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LHCb RICH-1 (Aerogel+C,F,, gas radiator)
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A reminder of Cherenkov detector

* Cherenkov detector is a powerful tool for charged particle identification, especially for
particles with a momentum up to several tens of GeV/c where the ToF is not applicable

RICH-2 (CH, gas radiator)
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Cherenkov detector widely used by many experiments

* A lot of high energy particle /nuclear/astrophysics/neutrino physics experiments around the

world

-DELPHI, CLEQOIIl, BABAR, BELLE | & BELLE Il, LHCb, ALICE, COMPASS, STAR, NAG2,
CLAS12 , AMS02... (and many neutrino experiments not listed)
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Fig. 3. The CLEO RICH, shown in CLEO-III configuration.
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Fig. 1. Schematic drawing of the BELLE-ACC system.
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Proposed also by the future experiments

® Such as FCC-ee, EIC, STCF -
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* The ARC was designed to be integrated with the CLD detector,

between the tracker and the ECAL

* The ARC thickness is 20 cm, the barrel length is 4.4 m and the
endcaps are placed as the bases of the barrel
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Motivation of the Cherenkov detector tfor CEPC

* A Cherenkov detector at CEPC is helpful, for high momentum PID( up to 20 GeV/c)
at the endcap or forward region where there Is only a short track or even no track in

TPC (dN/dx not good)
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Possible location of the Cherenkov detector at CEPC

* Two possible locations without changing the other detector design in ref-TDR

* Depending on physics requirement, Cherenkov detector performance and also material

budget
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An overall view for the locations
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The drawing of the two locations

TPC
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Investigation of technologies used for Cherenkov detector

G10 Box Rib

* Radiator

- Solid-state or liquid: LiF, NaF,
fused Silica, C4F,4(liquid)

- Gaseous: CF,, C4F1o CsFyp

- Aerogel (silica aerogel)

- Hybrid: aerogel + gas
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Investigation of technologies used for Cherenkov detector

charged particle

* Photon detector GLOBox kb E Neseeram
- Gaseous chamber: TPC-like / MWPC filled with . radiater

photoionizing gas (TEA) or photocathode coating [T e = P cn, | i collection

(Csl) K Sl | S8 e A Wi

- PMT: dynode PMT (fine-mesh, metal channel), ciecconee I

MCP PMT 192 mm , g‘erﬁ © ©—» + 205K\
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- Hybrid detector: HPD(hybrid photon detector) and

HAPD(hybrid avalanche photon detector) | — | frontend
CLEO Il ( MWPC with CH, i

- SIPM (proposed but not yet used) +TEA(triethylamine) ALICE (MWPC +Csl coating on pad )
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Multi-anode HAPD MCP PMT (Hamamatsu R10754- HPD (LHCb RUN1&2) Multi-anode metal-channel
(Belle Il endcap) 07-M16), Belle Il barrel(iTOP) dynode PMT (LHCH'RUN3)




Possible design of CEPC Cherenkov detector

® The proximity focusing method: Reference: T.lijima, NIM A548 (2005) 383; A.Yu.Barnyakov,
NIM A553 (2005) 70; D. Sharma, NIM A1061 (2024) 169080

________________________________________________________________________

; Aerogel Photon detector ' Aerogel FrLzS:Sel Photon detector

. radiator | . radiator ]

i Cherenkov i : Cherenkov i

. photons | I |

! ! i photons !

| N 6 : . | E

i . Charged particle ' Charged particle
| 30cm | | |

1 1 : n :

: < | L1
e 2.5cm, oL :

) ~44cm .
Option1: Option 2:

Multiple layers of aerogel with varying n, A single layer of aerogel, focused by a

overlapped ring for different emission points Fresnel lens.
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A 3D sketch of the Cherenkov detector

Focusing radiator based on 8-layer aerogel with n=1.008+1.01
total thickness 67 cm

116 mm

97 mm

30 tiles per end-cap

25 tiles per end-cap

97 mm

20 tiles per end-cap

97 mm

/
(I-'ocusing aerogel tiles ) G’holon Delectors)

90 trapezoidal tiles 1030 sensors 2.7x2.7 cm

15 tiles per end-cap

97 mm

from Alexander Barnyakov, BINP



Why uses aerogel as the radiator

* Generally, to have PID for 3-20 GeV/c:
- Solid-state/liquid radiator are excluded, due to very large n (1.3 or larger)
- (Gaseous radiator Is also not applicable, due to very small n (1.001 or
smaller)

