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ePIGJRICH

Dualtradiator Ringmaging Cherenkov Detector (dRICH)
Essential to access flavor information

3D mechanical model
p/Abeam

"
41-275GeV/¢

vy

Gas
volume

Goals: Entrance L

Face

Aerogel

Hadron 3 - separation between 350 GeV/c
Complement electron ID below 15 GeV/c
Cover forward pseudorapidity 1.5 (barre}.5 (b. pipe)

dRICH Features:

Extended 30 GeV/c momentum range> Dual radiator
Singlephoton detection in high Bfiele> SiPM
Limited space->Compact optics with curved detector
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Design Status

Technical requirements Baseline technical solutions Ongoing

Dimensions

Momentum reach above 15 GeV/c to overlap with gas n=1.026
Aerogel: More than 10 detected photons from 4 cm thickness |:> dn/dl = 6 1066 nmL

Single photon resolution approaching 2 mrad scattering length > 50 mm

Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n= 1.00086

Gas: More than 20 detected photons from 1 m depth [> GFs dn/dl =0.2 16 nmt |:> Purging

Single photon resolution approaching 1 mrad absorption length > 100 m

Mirror: Preservation of the Cherenkov information Coating

Material budget limited to O(2 %) of radiation length

Roughness of few nm

Focalization of Cherenkov light onto the detector surface Carbon fiber material
:: Angular precision < 03irad

Single photon detection capability in highly raniform magnetic field
Excellent PDE in the visible range to cope with aerogel
sSensors: Marginal contribution to the angular resolution
Preserve prompt Cherenkov information
Tolerance to few 18 1-MeV neutron equivalent fluence

Spatial resolution of 3 x 3 nfm
Time resolution O(100s) lr: Layout

SiPM Operation at <30 degrees Annealing

Annealing curing cycles

Below 1p.e.signal threshold capability . .
Readout: Preserve sensor time resolution to cope with dark counts and accide A.LCOR chlﬂ-'oTarchltecture) ALCOR 64ch
; More than 300 kHzthrate capability ALCOR -Fl;grt]s ;e;glou’lt(lar;; 2aes RDO
Streaming readout with suppression of 4rtteraction frames

) Acceptance maximized in 1¢33.5 pseudorapidityrange
Mechanics:  Material budget minimized in acceptance
Compatibility with barrel maintenance at IP6

Single open volume
Detector in the barrel shadow

prototype

Composite materials l[: Realscale
Cooling
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dRICHPrototype

1stchamber

On axis optics to minimize the active area, single or double radiator imaging

Vacuum technology & recovery system for efficient gas exchange

Aerogel

Aerogel
photons

mirror

x rings before corrections

Reference
H12700
- MAPMTs

iy

Gas
photons

detector
Front-end “Aerogel”
electronics mirror

Detector and
aerogel box
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Aerogel Radiato

Aerogel FactoryBELL) Laser spot broadening with 3 x 2 cm aerogel
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| G. Volpe (poster)
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Aerogel Technical Performance

Aerogel with ==1.026 validated with lab and prototype tests

Scattering length vs refractive index gTrans + Fit
* meet SPE resolution expectations E L E :
<& - E L
2 o8 B

* scattering length > 50 mm

06 /f ¥
- ' 0.4 O
it C
AGZZI007 Sample Fav s
0.2 AG22J003.Sampke Raw.csv
AG2

* match with TOF end point (2.5 GeV/c)

* overlap with gas (> 12 GeV/c)
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Aerogel PreProduction

First large aerogel tile demonstrators delivered

based ordRICH baseline specifications

An effort should be pursued by the vendor to keep the aerogel quality parameters as close as possible or better than
the following reference values.

