLEREEES

..............

-5 0 5 10

misalignment magnitude: offset along Y-axis [mm)]

15

20

Checking all three misaligned
scenarios in misaligned mode.
which is offset along X axis

SPR is decreased not quickly
as X offset

SPR is better for misalignment
in TI method

N\
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Separation Power between Kaon (K) and Pion (77):

DIRC at ePIC: Misai?gnmem Studies (I-Vm'k in f’rogress)
: : : : : Particle ID: n/K :
- : : : : : Track Angle: 8 = 30 [deg]:
: : : : : Momentuym: 6 [GeVic] :
: : : : : Time Window: 0.2 [ns] :
- : : : : : Time Resolution: 0.1 [ns]
: : : : Tracking:resolution: 0.0001 [rad] :
U Geometrical Réconstruction: (Barj T 7
Geometrical Reconstruction: (Lens) :
Geometrical Reconstruction: (Lens and Bar):

Time-Based Reconstruction: (Bar) : » Checking all three misaligned

Time-Based Reconstructioh: (Lens) : . . . .

Time-Based Reconstruction: (Lens and Bar) | scenarios in misaligned mode:
which is rotation the bar around

Z axis

K-t separation power [s.d.]
T

» SPRis decreased quickly
specially with bar and
combined misalignment

= SPRis better for misalignment
in Tl method

N\

—0.8 —0.6 —0.4 —0.2 0 0.2 0.4 0.6 0.8
misalignment magnitude: rotation about Z-axis [rad] AN
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Separation Power between Kaon (K) and Pion (77):

— B DIRC at ePIC: Misalignment Studies (Work in Progress)
o : : : : : : Pariicle ID: n/K :
M — : : : : : : Tratk Angle: @ = 30 [deg]

5 B : : : : : : Momentum: 6 [GeVie]

H . : . . . sze Window: 0.2 EHS}

% — Time Resolution: 0.1 [ns]

& el— ' : i e A fagas oo ene. 0CKING resolution 0.0003 f.% EU

o v : e Geometrical Reconstruction: (Barj

o — : = Geometrical Reconstruction: (Lens)

13 B : = Geometrical Reconstruction: (Leny and Bar) ) ) )

5 : x Timie-Based Reconstruction: (Bar} »  Checking all three misaligned

L : = Tinte-Based Reconstruction: (Lens, . . . .
e . : Time-Based Reconstruction: (Lens and Bar) scenarios in misaligned mode:
] 5 ek H . ' . . .

B ._...f;-‘?-'- ¥ which is rotation the bar around
M o Z axis

» SPRis decreased quickly
specially with bar and
combined misalignment

= SPRis better for misalignment
in Tl method

Il]l]lll IlIlllIlJIJIIIIIIIlllIlIIJI]IIIIIlllIl

-2 -1.5 -1 —0.5 0 0.5 1 1.5 2
misalignment magnitude: rotation about Z-axis [rad] A
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Summary Results on the Photon Yield, Reconstructed with Residual Cherenkov Angle

and Separation Power:

Detected reconstructed
photon number per one
charged particle for ====>
realistic limitation:

Spatial resolution and
Separation POWer fOor m e —=p
realistic limitation:

Misalignment Direction Component GR Method TI Method Threshold
Offset Y 3-layer spherical lens <90 <110 +5 mm
Bar <120 <110 +5mm
Combined stable stable >4+5mm
X 3-layer spherical lens <80 <110 +5 mm
3-layer spherical lens <90 <120 -Smm
Bar and Combined <70 <100 +5mm
Rotation Z 3-layer spherical lens stable stable > 40.2rad
Bar and Combined <50 <100 +0.2rad
Misalignment Mode Component o (rad) SPR (¢) Threshold
Offset Y  3-layer spherical lens 4.5 3 +3 mm
Combined 4.5 3 +3mm
Bar stable stable +3mm
X  3-layer spherical lens >5 <2 +3 mm
Bar stable stable + 3mm
Combined >5 <2 +3mm
Rotation Z  3-layer spherical lens stable <2 0.02rad
Bar and Combined >6 <2 0.02rad

N\
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Misalignment studies conducted under realistic configurations and constraints across
various modes, using different PDF per nominal and misaligned detectors.