- Aerogel can have adjustable n (1.0x ~1.00x) , so it's a good canglﬂgtseeparaﬂon ‘ Aerogel from BINP
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Number of photons emitted /cm

Some calculation on the number of photons emitted from
different radiators

#photons vs momentum for different radiators

1000 Radiators Refractive index Number of photon
LiF and (p=20GeV, A= 300-600
CgF14(liquid) nm)

100 Fused silica, 1.46, 1.392, 1.334 300-400 photons /cm
= LiF, NaF (solid
§ - State)
3 10 Silica aerogel
= CeFy4 (liquid)  1.283 ~300 photons/cm
é

o CFyand CsFyp  CoFp CiFyg 1.00172, 1.0014, 0.7 - 2.6 photons/cm
1 (gas) CF,, (gaseous)  1.0005,

/’7 Silica Aerogel  1.01 - 1.001 1.5 -15 photons/cm

(adjustable)

0.1
1 3 5 7 9 11 13 15 17 19 21
Momentum(GeV/c)
——n=1.0005 ——n=1.00172 ——n=1.008 n=1.01 ——n=1.283 ——n=1.46 dE - E S111 C

~ 370sin? 6, (eV-lcm)
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Past and ongoing R&Ds on aerogel

* By Alexander Barnyakov from BINP

Aerogel with n=1.008 (Novosibirsk)
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d - thickness of a sample,

A — wavelength in nanometers,
Lsc - scattering length at 400 nm,
ao — surface scattering coefficient,
C - clarity coefficient

2 aerogel pcs
230x230x35 mm

MaPMT H12700
(Hamamatsu)
with mask 3x3 mm?

Single photon Cherenkov angle resolution is investigated with
relativistic electrons at BINP beam test facilities
”Extracted beams of VEPP-4M complex”.

Some results of beam tests at the BINP with mRICH design

Aerogel:
* n=1.028

e L_(400nm)=48.210.7 mm
e Thickness=40mm

Fresnel lens:

e Acrilic (PMMA)

° ,I:f=6”

e Manufacturer: Edmund
PMT:

e 4 Hamamatsu H12700

e pixel 6x6 mm

Without lens

Hitmap with ROI N
rvnlo 107488 F tnpe
Meanx 1437 Entries 1501
poy, . Meoan 1023
RMS x 207
RMSy 3479 RMS 3%
N,,(ROI)=10.23+0.0
[ ] N,o(Al)=13.65£0.12
oy e LY % &
X, mm
Hitmap with ROI With Fresnel lens
fnpe
Entries 1491
Mean 5274
RMS 2232
(7] No(ROI)=5.27+0.
[ Noo(All)=7.0720.09

CEPC day, 27/06/2024

radhit
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30f
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Entries 20548
Mean 4118
RMS 7.981
xEindt  2525/597

335408
R, 39.48 £ 0.09
% 3615 2 0.077
Ng 257120214
R 46.54 +0.70
13.53 + 0.60

radhit
Entries 10579
Mean 3854
RMS 8916
2indl  212.1/34
N, 1538468

R, 36.46 +0.10
9, 2528 +0.092
Ny 16730
Ry 3868059
O 8.885+0.808

[ |R(track)
[CJR(SPR)
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Consideration of the photon detector

* General requirements
-low dark noise/single photon detection capability
-high detection efficiency
-high magnetic field tolerance (3 Tesla)
- small material budget (location inside TPC and ITK)
- good time resolution (time resolved Cherenkov detector?)
- relatively good position resolution
- reasonable cost
- low risk on construction and operation

* Possible photon sensors
-Gaseous detector (MWPC, MPGD)
-PMT(dynode/MCP PMT)
-HPD/HAPD
-SiPM

16



Past and ongoing R&D for photon detector

MCP PMT
Planacone XP8122

233 ........ )

59.0£0.3 SQ.

