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= Multi-gap Resistive Plate Chamber (MRPC)

= |n physics experiments, MRPC is used in the Time-of-Flight(ToF) system
as a timing detector

= |n Solenoidal Large Intensity Device ™ -+ HV/
(SoLID) experiment:
= pi/k separation up to 7GeV/c ——-HV

= Time resolution ~ 20ps

Fast .
m: amplifier Fulse samping

= Challenge for both MRPC and electronics.
= Electronics: Fast amplifier + pulse sampling
= New analysis method: take the advantage of the entire waveform
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= The analysis method is based on the neural network.

= Artificial neural network(NN): powerful && widely used in high energy
physics
= Introduce NN to obtain good time resolution:
— — Find out the patterns from the MRPC signal and estimate the
particle 1st interaction time more precisely.

MRPC Simulation: 1x6 gaps, E = 107 kV/cm

Learn from the
simulation waveforms

Amplitude
@
o

_
(o]
o

T T

—
N
o

120

Test with 100

1 simulation data soi
Test with 402

2 . 20l
experiment data I

| 1 | | 1 | Ll 11| 11| Ll
0.2 04 0.6 0.8 1 1.2 1.4
Time / ns

Fuyue Wang Hadron Physics July 26-30, 2018



%42 Analysis method

Tsinghua University

= The analysis method is based on the neural network.

= Artificial neural network(NN): powerful && widely used in high energy
physics

= Introduce NN to obtain good time resolution:

— — Find out the patterns from the MRPC signal and estimate the
particle 1st interaction time more precisely.

jon: 1x6 gaps, E = 107 kV/cm

Learn from the
simulation wavefor

Test wit
1 simulation data
Test with
2 . /
experiment data
| | | | | | |

| 1 | 1 | 1 | Ll 11| 11| 11|
0.2 04 0.6 0.8 1 1.2 14
Time / ns

Fuyue Wang Hadron Physics July 26-30, 2018



Tsinghua University

W, é : .
EZY Waveform simulation

Design the structure

I

Shoot a particle |-

I

Primary interactions |

I

-
-
-
-
-
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= MRPC structure

. 6-gas MRPC

“._ Gaplglass thickness: 0.25/0.7 mm
\\Gas: 90% C2H2F4, 5% C4H10 and 5% SFe

\
e — ¢

Drifting & Avalanche

I

-\T. -HV
Cosmic muons: ~ 4GeV

Original current signal

= Avalanche through drifting

|

Electronics

dn o : Townsend coefficient

de (= n)n n : Attachment coefficient

*F. Wang, et al., A standalone simulation framework of the mrpc detector read out in waveforms, arXiv:1805.02387.
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(EES Waveform simulation

Design the structure

I

Shoot a particle

I

Primary interactions

I

Drifting & Avalanche

I

Original current signal

I

Electronics

P(n,x): Prob(one electron X en electrons)

Pn,z+dz)=P(n—1,z)(n — 1)adz(l — (n—1))ndz
+ P(n,z)(1 — nadz)(1 — nndx)
+ P(n,z)nadrnndz
+Pn+1,2)(1 — (n+ 1adz)(n+ 1)ndx
Divide the gap into ~500 steps, and
simulate the multiplication in every step
Finally, avalanche growth like: ela—mz
Space charge effect: ~106 electrons

Induced current:

i(t) = E‘V/VW Yo N (1)

Front-end electronics + noise

*F. Wang, et al., A standalone simulation framework of the mrpc detector read out in waveforms, arXiv:1805.02387.
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Simulation dataset :

1. to: first interaction happens

Source 2. tp: the signal reach the peak
® >
bref 3. 7 uniformly distributed points along the
leading edge
Signal 4 :
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= Multilayer perceptron (MLP)

Fi(&) = h(Y_(wig(-g()_(wirg(D_(@Rm +XR)-— + x5) + x7)

J k

Output Input
Input Hidden layers Output o _
= Activation function: g and h —— tanh
- Welghts wO,l...’ XO,l...