3
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Separation Power between Kaon (K) and Pion (77):
8

e : : H :
'd: — DIRC at ePIC: Misalignment Studies (Work in Progress)
2, — Particle ID: wK
o — Track Angle: 0= 30 [deg]
o — : 5 : Momentum: 6 [GeV/c]
3 7 CRSERSGELESSPESAN P I R A OO LA SO R R R N R Hme-Window:--G.—Z--{ns]---i ........................................................................................
a — Time Resolution: 0.1 [ns]
o - Tracking resolution: 0.0005 [rad]
o — 5 5 X Geometrical Reconstruction: (Bar)
g — : : x Geometrical Reconstruction: (Lens) :
= 6 —m T N et e B SN S Geometrical Reconstruction: (Lens.and Bar).................. S
a - : : X Time-Based Reconstruction: (Bar) :
Q - ES Time-Based Reconstruction: (Lens) . . .
: B Time-Based Reconstruction: (Lens and Bar) = Mis allgn ment Mode: Rotation
1
Y

—-0.01 —0.005 0 0.005 0.01
misalignment magnitude: rotation about Z-axis [rad]

N\Y
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Separation Power between Kaon (K) and Pion (77):
8

Lo : H B
o — DIRC at ePIC Misalignment Studtes (Work in ngress)
E — ; Particle ID: K
— — Track Angle: 8= 30 [deg]
o — Momentum: 6, [GeV/c]
% 7 _ ............................................ ............................................ .............. Time Window:-0:2- L0 T ........................................... ..........................
o, — Time Resolution: 0.1 [ns] :
o — Tracking resolution: 0.0005 [rad]
o) — : : : x Geometrical Reconstruction: (Bar)
*g — X Geometrical Reconstmctwn (Lens) :
= OO OSSOSO HESOO OO RSOUTOINS SOOO b S S Geometrical Recanstruction: (Lens.and Ba)................. A . . . .
g_‘ 6 - ES : Ttme.BasedRecgnstrucngn (Bar) u MlS allgnment MOde . ROtClth?l
Q - : : 5 X Time-Based Reconstruction: (Lens) ?
B - Time-Based Reconstmction: (Len.;v and Bar)
: | : ;
N

5 _ ____________________________________________ ____________________________________________ ____________________________________________ ____________________________________________ . .

i %ﬁﬁﬁ,ﬁﬁﬁw ﬁ%ﬁ%ﬁﬁg i

—0.003 —0.002 —0.001 0 0.001 0.002 0.003
misalignment magnitude: rotation about Z-axis [rad]
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Event Visualization for only One Event :

Rotational Angle: -0.01 rad : photon #:120

* Misalignment Scenario: Radiator Bar

= Misalignment Mode: Rotation

Rotational Angle: +0.01 rad : photon #118
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Reconstructed Photon Yield :

detected photons #

— hpDIRC at ePIC: Misalignment Studies (Work in Progress)
— Particle ID: wK
— Track Angle: 8= 30 [deg]
125 SRR HIRER Y .................................................................. .................................................................. Mamentum6[GeV/c] ........................................................ ..........................
— Time Window: 0.2 [ns]
— Time Resolution: 0.1 [ns]
— Tracking resolution: 0.0005 [rad]
: : : Geometrical Reconstruction: (Bar)

120

Geometrical Reconstruction: (Bar and Lens)
Time-Based Reconstruction: (Bar)
Time-Based Reconstruction: (Lens)

115 : .  : ! ik = o e e
m .................................................................. .................................................................. ...... ..........................
e .................................................................. .................................................................. S—
100

95

90

misalignment magnitude: rotation about Z-axis [rad]

Misalignment Mode:

Rotation

N\
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Reconstructed Photon Yield :

125

120

detected photons #

115 =

110

105

100

95 —

90

hpDIRC at ePIC: Misalignment Smdtes (Work in ngress)
: Particle ID: JI/K

: Track Angle: 8 = 30 [deg]

................................... Momentum.6[GeV/C]
: : Time Window: 0.2 [ns] :

Time Resolution: 0.1 [ns]

Tracking resolution: 0.0005 [rad]

Geometrical Reconstruction: (Bar) :

.................... GeometrlcalRechstrucnon (Lens)

Geometrical Reconstruction: (Bar and Lens )

Time-Based Reéonstruction: (Bar) ;

Time-Based Reconstruction: (Lens)

Time-Based Reconstructmn (Bar and Lens)

;x-.. F@ g ﬁ;; ﬁgﬁm

¥

=

a3 u;# Tttt #;i

L | | | | | | | | | I | | | | | | |
—0.002 —0.001 0 0.001 0.002

misalignment magnitude: rotation about Z-axis [rad]

Misalignment Mode:

Rotation
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Reconstructed Cherenkov Angle for Nominal and Misaligned :

mean of reconstructed 6, [rad]

0.825

0.824

0.823

0.822

0.821

0.82

hpDIRC at ePIC: Misalignment (Work in Progress)

Particle ID:
Momentum:

Time.R:

Time Window: 0.
5

wK

Track Angle: 6= 30 [deg]

6 [GeVic]

2 [ns]

0.1.Ins].