:2:
ScAsZ PIXEIS WITh Imm size
and pithch ~2mm

To decreas readout
electronics channels it is
possible to develop ‘spread
delay lines’ or ‘chrge sharing’
approaches

Expected spatial resolution
as small as

0y ¥ —= 0.3um

* Investigation of the photon sensor (by Xiaolong)

PSS-SiPM or LG-SiPM
B=
mar ]

* PSS 11-3030-S (from NDL,

China)

* 3x3 or 6x6mm SiPM is read

out by 4 digitizers

* Position is reconstructed by

charge sharing among 4 pads
connected to resistive plane of
the SiPM

* Declared resolution for single

photon hit is about
o = 200pum

Digital PC

Mo ~?'\-~_

. DPC3200;22-44 — 3200 cells/pixel
(from Philips)

through controled lattch and could
be switched On or Off for readout

* Qutput data are ‘timestamp’ of the
first fired microcells and total
‘number’ of fired microcells

* Each microcell is connected

* Output data could be changed to
‘timestamp” and ‘serial number’ of
fired microcell and then spatial
resolution will be determined

microcell sizes:
o, < 50,25,12um
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Investigation of MCP PMT as photon sensor

For Belle Il, barrel RICH (iTOP)

MICROCHANNEL PLATE

HAMAMATSLY PHOTOMULTIPLIER TUBE

rreret i ent SRS R10754-07-M16
- -
°
@16 matrix multianode °
@#5mall dead space
@Fast time response
®High magnetic field immunity
®Long life time
' °
@®High energy physics
@Multichannal time lved f
measurement
#Light detection and ranging [ )
l SPECIFICATIONS °
GENERAL
Parameter Dascription / Valua Ut
Spectral response 160 to 850 nm
Wavalength of maximum response 380 nm
Window material Synthatic silica —
Material Multialkali —
Phofocathods Minimum effective area 23x23 mm
Dynode structurs 2 stages Microchannel plate —
Dynode Channe| diameter 10 um
Mumber of anode pixels 16 (4 = 4 matrix) —
Anocde pixel size 5.28 x 5.28 mm
Operating ambient temperature * =30 to +45 °C
Storage temperature -30 to +50 °C
MAXIMUM RATINGS (Absolute maximum values)
P Valua Unit
Supply voltage | Betwean anode and cathode 2700 W
Average anode current 2 uf
CHARACTERISTICS (at 25 °C, 2200 V)
Parameter Min. Typ- Max. Unit
|Lum inous (2856 K) a0 110 — BAm
Gatteode: ity Blua sensitivity index — 75 — —
Anods luminous sensitivity 22 110 — Allm
Gain — 13 108 = =
Dark current (After 30 minutes storage in darkness) — 5 30 nA
Riga tima — 195 — ps
Fall time — 310 — ps
Time rezponss Width = 400 = ps
T.T.5. (FWHM) & — 75 — ps

Al Mo condensation
B Transit-time spread (T.T.5.) is the Buctuatian in transit time between individual pulse end specified as an FWHM (full width at halt madimum)
with the incident light having a single photoslection state. This value Includes the jiter of the electronics about 30 pe.

VOLTAGE DISTRIBUTION RATIO AND SUPPLY VOLTAGE
[Electrode | K [ 15t MCP-in_| 1st MCP-out | 2nd MGP-in_| 2nd MGP-out | P ]

| Distribution ratio | 1 [ 5 [ 5 I 5 [ 3 I
Supply voltage: 2200V, K: Cathode, P: Anode

:-SubP:th local lechrucal requarements and re ulahnns. avalabiliy f procucts ncluded in ths b .nmlmaxzmj mﬂr var)u Phasu :Dfﬁuhmlhaursdusuﬂu -
Irﬁm;;nBF.Tu'rﬁi%ab}hWﬂéﬂsbuhudubemiﬂu Eunm" na responsibikly s assumed for possible b are
subject i change without notice. Na patent rights ane granted ta any of the circuits described hessin, €202 Hamamatsu Phatorics KK

Effective area:
23mm x 23mm
Anode matrix:

4 x4

Anode size:
5.28mmx5.28mm
QE: ~20%

TTS (FWHM): 75
HV: 2.7kV

B NGO21YCHLEEIAE nso21 ver-rvr

“FPMT”, NNVT&IHEP
Application (TR Features |
Effective area:

ESW/Specialized Medical Imaging IHEER  High Speed “ 0 g
Cherenkov - RICH, TOF, TOP,DIRC ~ 1#38% High Gain : 46mm X 46mm
MAE%EE/High Energy Physics WSME  Low Noise : -
st e /Sscurty node matrix:
8x8
¥ ¥ 18 Specifications * Anode size:
HER T Window materal AVG giass sf:.;. N ‘ 575mmx5.75mm
FEFBRBER/Photecathode matertal T/ Bialkal !. Q E 2 1%
fEMEER/MUltipler structure 2R EREEY2 MCP
pS PR/ Ancde stnucture T T T T T 11 e TTS (O ) .