General specifications:
- No cracks or bubbles inside the block. Single spallings which decrease its area no more than 0.25 % are
acceptable on the top surface;
Lateral dimension tolerance within 0.25 mm;

- No evident disuniformity inside the tile volume:

Technical specifications:
Refractive index, to be chosen by the customer, in the range from 1.025 to 1.030, with a maximum tile-
to-tile variation of +/-0.002;

- Tolerance on thickness +/- 1 mm, being the error intended as the maximum tile-to-tile variation; . -
- Absorption coefficient, defined as the constant term of the Hunt parameterization of the aerogel Pt ‘II w | :
transmission, bigger than 0.95; N\ \ 1

Scattering length wavelength bigger than 45 mm at 400 nm; A \ 3T = / /
Planarity of the transmission surface, defined as the maximum peak to valley variation, does not exceed N\~ / )
1.5 % of the lateral dimensions. ' e v // b

N
&

g
d’oo

Engineering of the aerogel wall expected by 2026

* optimize area vs number of tiles |

* minimize the waste of material N \ /

* minimize the dead/lowefficiency gaps X /T 'l &

* optimize thickness: ] g

ol |~

- photon yield vs resolution Active Area = 21605 ém , Active Area = 21368 ém
- planarity Dead Ara = 3269 ¢hj13%) ’ Dead Ara = 3506 ¢il4%)
Wasted Area = 9112 G(27 %) Wasted Area = 1868 ¢r(i7 %)
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Gas Radiator Technical Performance

BaselineHexsafluoroethanealidated with lab and beam tests

Transmissiom UV range > 98 %

GFR; molecular weight: 138.01 g/mol
boiling point: -78.1 °C
melting point: -100.6 °C
density: 5.734 kg/m at 24°C
density: 16.08 kg/m at-78°C

N o

36:80F35 7410328033 WISS

s
Monochromator

24 1.6 m column for
gas transparency

1 covalent + 6 hydrogen bonds

24.8/23.8 486 478 029 030 28

Expected performance
obtained with

dRICH prototype

Measured 139.7 m/s
speed of sound confirms
negligible contaminants
after few year in bottle

Error on speed of sound 60~
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Gas System & Monitoring

Adaptation from realizations at CERN with focus on separation/monitor expected by 2026
Realization at BNL in compliance with DOE safety standards

dRICH vessel dRICH gas system

NZ! CQ

pressure “

! Safety
J bubbler:

gauges and

hardware high pressure

alarms +1 mbar flow > tg P

control storage
) storage (gas bottle
2 = N battery ~100 bar)
@ = monitoring and
5= calibration
= :
2= equipment recuperation
RS
8 £
+5 mbar g § - high pressure (up to 10 bar)
m L T (gas system area)
gas
Two-ways bubbler (aka COMPASS) IS ()
dRICH filtering
overpressure safety: underpressure safety: ressel
eter
—atm.p —atm. p separation
T Ap=4hPa Ap =-5 hPa
a a v
é bubbling out 5 bubbling in
« [
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Gas Separation and Purging

Development of gas separation protocols expected by 2026 Design of online purity monitors expected by 2026

Purging via liquefaction of standby gas

Updated vapomqwd equmbnum GR-CQ model, test in preparation at CERN Sonar to measure speed of sound

ViEdara 273k
- 10 bar chamber + specrophotometer to measure
. . light transmission in the visible range
uper- 1 .
o T
4 peint . 5,1
§ Solid Liquid 5
g 254
511atm 1.;’;7:\: (2] Gas 20 1
Lses7°C 30.98° 00 02 04 06 08
(7] Temperature ( °C) —» N x, y C2F6 (malar)

Purging via membranes

Effective separation of GBnd C@demostrated in LHCb 10* . . ; i e ol e
hpps://ledms.cern.ch/document/2816490/1 s I - i

Feed Retentate

::—oo:> Egt CZFG )
1---;---1---;---; H:. . NS T

. . . S
Permeate 0 5 0 15 20 e ™ e Py TS e e

P, i o o
per Ap [atm] Nominal sensitivity down to 10 ppm of refractive index

Permeability [Barrers]
3
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Design Status

Technical requirements Baseline technical solutions Ongoing

Dimensions

Momentum reach above 15 GeV/c to overlap with gas n=1.026
Aerogel: More than 10 detected photons from 4 cm thickness |:> dn/dl = 6 1066 nmL

Single photon resolution approaching 2 mrad scattering length > 50 mm

Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n= 1.00086

Gas: More than 20 detected photons from 1 m depth [> GF dn/dl =0.2 16 nmt E:> Purging

