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Introduction of STCF MUD ¥RBZLA %G

University of Science and Technology of China

« Super Tau-Charm Facility (STCF)
« Electron-positron collider
« Center of mass energy: 2-7 GeV
« Peak luminosity: > 0.5x103> cm—2s-1 @4GeV
« Challenge for spectrometer

¢ Muon detector (MUD)

+ Located in the outermost of the spectrometer
« Covering a range close to the full space

(94%x4m)
+ Requirements of MUD e e Caosvts
« W/midentification: eff,_., > 95% @ 1-2 GeV with N
Tt suppression power over 30 (eff,_,<1/30) s |
« Neutral hadrons (n, K|) identification: MUD e 5
provides a certain identification capability for wsen—s - il
neutral hadrons B / 2 o
mbC g e pCsl +

i

wd ovt
w091
wd 06T 3
wd vz
wd /e
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FRBELLXS

University of Science and Technology of China

Design of MUD

« The typical structure of MUD is multiple layers of sensitive detectors and iron yokes
« Iron yokes: absorb the energy of particles, and provide a magnetic circuit for superconducting magnet

« Sensitive detectors: resistive plate chamber (RPC) and plastic scintillator are commonly used in muon detector of

collision experiments

 Characteristics of two sensitive detectors
« RPC: not affected by background noise, not sensitive to neutral hadrons
« Plastic scintillator: sensitive to neutral hadrons, more affected by background noise
« Consider the advantages of two detectors, a hybrid design of 3 RPCs and 7 plastic scintillators is proposed in STCF CDR

7 layers of (b)
plastic scintillators 2400 mm 1100 mm Aluminum box
—— T ‘ -
Syt ——=——©=— Neutron ',;‘__3

7~ Y ———
Bakelite-RPC shielding RPC detector e
gl W S
L ‘Et"v gga Graphite coated
,,,,,,,,,,,,,,, PR I Cap Graphite > ?
™~ Yoke
component

Plastic Scintillator

Schematic of MUD design in CDR
Yulin Liu, USTC
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Issues in CDR design C))FEAZLLX g

University of Science and Technology of China

» Low efficiency in 400-1000 MeV To solve those issues, a MUD software
« Optimize layer number and thickness of iron yokes based on OSCAR is developed

- Detector details "
« Detector choice, efficiency, strip width

« Mechanical design | |
+ Influence of dead area ——1—

Common services
Generator
DD4hep geometry

Mixing of signals
and backgrounds

MDC track
extrapolation
Information
of ECAL

Reconstruction of
charged particle tracks

Feature variables

BDT training extraction

Reconstruction of
neutral particle clusters

External Library/Tools | | \ E
AN bl N p—— '
Theta | ) e e | Weights/Data identeation MUD software
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Yulin Liu, USTC 7



Reconstruction algorithm

FRBELLXS

University of Science and Technology of China

« Distinguish track/cluster

« Use MDC extrapolation as the track seed, for
charged particles reconstruction

« Match ECAL shower to extrapolation track. If
not matched, use it as the cluster seed, for
neutral particles reconstruction

« Track/cluster reconstruction

« Track: calculate the angle of each hit and the
extrapolation track. Associate hits smaller than
the angle window

« Cluster: line each hit and IP, calculate the angle
between the line and ECAL shower. Associate
hits smaller than the angle window (30°)

« Extract information
« Depth, MaxHitInLayer, etc.

./
.-
+-1®

——

1

Cluster \

« N

MDC

Schematic of track/cluster
reconstruction

Yulin Liu, USTC

|TrackMom
|TrackTheta
|TrackPhi
|TrackMudDeltaTheta
|TrackMudDeltaPhi
{lronincidentDepth
|GlassIncidentDepth
|PsIncidentDepth
|MaxHitLayer
|MaxHit
|BarrellastLayer
|EndcaplastLayer
|TotalLayer
|HitEntries
|RpcHitEntries
|PsHitEntries
|HitsPerLayer
|Linearity
|Anisotropy

|Flatness

|BarrelLayerMean
|BarrelLayerSigma
|Endcaplayeriean
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|HitTimeMean
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|EcalEnergy
|EcalSeedEnergy
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Identify parameters



Identification algorithm ) FRA2ZLL XS
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« The identification of MUD uses multivariate analysis (MVA) method, such as Likelihood, BDT, MLP

« BDT (Boosting Decision Tree) is a statistical learning method
« Basic classifier is Decision Tree