= “Dropout”: avoid overfitting

-------- o «——| The length of the leading edge {;

Time of the very first interaction: to =1, — 1

= Train/validate/test set: 20/10/10 k
Several uniformly distributed = Tensorflow & GPU: GTX 1080 Ti
points along the leading edge = ~ 10 mins for training
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= Recurrent neural networks(RNN): Long Short Term Memory network(LSTM)

O1 02 O3 e On <«——| The length of the leading edge t;
: .T .T .T .T Several uniformly distributed
I1 I2 I3 llllll In b . .
points along the leading edge

f : forget gate: Whether to erase

O—O , .
5 .
> ) (%m | : Input gate, whether to write
" a ﬁ_ g: gate gate, How much to write
uni
|

0: output gate, How much to reveal

= Train/validate/test set: 20/10/10 k
=  Tensorflow & GPU: GTX 1080 Ti

> 30 mins for training
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= Define bias: Testimate — Utruth

Accuracy

MRPC Simulation: 1x6 gaps, 0.25um
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= Accuracy is good and stable
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f%%% Results of simulation

Precision
MRPC Simulation: 1x6 gaps, 0.25um
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Streamer may happen

= The best time resolution can reach around 20 ps.
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= Experiment of the cosmic ray
= 2 identical MRPC: 6-gap, 0.25mm gap, working at E=109 kV/cm

N wweci N

TUFEET—  mRP2  —[IFEE

trigger
Oscilloscope 99 1™

= Oscilloscope bandwidth: 1 GHz Leading edge: 700~800 ps

= Sampling rate: 10 GS/s 7-8 points along the edge
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= Compare the waveform

1L 1R MRPC Experiment: 1x6 gaps, 250 um, 109 kV/cm
- E > B
: E 3s[
r oor|— [ B
: S
i~ ol = 50— Simulation Waveform
| g - 5: - —— Experiment Waveform
00000 g vk 25|~
2L 2R 20
0.0063— E 1 5 :_
foe|- goos - 1 O :_
00000 g 5
of 6
Waveforms of 1 event Point ID

Nearly the same!

Still with differences!
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= The 4 waveforms are estimated by the LSTM models separately

= Define: At =tyrprci — tumrPC2
for vertical particles

d d
Aty — MRPCU‘|' block _ 130 s

= The time resolution of two MRPCs
are independent:
. _ o(At)
MRPC — \/§

= With LSTM model, for vertical
particles, the time resolution is:

51.28/v/2 = 36.3 ps

Entries

250

200
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50

RPC Experiment: 1x6 gaps, 250 um, 109 kV/cm
timeresidual
Entries 6092
Mean 0.129
Std Dev 0.0535
x2 I ndf 190.8 / 54
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Mean 0.1288 + 0.0007
Sigma O.M

IIII|IIII|IIII|IIII|IIII|IIII|§
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442 Experiment result

1. Much better than the typical time resolution of the 0.25 mm MRPC

2. Better than the state-of-the-art analysis method (Time over threshold
(ToT) + slewing correction)

MRPC Experiment: Before slew MRPC Experiment: Before slew M R PC E Xpe I‘I me nt . A fte rS /eW
B Channel(0) 30 B - Channel(0) 0 » ’ -
502 - o 3 L I o time(1)
o - S . =
g L= Meany —ooooizss | s 8 = 500 Eentries 6092
£ 01 Std Dev x 5.641 £ T
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Ef . 0z
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15 2
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= A new time reconstruction method based on the neural network is
proposed.

= Two sets of the networks(MLP and LSTM) are analyzed with the
simulation data — — LSTM works better than MLP.

= The network models are also used in the experiment data, and the time
resolution of 36 ps is achieved with 0.25mm thick MRPC.

= Better than the typical time resolution
= Better than the state-of-the-art analysis method
= Further studies on the thin gap MRPC is under consideration
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= EMstandard: is most commonly used in LHC simulation,
= However, does not include shell electron effect —— only excellent for
thick sensors.

