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» KA. GEM. Micromegas. uRWELL
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AEH BN

MicroMEGAS (CEA Saclay, Y. Giomataris)

mMseedrb A oed oas GEM (CERN, F. Sauli) RDS
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< 2 i
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Capillary plate (Yamagata U., H . Sakurai )
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< LHCIEIS FELEtR EEXKIERERTERNES
> ATLAS : R (BFHEE)+H5%(0.6FHEE) , 62m?
> CMS : 1&Z=(6.6F @) +14% (1 H:E BiE) , 201m?

EERSRERNIER E 2RISR
Xk , # Rl T X !

The CMS pixel Jf

.

T %ﬁ&rm;mzémamr,xﬁmwﬁ+m$ RIS A Y E SFIATE.
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» ATLAS : 50pm*400pm , o5,~10-20pm
» CMS : 100pm*150pum , c,~10-20um
» n-in-n, 1x10%°n,,/cm? , 50MRad , ~3%*X,

> SRFSEIEIT © 98%-99%

A FH)VERAR{ER 1 3D;

LS

1

> 3DEZEHEIERAVHEEROR
» ATLAS-IBL ( 20145Z%4E ) 1/4%H T 3D

HERE
> EEHNERIRR | B/\UFRAN , BRAYREREIEAIL0E
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» 1GHz/cm?10'%n,,/cm? , TID>1Grad

1017

— 10"

1015

CEEHER =10t neom: e
> B2 : 308, 50pm*50um
> HfB/E : i@n-in-pFEE , 50um*50um S
& psz LT e
> n-in-pPEEEEE s
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<~ BRAR : iMERESIEHCREZA— EAR g
> TFOSEE, SO
KEE, M=, RINE
> iIZHIREMERMEERFRES
+ SHBRRBIREGRERA
» CMOS-MAPS: STAR, ALICGE
» DEPFET: BELLE2
» DMAPS (HR/HV-CMOS) , SOl
HFT@STAR

« 350 nm CMOS

« <30 um pixels

« 0.37% X,

« 50 pm thick

« frame time < 200 us

Number of pixels per module 250 x 1536

Pixel size (r-phi, z) 50pm x (60-75) pm
Frame time 20 ys

Material budget per layer 0.15% Xo
Resolution (r-phi, z) <10um, < 20pum
Occupancy at 1.8 cm radius 0.2 hits pm2s-!

Radiation environment ~1 Mrad/year
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+ ITS22EBRAMAPSHEAR , RARGEGFEERNES !
> 101112, I.ZS*IOIOEE Superconducting ricH
> R FERTEZEMRKIEREFA

&S FF5um |, EHAdEI<10us , 50mW/cm?
TID: ~ 270 krad , NIEL: ~ 1.7x1013 neq

ALICE3FHE : 84
FITFENERISRA
MAPSI&=RA

IEFERNER S
. SemEREL , i
ansorber N\ HICM X1 !

Power Bus

Flexible PﬁnteM g
B 777
x X1 ".':;"
o
"/

Muon
chambers

v
27um*29um, 1.5%3 cm?

y
Detector fully assembled in Dec. 2019]
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ns

- kHz/mm?2 Neo/cm? Mrad
ME'IEBB LHC 25 1000 2*10% 80
Es GXQ‘ {Eﬁ;ﬁ HL-LHC 25 10000 2*101° >1000
LHC-HI (ALICE) 20 10 >1013 0.7
RHIC 110 4 ~10%? 0.2
SKEKB 2 400 B2 10
}Eﬁlﬂ‘a ILC 350 250 10%2 0.4

- LHC : fnE08. RiEL - FERESE
« HL-LHC : SE33AYniRisfIHEIRASESR — &En-in-pEmMR
e S EIWIEER  ESHNANER |, FEUEREE (3D ...)
S . Hthscis : (RUESE. SS9 > MAPS
Hybrid
> BAE . RERBEREAR - BIVWWIGEERY
> BRE . RRNIEASE - BXXchH. BXE (Hg) |, IEeEEMnEEEEE (FEE)
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#E URWELL 3mm