Single photon resolution approaching 1 mrad absorption length > 100 m

Mirror: Preservation of the Cherenkov information Coating

Material budget limited to O(2 %) of radiation length

Roughness of few nm

Focalization of Cherenkov light onto the detector surface Carbon fiber material
:: Angular precision < 03irad

Single photon detection capability in highly raniform magnetic field
Excellent PDE in the visible range to cope with aerogel
sSensors: Marginal contribution to the angular resolution
Preserve prompt Cherenkov information
Tolerance to few 18 1-MeV neutron equivalent fluence

Spatial resolution of 3 x 3 nfm
) Time resolution O(100s) Layout
Sl Operation at <30 degrees [> Annealing
Annealing curing cycles

Below 1p.e.signal threshold capability . .
Readout: Preserve sensor time resolution to cope with dark counts and accide A.LCOR chlﬂ-'oTarchltecture) ALCOR 64ch
; More than 300 kHzthrate capability ALCOR -Fl;grt]s ;e;glou’lt(lar;; 2aes RDO
Streaming readout with suppression of 4rtteraction frames

) Acceptance maximized in 1¢33.5 pseudorapidityrange
Mechanics:  Material budget minimized in acceptance
Compatibility with barrel maintenance at IP6

Single open volume
Detector in the barrel shadow

prototype

Composite materials l[: Realscale
Cooling
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Photon Detector

Steadly progress of photodetector towards integrated design completion in 2026

towards construction

26 hEh

>
2022 2023 2024 2025/26
electronics v1 electronics v2 electronics v2.1 electronics v3
Operated at37° final prototype
Heat exchanger SiPM array
Cold plate
b
Back-side
connectors
14 cm FEB
(ALCOR)
Service
wecticns

* 5 ns timing cut € F
€ so-
60}~ :
wf g | M SiPM array ALCOR chip
201
r [T} . .
o~ ot SiPM carrierv3
E o
P «& + RDO
-40F-
-60- @
_sob N + ALCOR 64ch
e e R T T g0 60 40260 20 40 60 80 ~ +FEB64
X (mm) X (mm)
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Sensor Layout Engineering

Baseline specs defined, finalization of the engineering of the SiPM optimized layout ongoing

average number of photons

Photonyied T T
40 @
F £ —e— $13360-3050 includes contributions
r —*— HPKS13360-3050 = o= i
38~ © 025 —e— $13360-3075 sl =
58 i —*— HPK 513360-3075 —e— $14160-3050
341 :
r . 0.2}
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300 75mMmm _
28 —— 0.15:
261 G Sias
saf- 50mm L S
r 0.1/
22 L. : ;
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[2)| NENRE FEUNE FRETE FEENE FRETE FNUTY FRUT PN AN OV
0 10 better time resolution with 75 pm SPADs . l V
PDU comfortably below g, = 150 ps also at low V., bias vo tage ( )

Novel HPK UVE fast SiPM

UVE (50 um) ~
S 700 g I after irradiation and annealing
g F ° I 75 pm sensors quartz
[ .
gso S = window
s 3 UVE
o
500 ; 102 I
T L B
400| = o g
£ o~ P
300 - >
E - .
200 L 2 o
F S13360 *
100 10 silicone
[ layer
100 1 I I 1
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time (ns)
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Annealing Engineering

Completion of engineering of the SiPM optimized layout and temperature treatments expected by 2026

Details of irsitu annealing protocol based on Jowd#ect

online self-annealing with forward bias

temperature

()} LRLLLLL IR RRLLL B IR B
(@) 55
(4] g 14 \V\‘
E g 1.2 “d
-8 g Poe-ot-s—3-3- R
3 Y R .
“— 5 o
(@] 2% "
| § o[-
o 175C P P
= of 1¢ [ C. Ripoli (poster)
(&) ool 125C
S 2 100C ratio wrt. new sensor N . RUbInI (talk)
e = O e 00 s 200 features
107'r o y annealing cycles (hours) e like a final FEB with all annealing circuitry
e  SMA connectors to inspect SiPM signals on scope
J goals
. i ] e test realistic dRICH annealing electronics
oven i U i e study/engineering of annealing process details

level with

= front-end
%
97% cured v annealing
no ALCOR chip circuitry
B - - & 4 on this board

damage

SMA connectors to
inspect SiPM signals
at the ALCOR input

| |HoT SURFACE /’
ponNoT 7

TOUCH ik,

162k = =f =
T=100°C 7 T =125°C - T =150°C 1 T=175°C
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coloured points are averaged over sensors g : // < preliminary thermal
coloured brackets is the RMS 4L H SIMUItions (T, .., = 60 C) \
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ALCOR Readout Chip

