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e Tracking: Better tracking efficiency for low transverse momentum charged particles (P; < 150 MeV/c)
is requested, and it is proposed to have a 20% improvement of the tracking efficiency for low mo-
mentum charged tracks comparing with BESIII detector from the study of T — Kgmv, process.

The tracking efficiency for low-momentum charged particles as well as the efficiency of secondary
vertex fit are getting lower when the particles is produced away from the interaction point by study
JIy — AA under BESIII software framework, which is due to the track fit involving the interaction
point. We therefore propose to have an advanced track find algorithm to improve the efficiency
deviation versue production point at STCF.

A comparable momentum/position resolution as BESIII detetor is proposed at STCF though better
resolution will of course improve the selection efficiency.

Particle identification: Over 30~ K/ seperation power up to a momentum of 2 GeV/c is proposed
from the study of ete™ — KK + X. A n/u separation power of 30 up to momentum of 2 GeV/c is
proposed from the study of T — Kgnv, and v — lll (I = e, u).

Photon: The energy range for photon identification is from 25 MeV to 2 GeV with the energy
resolution of 2.5% is proposed. Besides, the position resolution at STCF is proposed to be 70% of
BESIII’s position resolution, to be about 4 mm.

Neutron: For a y/n separation, a time resolution at ECAL better than 200 ps is required. For the
reconstruction of momentum for neutron, a time resolution at ECAL better than 100 ps is required.

Kp: To identify K;, combining information at MUC and ECAL are required. Besides, the time
resolution at ECAL can also help distinguish y from K; with a proposed 200 ps time resolution.
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o WHEMZIIRMAE: R<20 cm , acceptance=20°

o HNENAZIIRMZE: 20 cm<R<85 cm, acceptance=20°
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URWELL: —Fh 3 & ffes 4 SARIENIZS

* Very compact, spark protected, simple to assemble, flexible in
shapes (rather easy to make a cylindrical detector)

Well pitch: 140 pm [
Well diameter: 70-50 pm Drift Cathode

DLC layer (0.1-0.3 pm) \
R~50-100 MQ/CI
~
Insulation Kapton I
Rigid PCB readout electrode I—>

Copper top layer (5um)

3mm
UMRWELL PCB

* |Intensive R&D underway

c : : 1400 urwellY_bias
- 1 = T 4] :
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o [ N 3 1200f
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= EMAT i c— u RWel 1ERI 25

Ry =16 cm

AL 56 em, 11 cem, 16 cm;
B R IRI BV 0. 270. 25% X/Xo;

XV i, e RSN TR 112 kHz/cm?,

uRWell foil

3 layers of cylindrical uRWell inner tracker
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Honeycomb-based Inner tracker:

e PL2 mm/Ehoneycomb NIEAH5E K4S
ST RN 25 25 M R R 1 A

o BRI DR . W HREE

« REAKJEO0.05 bar A . NFA. |

Rohacell-based Inner tracker:

o L1 mm/ERohacel 17874 A LA
TR 28 A0S 5

o FEAREIRIFUGH 7 IESHRERREE,
SEIA) L DI HR SR AT .

AP WNSEE  RIBR AMRER AP B E
Honeycomb-based  0.028%  0.009%  0.033%  0.009%  0.030%  0.105%
Rohacell-based ~ 0.028%  0.009%  0.010%  0.008%  0.029%  0.084%
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o HHEX:V-stripfR#400 umEH,
EEEBEFRIRF RS V-strip 45

. 2fZEHAX : V-stripEIHAS00 pm,
EEBFREF &S V-strip 45

. AEREHEARX : V-stripEIEA1600 pm,

ESBFREERSEV-stip 3% ,_,

60 mm
Z>=118 mm Z,=8.4 mm
Detector Inner-uRWell1 Inner-uRWell2 Inner-uRWell3
Channels ~2100 ~3800 =5550
Occupancy 3.7% 1.5% 0.71%
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WL =

- 48], H8NEE, FEEZE

« A JYHe/C3Hg(60/40)

o (552 520umAl+0.5umAu, 37225100umW+0.5umAg

M= LB (R,mm) HHEEZH W f(mrad) SEBIGE BRI (mm)

A 200.0 6 0 128 9.8~12.5
U 271.6 6 39.3~47.6 160 10.7~12.9
V 342.2 6 -41.2~-48.4 192 11.2~13.2
A 419.2 6 0 224 11.7~13.5
U 499.8 6 50.0~56.4 256 12.3~13.8
V 578.1 6 -51.3~-57.2 288 12.6~14.0
A 662.0 6 0 320 13.0~14.3
A 744.0 6 0 352 13.3~14.5
ST 200~827.3 48 11520
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e 1/K separation up to 2 GeV.
— Cherenkov-based technology is favorable.
— Very low p region (<~0.6GeV) is covered by trackers
through dE/dx measurement