Lens (W fit)

bl o e e o

Bar (W fit)

Tracking resoluti

Lens (W/0 fit)
Lens and Bar (W

Bar (W/0 fit)
Lens and Bar (W

fiy

70 fiy)

on: 0.0005 [rad]

1 | | |

|

0

0.005

0.01
misalignment magnitude: rotation about Z-axis [rad]

mean of reconstructed 6. [rad]

0.825

0.824

0.823

0.822

0.821

Mo

Ti)

Tinme Window: 0.2 [ns]

hpDIRC at ePIC: Misalignment (Work in Progress)
Particle ID: wK
Track Angle: 6 = 30 [deg]

mentum: 6 [GeV/c]

ion:.0.1.[ns]

Bai

bl o ] e o o

Lens (W fit)
Lens and Bar (W fit)
Bar (W fiy)

Tracking resolution: 0.0005 [rad]
Lens (W/0 fit)
Lens and Bar (W/0 fit)

(W/0 fiy)

ERCY

Faed

¥ ‘ i; 3 ¥ PPy, " ¥ ¥ i’:ﬁﬂ % .
T L AL ke

1 1 1 1

1

I

1 1 1 1

1 11 1

1 | 1

-0.002

L L
—-0.001

1 |
0 0.001

1
0.002

1
0.003

misalignment magnitude: rotation about Z-axis [rad]
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resolution of reconstructed 6. [rad]

Reconstructed Cherenkov Angle for Nominal and Misaligned :

0.03

0.025

0.02

0.015

0.01

0.005

hpDIRC at ePIC: Misalignment (Work in Progress)

Particle ID: wK
Track Angle: 6 = 30 [deg]
Momentum: 6 [GeV/c]

ol

Windy 0-2-fnel
ne-Window: 0.2 [ns;

Tim [ns]
Time Resolution: 0.1 [ns]

Lens (W/0 fit)

Lens and Bar (W/0 fit)
Bar (W/0 fit)

Lens (W fit)

Tracking resolution: 0.0005 frad]

fo 1=

Lens and Bar (W fit)
Bar (W fit)

0

|
0.005
misalignment magnitude: rotation about Z-axis [rad]

0.01

0.03

0.025

0.02

hpDIRC at ePIC: Misalignment (Work in Progress)
Particle ID: WK
Track Angle: 6 = 30 [deg]
Momentum: 6 [GeV/c]

7

resolution of reconstructed 6. [rad]

0.015

Time Wing ow:0.2-[ns]
Time Resolution: 0.1 [ns]
Tracking resolution: 0.0005 [rad]
Lens (W/0O fit)

Lens and:Bar (W/0 fit)
Bar (W/0 fit)

Lens (W fit)

0.01

Lens andBar (W fit)
Bar (W fity

bl oo [ o o

| I | | | 1 1 1 | 1 1 |

|
-0.002

0 0.002 0.004 0.006
misalignment magnitude: rotation about Z-axis [rad]

N\

DIRC Annual meeting

47



(]
Reconstructed Photon Yield :
@ 180 [—
jéi .
5 - pDIRC at ePIC: Misalignment Studies (Work in Progress)
L; - Particle ID: 7K
160 — Track Angle: 6= 30 [deg]
L Momentum: 6 [GeV/c]
L Time Window: 0.2 [ns]
r Time Resolution: 0.1 [ns]
Tracking resolution: 0.0005 [rad]
140 — Geometrical Reconstruction: K (1i=96.53 +0.41, RMS=20.240 0.29)
- : Flu 11410t 73200 Nominal detector; GR and TI method
- Time-Based Reconstruction: K (u=113.43 +0.40, RMS=19,79 +0.28)
= Time-Based ion: 7t (u=112.819 +0.40, RMS=19.905 +0.28) om lna e ec or, an me 0
120 — K: Apu=16.90£0.57, ARMS =-0.45 £0.40.
L mAp= 14691048, ARMS = 6.3710.34
100 +—
80 —
60 —
40 —
20 —
0 |