ALCOR spces defined with years of lab + beam tests with the 32 channel ve’iG@Rv64 pilot production ongoing

at ?

NHzy AY

ALCOR block diagram

/ ALCOR pixel

Disc 1

<

Anodeicathode
- RCG
;2
Disc2
TOC 0
ToC1
0C2 Pixel block
\ ToC3 [
. -
TP-SHUTTER — Configurasien vom Configuration 1o
lower channel el channel

ALCOR key specifications

| R. Preghenella (poster

Function Digitization from SiPMs with 1 p.e. sensitivity
Mode Single-photon tagging or time and charge
Tech Node 110 nm CMOS
Channels 64 (8x8), dual polarity

_QQAL’} <1nF
Digitization 20-40 ps TDCs, TOA + TOT; Timing <150 ps
Shutter Width: 2-3 ns, programmable latency
Input Rate <2.4 MHz (up to 5 MHz on single channel)
Clock 394.08 MHz operation from BX 98.5 MHz
Links 788 Mbps LVDS, SPI configuration
Power 12 mW/ch
Package BGA
Rad Tolerance Radiation hard

M. Contalbrigo

Improved timing and digital shutter

al NOK WHp

$13360-3050, OV=3V

610.0
w00 ALCORv2
S
E 5700
>
550.0
ALCORv3
530.0
B e R
240.0 300.0 360.0
time (ns)
40 4 NN ALCOR v3
U=255.6 ns
35 A = o0=84ps
30 1 N ALCOR v2
25 4 u=256.1ns
= 0=153 ps
20 A
15 A
10 A
5.

2.552 2.554 2.556 2.558 2.560 2.562 2.564 2.566
Timestamp [s] le-7

RICH2025, Mainz, Septembef 025

Silicondie layout

A bbbyt

91 L AEI P7 PT L= Pﬁ AEAV:T PW

bk
s

Compact balprid array (BGA)
packagewith interposer

0000000000000000
©0000000000000000
0000000000000000

wos

® GND

® VoD
vee

® AGND

® Analog
® VDDA

TRPNMLKJHGFEDCBA \




Readout Electronic

5SaA3dy 2F (GKS NBlIR2dzi St SOGNRYyAOa Ay UGUKS aFAYylLfé& St
Protonirradiation campaigns for ALCGR and key RDO components showed SEU rate is within the expected manageable levels
A working B\Qscheme has been identified to support ML online data filtering atdetlctor level against pure daxdount event

+ 3rigid PCB connected with 2 flex PCB

+ Four connectors to front-end board, 100 pins
SAMTEC LSHM-150-03.0-L-DV-A-N-K-TR

+ Four Hamamatsu arrays of 64 SiPMs each

* 256 SiPMs in total

Carrier v3

TOP

Testproduction ongoing FrontEnd Board (FEB)

Readout Board (RDO) ., sor \

LDO LDO uC

TSMC 16 nm FinFET process

=
@
)
(@]
[
7
e
la)

Alcor bus

(high | g Artix
density Ultrascal
connector)

:
|3

9.0cm
Bl [3.54 inches

8.2cm
ﬁ 3.2 inches

PolarFire
FPGA
(scrubber)

programming
connector

5.2cm
28 nm process
2.04 inches 4.0cm 4.0cm

‘config memory is SEU immune,
it fe) 1.57 inches 1.57 inches
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Readout Irradiation Tests

Singeevent upset (SEU) rate of dRICH electronics is manageable with standard firmware redundancy and resets features

Regular irradiation campaign ongoing: ALCOR radiation tolerance

Neutron irradiation campaign at LMIN (21 October 24)