* Compact (<20cm) and low mass (<0.5X,)

Energy 5GeV 6GeV 1GeV

02

NN,  158%  166%  16.7%

015 |-
5 ——5GeV
—— 6GeV
LT 1GeV

0.1

0.05 |

0
(] 0.5 1 1.5 2 2.5 3 3.5

Collins & | & & K & 31 En/KH#
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* RICH

— Very powerful over a wide range of momentum

— Reconstruction straightforward

— Additional space for Cherenkov cone expansion: less compact
— A large number of readout channels : cost, cooling ...

* DIRC-like: iTOP, FTOF, DIRC ...
— Very compact, operation convenient
— Reconstruction complicated
— Quartz manufacturing and processing very challenging

ALICE HMPID iTOP for BELLE2 FTOF for superB

charged particle

51 mi 408 mm

15 mm |
! 400 mm |
e [ I
> Ehspige sl g
photc -f N Separator DD
Mirror
\ MCP-PMT
el e Front end
Side view of crystal E| E electronics
charged paricie o g Quartz radiat
K ®| @
— 6(: Chexenkoangie Aluminum frame
crystal / / Quartz pyramid
$ ‘”i:; . N, circulation 3"""
- oﬁ"‘"&, P 2 ~a A
(?‘ -— =l Absorber
L
30 mm LED or laser 235 mm




RICH 5 Z&

* Proximity focusing RICH with
Csl-coated MPGD readout

— avoid photon feedback
— less ion backflow to Csl
— Fast response, high rate
capacity
— Radiation hard
* Proximity gap ~10cm
* Radiator: liquid CgzF44, N~1.3

o CsIBFR#M: 29Ik EFa
BN (AR EAGRR)




PID efficiency map for p identified as p PID efficiency map for k identified as k
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PID seperation

* The K/p ability can {na— T |
reach to 5.7 GeV/c with 1o e
30 separation. b g — e

* Tm/Kgoesupto3.5 shoed — Kp....
GeV/c. Fulfill the s | BTN
requirements of STCF. 1 4 R

e The low momentum T alodoseeVe B S S 39__]
/W separation is also o N §
possible. I \




B A il . W22 MIMicromegas

e DMM: Double-mesh Mircromegas detector, which is
being developed at USTC
— High gain and very low ion backflow

— Very suitable for single photon detection (with a proper
photon-electron converter)

— An promising photon detector option for STCF-RICH
IBF ~ 0.03% Gain ~ 3x106

189 X104
\ —— PA650-240 1 m-Ang1e0-LPI500 ——————t
16 —9— PA550-240 1 m-Angle0-LPI500 vd = 5V, V, = 600V
5AY4 quar(’_z 2 —®— PAG50-240 1 m-Angled5-LP1500 = 5.0 keV X-ray
£ —&— PA320-160 1 m-Angle45-LP1500 = UV laser, single-photoelectron
= 14 4 —8— PA550-240 1 mAngle45-LP1500
~ —w— PA370-160 p m~Angle45-1LP1500 108 |
= 19 —@— PA650-240 1 mAngled5-1P1640
e —_ ~p— PA550-240 1 m-Angled5-1P1640
352 I,: = -
L Z10- 3
: = < P
o 84 10°F /
.5 ;
= //
& -
4 10 \ L . \ | \ L . \ |
280 300 320 340 360 380 400 420 440 460 480 500
2 Voltage (V)

T T T T T T T
0 5000 10000 15000 20000 25000 30000
Gain ( Ianode/] prim)
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DIRCA =

Advent of high performance silicon photon
First DIRC at a HEP experiment sensors (magnetic field resistant, high-gain,
(Babar) fine granularity, compact, high time resolution)
* PMT + Base makes a compact DIRC possible

a Focusing
Purified Water 4
ELEVATION Mirror
17.25 mm Thickness 5 Light :
(35.00 mm Width) 7 Catcher \ Cone Pixelated
C Bar B 7 Projection Photo Detector
Track ar.20K 97 N
Trajectory s \ -
\{ y PMT Surface /\ ’ Yy
Mirror ‘\\ | z 3

I’Bar # e~ | el

) M Window /- Standoff Box

71
L 4.90m ——| r91 = P 117 m
A focused DIRC concept

Synthetic Fused Silica
Bars glued end-to-end

Panda DIRCs ( barrel and endcaps)
' 1/

Photon detectors CFRP enclosures

bar

and electronics
100cm

=
o

N Radiator bar

NS .V
',14%74—«" Focusing optics
__~ — Expansion volume

ROM (side view) quadrant (top view)
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DIRC K1THI|E)#ENI=s : FTOF

* DIRC-like forward TOF detector (FTOF: quartz + MCP-
PMT ) was developed at LAL for the SuperB factory
project.