 An initial basic classifier is trained, and the sample distribution is adjusted when the new classifier is subsequently trained,
so that the previously incorrectly classified samples receive greater attention. Finally, all classifiers are weighted and
combined to output results

« When calculating the signal efficiency, we need to specify the rejection rate to the background, corresponding to a BDT
cut. When the BDT output is greater than this value, it is considered a signal, otherwise it is the background

TMVA overtraning check for classifier; BDT

o Structural property Dataset 7 Iu Signal (test sample) + | Signal {lraining sample)
oen . = e " AN B.ackgrm?m:l (les.l samplf] +. Eackgliounﬂ @anung %ample]'
Kialmogdray-Semirhow est: Signal (batkground] probabiliy. 0.37 (0.564)
- 086 Tree 1 l Tree N +
] 5] !
g "
£ 094 / \ / \ pion
sy 0 % 4N, eessse E | i
£ 4 | = £
2 "7 [ MvA method: + ... + 2 g
2 ——BDT 5 3 .
2ol | = /\ I\ /\ I\ 2 .
@ —— Likelihood = =
osn | - 2 £ BDT cut
0.86 / \ l N &
s b 5
— (] FAANARAY =
Signal efficiency Output B il N 4 2
o N NN i (5T
-10 08 06 -04 02 0o 0.2 0.4 0.6 0.8
BDT response
Comparison of three .
Structure of BDT Distribution of BDT output

MVA methods

Yulin Liu, USTC 9



Iron yoke thickness optimization ¥RHBELELELE
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« From the principle of p/m identification, the first few layers should be thin and the total
thickness should be thick enough.

« The design parameters such as number of layers and iron yoke thickness have been scanned

« A new MUD design is proposed. It uses 15 detectors and 14 layers of iron yokes. The
thicknesses of iron yokes is 2, 2, 2, 2, 2,25, 3, 3,3.5,4,4,5,6, 10cm

1

Efficiency AR

09

Efficiency

" CDR design

08

2cm thickness —

07

\

6cm thickness | .
Optimized design

06
05

04 !
400 500 600 700 800 900 1000 1100 1200 1300 1400

1100 1200 1300 1400
== ron_2cm_20Det === Iron_2.5cm_20Det Iron_3cm_20Det Iron_3.5cm_20Det ( ) - -
Loem. 2006t Momentu m M eV ——FullRPC_15Det ——— myBranch_Origin_usedigif& {4 % mvBranchMWﬂtﬁﬁ%ﬁ%ﬂ eV)

e [1ON_4CM_20Det === [ron_6CmM_20Det == [ron_8cm_20Det s Ir

400 500 600 700 800 900 1000

Efficiency of CDR design and optimized design

Efficiency of different iron yoke thickness (2cm~10cm)
Yulin Liu, USTC 10



Strip width and detector choice

FRBELLXS
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The efficiency with different strip width

« The efficiency is sensitive to strip width in the low momentum range, but insensitive in the high momentum range

« The detectors of last several layer may use wider strips

The efficiency comparison of full RPCs and full scintillators
« Consider the influence of background noise, a hybrid design of 5 RPCs and 10 plastic scintillators is proposed

1 Efficiency

0.9

2cm strip width ™=

0.8

10cm strip width

0.7
0.6
0.5

04
400 500 600 700 800 900 1000 1100 1200 1300 1400

——FullRPC_15Det_StripWidth20 ——FullRPC_15Det_StripWidth40 FullRPC_15Det_StripWidth60

Momentum (MeV)

FullRPC_15Det_StripWidth80 ——FullRPC_15Det_StripWidth100

Efficiency of different strip width (20mm~100mm)
Yulin Liu, USTC

' Efficiency
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Full scintillators
ERLTD W”"”\ o (with and without

A \”\ background)

e vas
PY- s V
. \
/

/ Full RPCs (with and without background)

400 500 600 700 800 900 1000 1100 1200 1300 1400

———(07Geo_15Det_FullPS
07Geo_15Det_FullPS_nobkg

= 07Geo_15Det_FullRPC

O7Geo_15Det_FuIIRPC_nObkM om entu m ( M eV)

Compare of full RPCs and full scintillators
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Detector efficiency and dead area FEAZLEL %

University of Science and Technology of China

« The detector efficiency and dead area may cause hit lost in the last layer of muon tracks,
which is important in mu/pi identification

« The requirements of higher detector efficiency and lower dead area are proposed, for
example the double-gap RPC