Gamma irradiation campaign at CEBNF (146 October 24)
(for 1000 fb™1)

Proton irradiation campaign at TIFPA  -X4December 24)

Drift chamber monitor to measure
the actual proton
7

e ECCR 0=9.8 10" cm?bit  periphery register — no TMR in ALCOR v2.1

e BCR 0=6.1-10"cm?bit periphery register - no TMR in ALCOR v2.1
e PCR no SEU detected re-written every 10 seconds to mimick TMR
22:51 TFine MIN/MAX spread
20.0
Measured 7
, 2175
: Si5326 (clock) osgy = (389 +054) - 10740 4h ? o
E z
Attiny (power) oseu = (211£050) - 10745 |:> 3.8h % 125
@ 10.0
Our estimates Osgy (%) P 7.5 h
i months
AU15 P (F PG A) BRAM (1.78 £ 0.23) - 10715 2 min 5.0 4
A (230+028)-107%¢ 0 100 200 300 400 500 600
TID [ krad ]
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dRICHDnline Filtering

A working B\Qscheme has been identified to support ML online data filtering atdetiector level against (1:5) pure dackhunt event

Scheme based on ePIC DAM (Felix) & ToDAMAIL  gTy

To Echelon-0 Switch

Phys Signal+Phys Background+Noise

APEIRON communication network (INFN) or
sub-sector integrated analysis detector integrated analysis
Fromm Qg Qg s Qg —— IH %
GTU DAM 1 g OO \
Sector 0 e o
GTU (..., dIT) 8 (e
50k channels
per sector - B
. Relu
GTU - . — RDO flow m s
— PROC flow T 16 x 16-bit
_ — GTU II0 - FC316
GTU (trigger to DAM) Inpu!!so o 1:;2 o
GTU
Confusion Matrix
= - . - Tensorflow Model Performance
Promlsmg prellmlnary tests SRR E— I
To Echelon-0 Switch
GTu = Through quantization, we defined: o ]
quantized fixed point<16,6> inputs N,\.\‘
o1 quantized fixed point<8,1> weights %0 {

quantized fixed point<8,1> biases

@ 100 kHz & 10 ns:

BSN

performance (%)

GTU . _ 80 1 .
] ggzusracy = (TP+TN)/(TP+TN+FP+FN) = C. Rossi (talk)
0 75
QO Purity = TP/(TP+FP) = 0.858 e
0 Recall = TP/(TP+FN) = 0.977 wlm e

50 100 150 200 250 300
SiPMs Dark Count Rate (kHz)
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Design Status

Technical requirements Baseline technical solutions Ongoing

Dimensions

Momentum reach above 15 GeV/c to overlap with gas n=1.026
Aerogel: More than 10 detected photons from 4 cm thickness |:> dn/dl = 6 1066 nmL

Single photon resolution approaching 2 mrad scattering length > 50 mm

Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n= 1.00086

Gas: More than 20 detected photons from 1 m depth [> GF dn/dl =0.2 16 nmt E:> Purging

Single photon resolution approaching 1 mrad absorption length > 100 m

Mirror: Preservation of the Cherenkov information Coating

Material budget limited to O(2 %) of radiation length

Roughness of few nm

Focalization of Cherenkov light onto the detector surface Carbon fiber material
E Angular precision < 03irad

Single photon detection capability in highly raniform magnetic field
Excellent PDE in the visible range to cope with aerogel
sSensors: Marginal contribution to the angular resolution
Preserve prompt Cherenkov information
Tolerance to few 18 1-MeV neutron equivalent fluence

Spatial resolution of 3 x 3 nfm
Time resolution O(100s) lr: Layout

SiPM Operation at <30 degrees Annealing

Annealing curing cycles

Below 1p.e.signal threshold capability . .
Readout: Preserve sensor time resolution to cope with dark counts and accide A.LCOR chlﬂ-'oTarchltecture) ALCOR 64ch
; More than 300 kHzthrate capability ALCOR -Fl;grt]s ;e;glou’lt(lar;; 2aes RDO
Streaming readout with suppression of 4rtteraction frames

) Acceptance maximized in 1¢33.5 pseudorapidityrange
Mechanics:  Material budget minimized in acceptance
Compatibility with barrel maintenance at IP6

Single open volume
Detector in the barrel shadow

prototype

Composite materials l[: Realscale
Cooling
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Annex C. Technical Requisite

Each spherical mirror is supplied with

- aspol-size measurement,
- areport on dimensions,

- no reflective coating.