200
Detected Photons #

Misaligned detector; GR and TI method: rotational Misaligned detector; GR and TI method: rotational bar
bar around Z with -0.01 rad around Z with +0.01 rad

E'S — H* =
w 200 Z 180
5 - g -
L:] L Lil r hpDIRC at ePIC: Misalignment Studiés (Work in Progress)
180: I 160 o et Pl D K
r hpDIRC at ePIC: Misalignment Studies (Work in Progress) B Track Angle: 0= "30"[deg]
C Particle ID: mK i Agm?#u;m 6 [065? {,
C Track Angle: 6= 30 [d o ime Window: 0.
160 e ooy e o [ Tme Resolution: O.L[ns]
C Time Window: 0.2 4 i " J 0.
W i el s[]nsl L i 12 K (1=94.73 £0.40, RMS=19.749 +0.28)
C Tracking resolution: 0.0005 [rad] L .89 £0.26, RMS=13.04 +0.18)
140 | senoanna ) K (4=97.30 042, RMS=21.021 ¥0.30) - i 2.0 £0.39, RMS=19.53 £0.28)
r [ eooconcoo0e ) ical ion: 7 (1=99.78 +0.30, RMS=14.82 +0.21) 120 onstruct 088 £0.39, RM§=19.55140.28)
' Time-Based Reconstruction: K (u=114.75 +0.38, RMS=18.85 £0.27) L E ARMS - -0.2240.39
r Time-Based Reconstruction: (u=114.920 +0.41, RMS=20.311 +0.29) | . ARMS = 6.51 +0.33
120 K Ap="16.95+0.57, ARMS =:2:17#0.40
r T Ap=15.14+0.50, ARMS = 5.49 +0.36 o
100 o
= 80
80 -
L 60
60 — r
r 40
40 -
L 20
20 l
C 1 5 B hgol b I SRl AR b b al |
40 60 80 100 120 140 160 180 200 220 40 200 220
Detected Photons # Detected Photons #
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Events [#]

Reconstructed Cherenkov Angle for Nominal and Misaligned :

25000

20000

15000

10000

5000

rotational bar around 7 with -0.01 rad

25000

rotational bar around 7 with +0.01 rad

hpDIRC at ePIC: Misalignment (Wark in Progress)

Particle ID: wK

Track Angle: 6 = 30 [deg]

Momentum: 6 [GeV/c]
Time Window: 0.2 [ns,

Time Resolution: 0.1 [ns]
Tracking resolution: 0.0005 [mrad]
1 1i0)

Fit: Gauss

Events [#]

20000

hpDIRC at ePIC: Misalignment(Work in Progress)

Particle ID: WK

Track Angle: 6 = 30 [deg]

Momentum: 6:[GeV/c]

Time Window:: 0.2 [ns]

Time Resolution: 0.1 [ns]

gracﬁng resolution: 0.0005 [mrad]
it ian Functi

n
Nominal K: (1=0.8219 £0.000, 6=0.0044 £0.000)
Nominal  (u=0.8248 £0.000, 0=0.0042 £0.000) -
Misaligned K: (1=0.8222 #0.000, o=
1 Misaligned m (1=0.8250 £0.000, 0=0
K: Ap=0.0003£0.000, Ao = 0.0056
m Ap=0.0002%0.000, Ao = 0.0057:

0.0100 £0.000)
.0100 £0.000) B
+0.000
+0.000

15000

Nominal K: (11=0.8219 £0.000, 6=0.0044 £0.000)
Nominal m (14=0.8248 £0.000, 0=0.0042 £0.000)
Misaligned K: (u=0.8220 £0.000, 6=0.0056 +0.000)
Misaligned m'(1=0.8248 £0.000, 0=0.0055 +0.000)
K: Ap=0.0001 £+0.000, Ao = 0.0012 +0.000
mAp=-0.0000£0.000, Ao = 0.0013 £0.000

I

10000

5000

%’4&".‘_\_ DS p—

e P

0.82

0.84 0.86 0.88 0.9
0 [rad]
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Events [#]

Separation Power between Kaon (K) and Pion (7):