100% detector efficiency Detector without dead area
| e ' Efficienc lgﬁm
Efficiency ¢ / ‘ ‘ 1 y
09 :“ | ) .
[ .\ \ .
i,z.:zl\:\ [ 08
95% detector efficiency A\ ‘ __ .
e ‘ Ay Detector with dead area
X !
l:s\‘ I
. ¥ I
N I
[0 §
TEEN
SEE
550
b !ﬁ "“ 400 500 600 700 800 900 Hmic- 0 1200 1300 1400
400 500 600 700 800 900 1000 1100 1200 1300 1400 o 15Det_FullRPC_NoAlShell RF‘CIUD";;E 1 meﬂtum Mev
——06Geo_FullRPC_15DetFEOGIER T —(6Ge0 hIIRFMle;E'ntuum (MeV) ‘ ‘ ‘ ——Faull t ( ) |
Compare of 100% and 95% detector efficiency Dead area of MUD barrel Compare of detector with

and without dead area

Yulin Liu, USTC 12
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Results of identification ) ¥RAZLLX g
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Theta
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 Scan the identify efficiency of p/m 80
« Detector: 5 RPCs and 10 scintillators
« Theta: 20°~90° 70
« Momentum: 400~2500 MeV

« The detector efficiency and dead area are
considered

« ldentify efficiency > 95% @ mom >1000MeV
- Efficiency raises in low momentum range 40
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50

0.5

0.4
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With background
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Summary and Plans FEHZLLX S

University of Science and Technology of China

« Summary
« The MUD software is developed and used to optimize the MUD design
« The iron yoke layer number and thickness are scanned, and a new design with 5 RPCs and 10 scintillators is proposed
« The different strip width are simulated and the wider strips in last several layers are suggested
« The influence of detector efficiency and dead area is evaluated, with the requirements for hardware are suggested
« The efficiency of new MUD design is simulated, with efficiency rises in low energy region

« Plans
« Optimize the reconstruction algorithm of neutral particles
« Develop the algorithm for physical analysis

Thanks!

Yulin Liu, USTC 16
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Principle of MUD Q) ¥R AZLL XS

University of Science and Technology of China

800

. ot T
: ) :%21: :; — 5 Tracker  Ecal Hcal
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Simulation and digitization

FRBELLXS
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Simulation of MUD

« Simulation based on Geant4

« When particles incident the sensitive area of
RPC/scintillator, record every steps in sensitive area

« If the incident particle generates some secondary
particles, relate each step to the primary step of
Incident particle

. D|g|t|zat|on of RPC

Convert hits in chamber to the signals of readout
strips using digitization parameters

« Add the errors of electronics response
« Parameters are simulated using Garfield

« Digitization of scintillator
« Consider all the steps in scintillator as a set
« Convert the sets to signals of SiPM using parameters
« Add simulation of the waveform of electronics

« The parameters and waveform are simulated using
standalone geant4 and verified by experiments

Avalanche Charged ; . Incident
econdar .
\ article ondary rticle
particles
, — Chamber | &/ |— Scintillator

/S

Simulation of RPC Simulation of scintillators

t40mean

8 5 8 8
aata

RPC
parameters

8 o
v |

Scintillator
parameters

Yulin Liu, USTC 19



Reconstruction algorithm ¥EBZ2LEL XS
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« Reconstruct hits

« The RPC uses double-end readout and plastic scintillator uses
v intersection readout

[ Distinguish track/cluster ] « Associate the digitization data using time windows and reconstruct

/\ the hits

Track Cluster
reconstruction reconstruction
\ 4

[ Extract track } [ Extract cluster } Z | *j

information information

~. /

[ Identify particles ] t2

[ Reconstruct hits ]

Schematic of double-end readout of RPC,

Process of reconstruction . . T
and intersection readout of scintillator

Yulin Liu, USTC 20



Self-reconstruction algorithm

University of Science and Technology of China

« About 40% of neutral hadrons have no energy deposition in ECAL, requires MUD to have
self-reconstruction ability

« An algorithm based on hierarchical cluster has been proposed, and the results should be evaluated. It' s still in

progress
phi
350
2 Hierarchical Clustering Dendrogram 300f- o
7 5 [m]
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Physical requirements Y FEBZELX G
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Sub-area training
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« From the principle of p/m identification, the first few layers should be thin and the total thickness
should be thick enough

« A new geometry with 19 layers of yoke of the same thickness and 20 RPCs is created
« The muon identification efficiency versus particles momentum is drawn, with different iron layer
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