2

_---- 15ps(MPE)

JeisiSE/ Spectral response 280-650 N6021 ¥ REl
g B R Quantum efficiency —- o NG6021 PMT dimentional outline 5 O pS(S P E)
peak wavelength :

B .
§§ P —— ® B .~ dark noise rate:
g |
&% BFEE@410nMVQE @41Cnm 21 % ] | N 500 HZ/anOde

=/ Radiant sensitivity@410nm 72 mA/W = 1 |
Ll e I HV: 2 kv
THFeRE/Supply voitage 2000 2500 Vv L”ﬂ ‘W
§ BetGain 2 % 10° ;m__ﬂp;"”;qm"’ﬁfﬁh L]
GE  WiMDark count rete@0.2pe(AEE) 500 8000 He

®
im REBS3HI/Charge resolution B %  Typleal single photoelectron spectrum
g B3R F ik /P eak to valey ratio 3 1

_LHALE/Rise time 300 ps -
- BRI PUse width 650 - EE o1 —f \\
g
CZ  FEmEFalime 800 ps @ [ N
g 0.01
g EREEESITTS@ @ (SPE) 50 P I
@
BB ERRETTS@ o (MPE ) 15 ps 0.001
250 350 450 550 650
T{F3F IR/ Operating ambiant tempareture —30~+50 T Wavelength{nm)
fisHEE F/Storage temperaturs -50~+50 T PLTE e e 1 8

Typical spectral response chara



Investigation of Multi-anode Dynode PMT

For LHCb RUN3

Effective area:
23mm x 23mm (1") or
46mm x 46 mm (2")
MultiAnode PhotoMultipliers " Anode mat”X: 8x8
(s -~ _* Anode size:
- 2.88mm x 2.88mm
or 5.76mmx5.76mm
* QE: 35%

e Hamamatsu MaPMTs

O 3100 R13742 and 450 R13743, including

spares
o Super-bialkali photocathode * Hig h vo Itage; 1.1 kV
O UV glass window
O Minimum gain 1x10° at 1 KV
- , HAMAMARTYTSULP | vuLTIANCDE PHOTOMULTIPLIER TUBE
O  1:4 pixel gain spread in 1” PMTs, 1:3 pixel =
. e ' TENTATIVE DATA SHEET R13742
gain spread in 2" PMTs 50 18 _ Exclusive for HPF-BS/ CERN and HPI/ INFN
Low dark count rate et “MaPMT | {1588 Dec. 2015 MILANO (for LHCH/RICH)
. E * HPD 1166+ H H H
Single photon spectrum well separated . | g:":’mﬁ'ﬁi‘:::; dih:;:“:;:??_?"{lE%ﬁ];pg:sf'"d"w’ 1Inch Square
from the noise pedestal o5 Gonaral
e Higher QE of MaPMT in the green a0k Parameter Description Unit
. : é Spectral Response Range 185 1o G50 nm
o Chromatic error reduction R L i om
. o 20F Window | Wateriai UV Glass
e Sensitive to magnetic fields s Thickness 08 mm
F Dynods Struciureg Matal Channal Dynode
. . . E JEaS ¥ Mumber of Stage 12
o Shielding applied 105 s T13.6 Aroda Number of Piels B4 (6 8 Matrix] :
sk £ 134 Pixel Size 2,88 x 2.88 mm
E L 14322 Effective Area 23x23 mm
obdett Ll oL | Dimensional Outling (W x O x H) 262 ¥ 262 K174 i
200 300 400 500 600 700 Packing Density (Effective Area | External Size) 77 %
Wavelength nm Waight a7 a
Operatng Ambent Temperaturg -30 1o +50 oeg C
Storage Temperature B0l +50 deg C
Nucl. Inst. Meth. A 876 (2017) 206-208 Maximum Ratings (Absolute Maximum Values) ___
Supply Voltage iBetween Ancde and Calhode) 1100 W
Average Anode Output Current in Tatal 0.1 mé




Investigation of HPD and HAPD

* HAPD(Hybrid Avalanche Photon Detector)
for Bellell endcap RICH (customized)

* HPD(Hybrid Photon Detector) for LHCb
Runl and Run?2

Effective area: 70mm in diameter
PD size: ~2.5mm x 2.5mm
QE: 27%

W PRODUCT VARIATIONS

®R10467U Series

High voltage: 20 kV

*1: At the single photon state and the full illumination on photocathode, specified as FWHM (Full Width at Half Maximum).
These Values include the jitter of the electronics about 30 ps.