EHERZuRWELL{ZTE

I BAtR e .
3 Ak
SRR TS
EIC-ECCE STCF
T T—r—r——r——r— T g | pRWell foil
90 — ECCE Simulation, tracking and PID detectors, inactive components of trackers are hidden to hightlight acceptance / | ‘ )
=0 n=1 / Cathode & supporter
. uRwell i / -
e S et i o B R et e e S i e

__Bwd AC-LGAD

-150

IR
Barrel AC-LGAD

nRwells &=
Fwd Si-disk N B=
Si-sagitta Fwd AC-LGAD | 5
n=3
e
-50 0 50 100 150 200 A\
z[em] 3 layers of eylindrical pRWell inner tracker
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Xl ) EETEFRNPNERES

» BELLE2: PXD(RE1&%)+SVD(RERSZ)+CDC(FILEFRBE)
» ALICE: ITS(HIERRETRIIRM F%)+TPC
» ILD. IDEA. CEPC: VTX(FE1&Z)+SIT(HERS%)+TPC/DC

X=i6 |, BRENSPETEE BB EE—RAREIR
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+ MR EFEEMNLITIIHAAZ
> MEG-II, SCTF. STCF, IDEA

< BELLE2 KBS ER ZERIpRINESFIETT
< ALICE-TPC ( Bttt = ATPC ) /9
R REFHR
» MWPC—GEM, T[], &EE0EH
< #BAXTPC ( ILC-TPC, CEPC-TPC)
AR AZ
» GEM , MM , MM+GEM , &5
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RPC : PEMIRE RPC : FHMIRE
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" _figfieceie cooting.
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MUD Barrel
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f
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<+ Phasel

» ATLAS : E#EMDT/TGC/CSC — MicroMegas/sTGC

- EERIREMuonfiti &R BE]

> CMS : ZZGEM(GEL/1)

- EERIREMuonfiti &R BE]
»Phase2

> ATLAS : LFESERPC+sMDT(BI)
- IEREFEEMuonft A ee

o ESEMuonfit&Z URIEFIMuoniRNZEEZE
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S AERIEAR : BIA+PMT, Z5EMEMEIR=Z ( MRPC )  BESII-2E[4 : 100 ps(() , 80 ps(W)

light guide Scintillator

» BELLE. BES. ALICE. STAR. CBM B Y .
= ¢ m— 7= "o~
el & —— 4 e \ e . f 16 cm
< BEARBEEHE - SiHEEE. SRE. SiEo Lt
» CBM: {KPFEIEIEMRPC LYSO+SiPM BESIII-IEIEMRPC : 60 ps
sro s . X 3x 3~ . M 20 o
> PANDA: #B[J+SiPM  [F*°/mm: 3P P

» CMS: LYSO+SiPM T

b CMS, ATLAS: LGAD | B

LGAD : 1.3x1.3mm?, ~30ps
8.3 x 10> ny/cm? and 7.5MGy

........
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<~ EfisaelN 2A422" BHERNEE
> TEERIF , FPIERIT
> BEE. (UE. BE. BE
<+ LHC3C3S F BB F ERBINSEEERS
> ATLAS : f5+KR® , Bk+2BA+PMT
» CMS : PbWOA4E{K+APD , §a+%E[X]+PMT

» LHCb : lRIK{AR+%B)X , Shashlik
» ALICE : TR +2B[X , Shashlik

ERISEEESR  o/E ~ 2%/, /E(GeV)

T —3 = 3
> S5

» BELLE. BESIII : CsIg&{+PD
» SCTF. STCF : pCsIgf+APD

mIPEMERERS SRETICRIRAER , &
EECIRERMY - =g, &5CHIE. miRlR ...

CMSSCH | i s i B R 2%

ATLASS:E b i e ik it AE 2%

LW, POWO, f RS REE, Pb+ W

| | T — ,}

- % NGCH

-

CMS-HCAL
IORERY, 4+ RN KR (72.)