Rotate bar about z-axis: -0.01 rad Rotate bar about z-axis: +0.01 rad

300
300 - : : ‘ ‘ . E i
- : : - hpDIRC at ePIC: Misalignment (Work in Progress) @
- Particle ID: wK E | hpDIRC: at ePIC: Misalignment (Work in Progress)
L Track Angle: 8= 30 [deg] o - Particle ID: WK
Momentum: 6{GeV/c] [5 L TrackiAngle: 6= 30 [deg]
r Time Window: 0.2 [ns] Momentum: 6 [GeV/c,
250 R Time Resolution: 0.1 (ns]............. 250 Time Window:-0.2-[ns
i Tracking r ion: 0.0005 [mrad] I Time Resolution: 0.1 [ns]
r —  Fit: Gaussian:Function Tracking resolution: 0.0005 [mrad]
- 0 Geometrical Reconstruction K: (=243 +0.06, 6=2.67 +0.04) r Fit: Gaussian Function
L G ical ion 1 (U=-4.76 £0.06, 0~2.94 £0.05) - 3 G ical R ion K: (1=5.32 £0.08, 0=3.73 £0.05)
Time-Based Reconstruction K: (u=-22.75 +0.19, d=9.08 +0.14) G ical R ion 1 (1i=-1:95 £0.08, 0=3.86 £0.06)
- Time-Based Reconstruction 1 (1=17.49 +0.20, 6=9.61 0.16) r Time-Based Reconstruction K: (11=-24.84 £0.20, 6=9.40 £0.15)
200 K:Ap=:251840.19 Aa=640+0.15 200 Time-Based R, tion 7. (1=20:94.+0.21,.0=10.06 £0.18)
mAp=22251020,A0=6.6710.16 K: Ap=-30.1640.20, Ao=5.66 0,16
I mAu=2225+020,Ac=6.67+016 B mAE=228940.21,A0=6.20+0.19
— GR K Separation = 2.56G - mAY=228910.21,A0=6.2010.19
L TI wK Separation =4.316 L GR 7K Separation =1.926
TI WK Separation =4.716
e e — A 150
100 100
50 50
0 L | L [ [ 0 i P i g o
—60 60 80 100 ~100 -80 80 100
Ln L(K.) -Ln L(?t) Ln L(K) -1n L(TC)

,
=
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Separation Power between Kaon (K) and Pion (77):

K-m separation power [s.d.]

8

DIRC at ePIC Mtsaltgnment Studtes (Work in Progress)
, Particle ID: i/K
Track Angle: 8= 30 [deg]

Time Resolution: 0.1 [ns] :
Tracking resolutzon 0.0005 [rad]
Geometrical Reconstruction: (Bar)
Geometrical Reconstruction: (Lens)

oC
X Time-Based Reconstruction: (Bar)
S Time-Based Reconstruction: (Lens)

Time-Based Reconstruction: (Lens and Bar)
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Misalignment Mode: Offset
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Separation Power between Kaon (K) and Pion (77):

— 8 : : : : = Misalignment Mode: Offset
'3 B 5 : DIRC at ePI C: Misalignment Studzes (Work in Progress) :
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5 . Track Angle: 0= 39 [deg]
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Separation Power between Kaon (K) and Pion (77):

8

~
= B DIRC at ePI C: Mtsaltgnmem‘ Studtes (Work in Progress)
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Separation Power between Kaon (K) and Pion (77):
8

K- separation power [s.d.]

DIRC at'ePIC: Misalignment Studies (Work in Progress)
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Track Angle: 8 = 30 [deg]
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Reconstructed Photon Yield

detected photons #
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Reconstructed Photon Yield :

v ; : :
g — hpDIRC at ePIC: Mtsaltgnment Studies (Work in Progress)
ks 130 OSSOSO SOOI TSSOSO SOOI eeveerreneensssssssesnesssene Parbicle ID: 0K .............hoooocooooe e
= : : é TraqkAngle 0 =30 [deg] é
o, | Momentum: 6 [GeV/c]
8 Time Window: 0.2 [ns]
- — Time Resolution: 0.1 [ns] . .
3 | : { : 5 Tracking resolution: 0.0005 [rad] =  Mis allgnment Mode: Ofﬁ et
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Reconstructed Photon Yield :

detected photons #

150

140

130

120

110

100

80

""""""""" A, pliIR CatePICY Misaliign ment Studies (Work in Progress)
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Reconstructed Photon Yield
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Reconstructed Cherenkov Angle for Nominal and Misaligned :

mean of reconstructed 6, [rad]
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Reconstructed Cherenkov Angle for Nominal and Misaligned :

resolution of reconstructed 0, [rad]
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mean of reconstructed 6, [rad]

Reconstructed Cherenkov Angle for Nominal and Misaligned Detector :

— hpDIRC at ePIC: Misalignment (Work in Progress) '8 :
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resolution of reconstructed 6. [rad]

Reconstructed Cherenkov Angle for Nominal and Misaligned :
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Misalignment studies conducted under realistic configurations and constraints across
various modes, using same PDF for both the nominal and misaligned detectors.
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Separation Power between Kaon (K) and Pion (77):

K- separation power [s.d.]