Effective area: 70mm x/70mm
APD matrix: 12 x 12

APD size: ~5mm x bmm

QE: 28%

Type No. | Spectral response | Photocathode | Window material | Window type | Effective area T-T-S-(Tral;'s:iwmﬁ)Spread)” '
R10467U-06 | 220 nm to 650 nm | __ Bialkali Synthetic silica_| Plano-concave| __#6 mm 50 ps H 19 h volta ge. 8.5 kV
R10467U-07 | 220 nm to 870 nm Multialkali Synthetic silica | Plano-concave ¢6 mm 30 ps
R10467U-40 | 300 nm to 740 nm GaAsP Borosilicate glass Flat ¢3 mm 90 ps
R10467U-42 | 300 nm to 840 nm |Extended red-GaAsP| Borosilicate glass Flat $3 mm 130 ps Table 1
R10467U-50 | 380 nm to 900 nm GaAs Borosilicate glass Flat $3 mm 130 ps Requirement for the HAPD performance.
®R11322U-40
Type No. |Spectral response | Photocathode | Window material | Window type | Effective area [ELE: (Tra;n;i‘tNT:Inﬁ)Spread)“ Item Typlca] Requirement
R11322U-40 | 300 nm to 740 nm GaAsP Borosilicate glass Flat ¢5 mm 170 ps QE (/i = 400 nm) 28 ~949,
®R14713U-07 Bias Voltage 250-500 V
Type No. |Spectral response | Photocathode | Window material | Window type | Effective area [ELE: (Tra;lél‘tﬂ;l';ln;:)Spread) ! High voltage -8.5kV
R14713U-07 | 220 nm 10 870 nm | _Multialkali | _Synthetic siica_| Plano-concave | __ 3 mm 20 ps gart current EE?;] 1-100 pA ‘;(;}A ; channel
ark current <
®H13223-40 . P
T.T.S. (Transit Time Spread) 1 Avalanche gamn 40 >30
Type No. |Spectral response | Photocathode | Window material | Window type | Effective area | " "™ (FWHM) P Bombardment gain 1800 = 1500
H13223-40 | 300 nm to 740 nm GaAsP Borosilicate glass Flat $3 mm 90 ps Number of bad channels <10
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A preliminary summary of photon detector

Photon Quantum Spatial Dark Time Magnetic Radiation | Material Cost Risk on
detector | efficiency resolution noise rate | resolution field tolerance | budget estimation | construction
types tolerance &operation
Gaseous poor good good poor poor good good Good poor
chamber (~28%at VUV (~1-2 mm, (~1 (~1-50 ns) (due to (no silicon) (~4% XO0) (several 10 (complex with
(MWPC, region, 160-  charge centroid Hz/cm?) charged RMB/cm?) gas, high
MPGD) 170nm) method) particles voltage, pho-
drifting) tocathode)
PMT medium medium good medium for  medium good poor poor good
(dynode (~20-3%%at  (~3-5mmwith  (~5-100 dynode(~20 (specially (no silicon) (~10% XO0) (~1000 (simple for
or MCP 400nm) multi-anode) Hz/cm?) 0-500ps); designed RMB/ construction
PMT) good for dynode or cm?) and running)
MCP(<50ps) MCP)
HPD and medium medium medium medium medium medium poor poor medium
HAPD (~25-30% at (~2.8-6 mm (~2.5-5 (~50-200ps) (with high (partially  (~10% XO) (~1000 (high voltage
400 nm) with multi- KHz/cm?) voltage) silicon) RMB/cm?) 8-20kV
anode) needed)
SiPM good medium poor medium good poor good ifno  medium if good
(~45-50% at  (~3-6 mm (~10 MHz  (~50-100ps) (small (atom cooling no cooling (simple for
400nm) depending on /cm?, room thickness) displace-  (~4% XO0); (~100 RMB/  construction
the size) temperatur ment) poor if with  cm?); and running)
e) cooling poor with
(~10% X0) cooling

No clear conclusion, need more investigation
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summary and next step

* A Cherenkov detector for CEPC will be beneficial even though it's
challenging

* Some consideration and design for the Cherenkov detector have
peen done but at early stage.

* R&D on aerogel from Russia group 1s helpful

* More Iinvestigation on photon detector I1s needed
* A lot of things (mechanical supporting, cooling, cabling, readout
electronics, etc. ) need to be considered

Thanks a lot to Xiaolong, Jianchun and Alexander Barnyakov for useful
discussion and input !
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