Ring |

e e eesees s e

ECALFNERSPHCALE 2 B A SR

IORERY,  Bk+ BRI RAA (100)

ATLAS-HCAL-Barrel

.
ok %!]«\IM\‘

ECALFNHCAL ZR 7 £ B 5h
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< XHE : WASERREFHEEI EXEKERISZM ?
< RHER
> RFMEE - FGELEREES (RSTHIE )

og/E ~ 60%/\/E(GeV) — 30%/,/E(GeV)

> ERNERFEEEDH - WZHERSRS (CRIFIC+HANFTE)

EJET = EECAL + EHCAL Eer= Errack tE, + E;
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~+-FTF_BIC: " —
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<+ CMSinEEFEsEHMR-HGCAL
» FE : Si+W, 28= , 25X0+1.3x
» FH : Si+Fe, 12, 3.51

» BH : Sc+Fe, 112, 5.5 1

<+ KESH

» 593m2 Si , BB cER/EO0.5-1cm? , oy~ 50ps
> 68 HiEE , 21660 ™MEHR , 92000NFE-ASIC
» IHFE115kW

L L SN A vy
thf ﬁﬂ%ﬁﬁﬁﬂm

. CMS-HGCALISEE— M RIAFIarhrA
RIS RIEBEESE,

= ol |
e
bk
A
h=30

~ 700 wire bonds on a
single module!

" ;
vvvvvvv
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<+ DREAM: Dual READout Method-CERN RD52IxH
> ERSNENMRE (AERIERERLT +3BFhkD ) FISRERIFTTE ( FBXIIEHRERLTD )

Scintillating fibers
@ =1.05mm

Cherenkov fibers
@ =1.05mm

Brass capillary

ID=1.10 mm,
OD = 2.00 mm

FCC. CEPC

DREAMRR

Prof. Hyonsuk Jo (KNU)
Prof. Yongsun Kim (Sejong U.)
Prof. Jason Lee (UoS)

Prof. Sehwook Lee (KNU)

Prof. Sanghoon Lim (PNU) ;
Prof. Hwidong Yoo (YU) @ @

sty

. e 4
Full-size fasy SOWMARE
prototype Prof. Yuji Enari

(Active from 2021)

detector

e

@ Prof. Rong-Shyang Lu
‘v’ Prof. Chia Ming Kuo

@ Prof. Sarah Eno

v Prof. Chris Tully

- Prof. Richard Wigmans

gﬂiﬂg Prof. John Hauptman

FMCLET response

0.6
0

50

100

sy
+3%

150 200 250 300
Energy (GeV)

Prof. Romualdo Santoro (Insubria)
Prof. Roberto Ferrari (Pavia)
Prof. Franco Bedeschi (Pisa)

Prof. lacopo Vivarelli

! E Prof. Valery Chmill t M1 M2
4

~ M4 MO

Prof. Paolo Giacomell (Bologna)  BUCatini prototype

M5

M3

Energy resolution (%)

7t Energy (GeV)
20 100

020 0.5 0.10 0.05

-— 1/\VE

Total size: 10x10x100 cm?
Scalable design
9 modules
16 x 20 fibers
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ERREES  KRESMNSENERET—0

< (U B+AJE - YEESTEENEE (4D tracker : 6,~<10um + 6~<100ps )
» AC-LGAD, 3D hybrid, DMAPS ...
<+ geE2 18 : ERS8EEE

< (E+REEHIYE : A4ESARERS ( ERIPFARAESE)

AC-pads

. - NWELL COLL!
dielectric ,—I—\ - ELEC;}ODE i Photo Detector
AN pwal [odwel] B ﬁ;,,mwm = Crystal
n* = = AVAVAVAVA Ve
EXTRADEEP PWELL -OW DOSE N-TYPE IMPLANT  £xTRA DEEP PWELL |

»
b))
\

O einerp |
ITE \ \ AN
n o | AN \ \
Epitaxial layer — p- (0) tror (Mt @)t @)t (@)t 5t
Time of Interaction / Scintillation Light Photo DAQ
P EPITAXIAL LAYER Flight shower process propagation detector
= substrate — pt development time transit time
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flF=5l — RERIKIRNES

S RF (BF ) LERSYE

LSRR IEEXE(EA

- EFER/AIRE
> KITEEE - FENES RS

nt
) v
i o
‘ B0 particle identification
7 b-hadr on -
/ ” - . #
¥ ; _
14 1 \-, u

> AGTERERIKIRMES : DIRC (detection of internally reflected Cherenkov light)
> INEBLGIR(CRIRIERNIES - RICH ( Ring imaging Cherenkov)

(a)

B2 b T}
g

/

. Photosensitive
P n Detector

Charged Particle
",

Radiator
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% BaBar-DIRC : &5/ DIRCHRISE , £
© EAMUEERITNE , DRCHFNSENFERTERAMBED, |

< FEUEERBSHERMCP-PMT : 5761, SHIESH. LS.