8

DIRC at ePI C: Misalignment Studies (Work in Progress)
H Particle ID: WK
Track Angle: 6 = 30 [deg]
Momentum: 6 [GeV/c]
Time Window: 0.2 [ns]
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Separation Power between Kaon (K)

and Pion (7):

81
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Separation Power between Kaon (K) and Pion (1)

K-7t separation power [s.d.]

8

DIRC at ePIC Mtsaltgnment Studtes (Work in ngress)
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Separation Power between Kaon (K) and Pion (Tl‘)
8

K-7t separation power [s.d.]

DIRC at ePIC: Misalignment Studzes (Work in Progress)
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Separation Power between Kaon (K) and Pion (77):

8 DIRC at ePI C: Misalignment Studies (Work in Progress)
: Particle ID: ©K
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Separation Power between Kaon (K) and Pion (77):
8
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Backup ....
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detected photons #

130

120 —

110 —

100

60

hpDIRC at ePI C:

x>

.................................................................... b S
- =
I kS
B x>

x "'!'~-—.1'g -u",.-—!‘ 1:--"-&
¥ 2 'ﬂv‘w -’brw-&;-,wa.f-

Mtsaltgnment Studtes (Work in ngress)
Particle ID: wK

Track Angle: 6 = 30 [deg]

Meowere g o
Time Resolution: 0.1 [ns]

Tracking resolution: 0.0005 [rad]

Geometrical Reconstruction: (Bar)
Geometrical Reconstruction: (Lens). ...
Geometrical Reconstruction: (Bar anél Lens)
Time-Based Reconstruction: (Bar)
Time-Based Reconstruction: (Lens)
Time-Based Reconstructmn (Bar and Lens)

-1.5 -1 0.5 0 0.5

1 1.5
misalignment magnitude: offset along Y-axis [mm)]

same

pdf

N\

DIRC Annualm

eeting

71



detected photons #
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detected photons #
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1. Cherenkov Ring Fit Correction:
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Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion and Kaon:

offset lens along Y with 4.986 mm
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Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion only:

resolution of reconstructed 6, [rad]

mean of reconstructed 6, [rad]
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Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion and Kaon
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Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Pion only:

reconstructed O, [rad]
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shift bar along Y at 17 mm: photons #: 93 shift bar along X at 17 mm: photons #: 38

Why there is
smooth
dropped in the
photons

. number in X
shift bar along Y at 18 mm: photons #: 0 shift bar along X at 18 mm: photons #: 34 not in the Y:

the position of
the charged
track

Pig]
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Offset lens along X at 5.4 mm: 164

Why the photons number in the offset along X is
not same in the +/- direction

3
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(wrur- (Y107

Events [#]

Photon hit distribution when the radiator bar is rotated vertically
by 1.57 rad, showing enhanced particle separation performance
better than nominal detector showing in the Bottom.

N\Y
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Hit Pattern for All Events per Different Misalignment Mode:

= Misalignment Scenario: Combined

Rotational combined around the Z-axis +/-0.02 [mrad] = Misalignment Mode: Rotation

Nominal detector
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Hit Pattern for All Events per Different Misalignment Mode:

* Misalignment Scenario: Combined

Oﬂset combined ClI/’OI/md the X—aXiS +/‘ 72 mm ] Misalignment Mode: Oﬁ@el‘

Nominal detector

DIRC Annual meeting 83



Hit Pattern for All Events per Different Misalignment Mode:

* Misalignment Scenario: Combined

Oﬂset combined ClVOI/md the Y-Xm.S +/‘ 72 mm ] Misalignment Mode: Oﬁ@el‘

Nominal detector
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Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Kaon

resolution of AO._ Iradl
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(1] sixe-Y; Suofe Jaspjo :aprytugets JuauuBijesiu

Reconstructed and Residual of Cherenkov Angle for Nominal and Misaligned Detector for Kaon:

resolution of reconstructed O [rad]

resolution of reconstructed O, [rad] resolution of reconstructed O [rad]
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ed-Detecter for Kaon
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