The spherical mirrors are replicated from the same mandrel. The latter is realized with the novel
cost-effective technology that reduces the mandrel total mass and cost. Each mirror fulfills the
following optical quality specification:

- Radius within 1% of nominal RoC value
(the nominal RoC values is defined by the customer before production in the range
2000 mm +/- 10%),

- Roughness <2 nm,

- Pointlike image spot size D0 < 2.5 mm,

2Fe).
- Compatibility with SiO» reflecting coating.

- Compatibility with fluorocarbon gases (

Spot Image
d0 = 2.45 mm
Spot Center = (7.2, 6.2)

11.0
9.625 300
8.25 250
6.875
- 200
E
E 55
> 150
4.125
100
2.75
50

1375

0.0
0.0 1.375 2.75 4.125 5.5 6.875 8.25 9.625 11.0
X [mm]

M. Contalbrigo

Y [mm]

—

S50 cm

Spot Image
do = 1.59 mm
Spot Center = (6.96, 6.0)

v/ D0<25mm  /R=2200+/-1%

11.0 1
%0 ® Measurement Results
9.625 00 —— Parabolic Fit to Measurements
@ Fit Minimum
700 35 4
8.25
600
6.875
500 = 30
55 E
400 )
4.125 251
' 300
2.75 o8 -
1375 350
L]
0.0 0 15 : v ; ! : . :
0.0 1.375 2.75 4125 5.5 6.875 8.25 9.625 11.0 2248 2250 2252 R[;jj" 2256 2258 2260

X [mm]




General Layout

A detailed mechanical model of the singlessel detector is outlined with composite materials

Shell Onsite maintenance access
) s without breaking the beam vacuum

Detector box

(aluminum) Exit window

(CFRP sandwich)

Entrance window
(CFRP sandwich)

| PDU detector | | Quartz Windowl

Composite materials

Total wieght: ~ 2 ton
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Quartz Window

Ongoing comparative simulation vs prototype thermal study expected to be completed by mid 2026

SiPM plane, cycled from 2 -30° 3 mm lucite window

Ongoing study with ANSYS workbench simulations
Benchmarked bgRICHrototype

Gradients are largely mitigated by
- doublelucite window (with air gap) x 0.5
-8 mm thick quartz window

-inner gas recirculation x 0.1

Gas volume with thermocouples

e : =t
5 L Temperature proflle |

WIIIM%II%I pint w1 ™

20

Temperature [C]
dmperaturf [C]

19

b ”“'"'WWIW'MW:

Gas volume

[

Gas chamber bottom

Temperature profile
1855 Lt . ! s s s . s . A . .
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14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00
Time [s]
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Real Scale Prototype

Engineering of all the mechanical details pursued with the-seale prototype now expected by miictober

Aerogel demonstrator

Mirror mounting and holder

M. Contalbrigo

f
-
f"/

i

Belts to piezo
actuators

*——__| Sprungtoallow

mirror insertion

and removal

\

Under
Construction

\ A 4

CFRP layer samples
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Previous validations:

Dualradiator concept

Gk radiator gas performance
Aerogel rafractive index
SiIPMALCOR readout chain
ElCdrive readout plane
Induced temperature gradients

2025 main goals:

UVE Sensors
ALCOR readout with RDO

Real scale-sector prototype
with demo components

107

Eiilioas s Vs b bieitNes sl fhan g . i
-80 60 /40 20 0 20 \40 60 80 75
X (mm) ring radius (mm)

Slot at SPS H8 in November

gas ring aerogel rings
m mKp
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dRICHPerformance Study

Simulation withineP1Cdd4hep framework accounts for tracking, material budget and magnetic bending.

Model bases on lab characterization and testam data of components
i P
n=1.020 E
n=1.026 t k
Aerogel
specs
P
T. Boasso (post}
p
SiPM : €
Darkcounts -
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