— No Cherenkov angle reconstruction, simple and no need
for space for optical expansion - very compact!

* Flight length to STCF endcaps ~ 1.4 m, making FTOF a
feasible PID detector option for STCF endcaps.

— A time resolution of ~40 ps is required for pi/K separation
to reach 2GeV.

From SuperB R&D
~ 80ps per PE
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38mm

Rmin=510mm

DIRC Timing
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x sample - & hypothesis

1 T sample - K hypothesis
1 | 555 K sample - K hypothesis
] = K sample - & hypothesis
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* RICH in Barrel + FTOF in Endcaps

Issues to be clarified:

» Size of dead area between detector sectors (particularly in
the case of RICH)

« RICH performance degradation at large incident angles

« Timing uncertainty due to longitudinal beam size

2
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TS ARA KRS KT HANERE 20 MeV -2 GeV)
R L EEE Y EX TSRV

© JLIf, 4’i;%’ii)”'l Fa bt BN FLR T E, FREE LT R
Bt 7L % X 7 77 @ 69 & oK

N

g & 4500
4000 £ Loools
§3500 -1.4-1.6GeV y T 3500 Y,
3000+ 3000 -
:2500;— 25002—
"2’2000;— 2000F-
1500 1500 F-
“1000F 1000 -
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080.08 0.1 0.110.120.13 0.140.15 0.16 b (GeVic)
m,(GeVic?) Difference in TOF of n and y
Invariant mass of high energy n° Precise ECAL timing is very useful in
VS. y position resolution suppressing y background and measuring
TOF of neutrons to infer their momenta.
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Crystal Pure Csl | LYSO | GSO | YAP | PWO BGO | Csl (TI)
Density (g/cm?) 4.51 7.40 | 6.71 | 537 |8.30 7.13 | 4.51
Melting Point (°C) 621 2050 | 1950 | 1872 | 1123 1050 | 621
Radiation Length (cm) | 1.86 1.14 | 138 | 2.7 0.89 1.12 | 1.86
Moliere Radius (cm) 3.57 2.07 | 2.23 | 4.50 | 2.00 2.23 | 3.57
Refractive index 1.95 1.82 | 185 | 195 |2.20 1.82 | 1.95
Hygroscopicity Slight No No No No No Slight
Luminescence (nm) 310 402 | 430 |370 |425 480 | 550
420
Decay time (ns) 30 40 60 30 30 300 |1220
6 10
Light yield (%) 3.6 85 20 65 0.3 20 165
1.1 0.1
Dose rate dependent | No No TBA | TBA | Yes Yes | No
d(LY)/dT (%/°C) -1.4 -0.2 |-0.4 |TBA |-2.5 -1.0 (04
Experiment KTeV CMS L3 BESIII
Mu2e ALICE BELLE(II)
PANDA BaBar

STCF-EMCi% ] 25 CsI(pCsl) &4 4Kk
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Hit Energy Ratio with X_0
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am (A 81

* Barrel includes 4200 pCsl crystals arranged in 35
rings (along Z) of 120 crystals each.

* Endcap is composed of 1256 pCsl crystals.
e ~15X,




1. RMEH % (RFRELZNA)
2. FIANRETFHE
3. I NG AR T k EIE 4
4. I NAPD S R 7 .42 F 49 v B2
5. ...

__
-- Hak JEH kTR 1551 (100 pe/MeV)

0.85% 0.96% 1.58% 1.30% 1.14% 1.07% 1.02%  1.12%
i 1.05% 1.25% 1.62% 1.37% 1.22% 1.21% 1.37%  1.48%

1 GeV X F
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EnergyDep(5*5)

Eyep(GeV)
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Counts
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* 5X 5 matrix
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MCP-PMT Development
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7 layers of plastic scintillators - 2400 mm 1100 mm
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Unit: mm End caps Barrel yoke
i I*l 2910
e
(|
1880 1890
1490 X 1550
Cryostatvolumetank Solenoid ﬁgg
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600
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| \
3350 2400 1900 Tracklngvolume 2000 2380
el IR S (M AZh) + 480+ 40+ 40+ 40+ 45. 45. 60. 60 60. 80. 80. 150;
435 (A4 © 40 404 45, 45. 60. 60. 60+ 80 80+ 150;

SR 40mme.

Cryostat
Inner radius
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Length
Coil
Mean radius
Length
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Central field
Nominal current
Inductance
Stored energy

Cold mass
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Cool down time from
room temperature
Quench recovery time
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