AJLABRIFAIE D .

< GREEERIE—A{TRIRIHS

L= =)

uE/AE , HEEEERAS.

STCF-DTOF (#f%& )

——f—490m —)}—1

Bel le2-TOP (FEmpkiEiE)

LHCb-TORCH (%)

040 mead
: \m’

ston
Iectors /
L . .
/|| tem
“\ " vk
S — e gl
- = n \; - Quartz plate
s 1% 7\ chematia of focussing optics

Pn

Focusing block
/ 1z plate

B+ ] (5 #& B8] A %)

% BHRMCP-PMT
B KAEASIC
B 5F<100ps

¥

i &+ (8] CRITRSE] A )
% FA#RMCP-PMT
NINO+HPTDC
oror=10-15ps/track
PMT 1 H Fi ki £ ~0. 4mm

R ER—ANKITRT BRI S

Rmax=1040mm

33mm

PANDA-DIRC (ff%& )

b > "
Photon detectors CFRT e|‘1\c\|nsu|es
. NS
and electronics | \ g
~

oy
P Z
;A»":::‘ Radiator bar
5mm - ng optic
Ririn= 15mm _——Exp n volum
570mm EEREO
i B +B (8] fiL B +A 8]
% BAARMCP-PMT BERAMAFEY REX
HIAL+TDC % [HARMCP-PMT

oror= 30ps/track

B RE

Finally, detection of
internally reflected
Cerenkov light (DIRC) is
under consideration
for a high performance
DIRC (hpDIRC), and
would outperform the
DIRC at BaBar and
PANDA
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< B p M AEABSCISAAIRICH : CRID@SLD, RICH@DELPHI

+ K EeE/BERFEINEE:

LHCb—RICH1, RICH2

-1l |
i irror
4710 "
am pip
\"“’h-nau«

118
\

L
V/i\N

"/ fams “.‘, ‘ I
el | JEFIRM:HPD |
l | —1

Bel |e2—-ARICH
SFEF M : HAPD

photocathode photon

v
8kV le_
~20mm
. | <

Pixelated’APD

AEIRAILASIE (100GeV/c) ,

STCF-RICH

RICH1: Aerogel L=5cm p:2>10 GeV/c
n=1.03 (nominal at 540 nm)
C,Fiy L=85cm p:<70GeVic
n=1.0014 (nominal at 400 nm)
Upstream of LHCb Magnet
Acceptance: 25->250 mrad (vertical)
300 mrad (horizontal)
Gasvessel: 2X3X1 m?

RICH1: 10-65GeV

RICH2: CF, L=196 cm p: < 100 GeV/c
n =1.0005 (nominal at 400 nm)
Downstream of LHCb Magnet
Acceptance: 15->100 mrad (vertical)
120 mrad (horizontal)
Gas vessel : 100 m?

RICH2: 15-100GeV

* double aerogel,
n,=1.050,1.065

* d=19.8,19.9mm

* 6.=336mrad

* G6,=15.8mrad

* Ny=11.4

*  >5c0 n/K5#~4GeV
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<+ EGEERA ( SR &/ )
> REE. BRE SBEEEN
<+ KARMEBESISFRNEE (MPGD ) AR
< FhBIEREER AR
> RIESOIERIAERERS. EFreERmlE. SHREEN
<+ B HESREREERRA(<30ps)
> RSR, R, SIE

< IRIDAIBTERSCFERNEE AR
» HzS (MCP) . EfE (SiPM) . 5K (MPGD )
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<+ RIFER
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< BFIFN

> BRESIMRUBCAES | MERSINRNERTIEHA.
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