= Photo Absorption lonization (PAl) model: based on a corrected table of
photo-absorption cross section coefficients and works for various

elements' . PAI Thickness= 1 * 0.25 mm
= PAl: The simulated energy ; r
L = — EmStandard
loss is in good agreement  “asw ol
with the experiment data for Plsergy
. * 2000 Entries
moderately thin sensors”. Mean 1695
1500
1000
500_
o(;l - I10 20 30 40 50 60 l 70 80 ;0 r_~1_00

# electrons /mm

Fuyds \Wasd: Harticle lidefification by Energyioss, Ann Bev
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= Primary energy loss — — ionize electron-ion pairs. W = 30 eV
= Avalanche multiplication —— Townsend effect:
Assumptions:

1. Every step of the multiplication is independent
2. Uniform electric field

E‘ i A
_ %OO_ -« Townsend f*"
dn = I Attachment .x“
— = (a—n)n g0
dz £ [ - Effective Townsend ya
8 -
L] . -ééoo— ‘
< : Townsend coefficient g T ,f‘f
7] : Attachment coefficient ! o
1001 e
L From Magboltz
0_| i i et S0 S LT E TN PYVEN PPTOPPII PTET ST

80 100 120 140 160 180 200
Electric Field [kV/cm]
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Multiplication in a small step:
P(n,x): Prob(one electron 2 n electrons)
Pn,x+dx) =P(n—1,z)(n — )adz(l — (n—1))ndx
+ P(n,z)(1 — nadx)(1 — nnpdz)
+ P(n,z)nadxnndx
+Pn+1,2)(1 — (n+ 1adx)(n+ 1)nde
Divide the gap into ~300 steps, and simulate the multiplication in every step
Generate a random number according to P(n,x)*:

- U

—1 _

0, s<kiio "=

n 1 () —k)(1— ()1 N
1 + Trunc| - )ln((”ﬁ.j?x)(l)f gD, s> ki s: uniform random
A(x)—k number from (0,1)

Finally, avalanche growth like: ela—mz
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= Electrons drifting in the electric field: induce a signal on the read out strips

= Ramo theory:
y MRPC Simulation: 104 um MRPC, HV@6 kV, Original Signal

EW -V EO'S_

i(t) = eoN (1) £ | Space charge effect
Vw g |

o
= Weighting field: i
ighting fi ol
EW o £ i
Viv  nge+ (n+1)d ]
0.71 mm-1 0.2__ Exponential growth
= Space charge effect: I
~106 electrons i
I I | .

| 1 | 1 | L L1 1 i 1 L L
2.2 4.25 4.3 4.35 4.4 4.45 4.5
Time /ns
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= Include the Front-end electronics response by convolving the original
current with a simplified FEE response function:

f(t) = Ale™/™ —e7t/T)

= 771 :corresponds to the length
of the leading edge

= T9:corresponds to the length 100}
of the trailing edge [

= Noise is introduced by adding a
random number sampled from
Gauss(0, 0) to every time bin

= The signal without noise

MRPC Simulation: 104 um MRPC, HV@6 kV, Read out Signal

—_
(&)
o

unit

Arbitrary

50

Time /ns
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=  Assumption:
— — the electrons cluster grows like a circle in the transverse direction

= transverse diffusion length: ~100 umA/em at E = 100kV/cm

= |n the surface, 106 electrons:
Ne()

E = =50kV/em = 1607
Arregr? / § I i-C,H,, 100
E 140 - - . —s=— frans
. . . 3 - e om N -
= Comparable to the applied electric field = .~ ¢ ™4 long
L2120 7 \
g iy
€ [
0 100 ~

60 [-
40 C,F,H,/i-C,H, /SF, 85/5/10
i —e—trans  ---e--long
20 i 1 11 11 | 1 1 1 1 | I | | 1
10 10°

Electric Field [kV/cm]
*C. Lippmann, Detector physics of resistive plate chambers, Ph.D. thesis, Frankfurt U. (2003).
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simulation result

= 2*4 gaps, 0.25 mm

MRPC simulation: thre=20 MRPC simulation: thre=20, 0% SF6

> 300 o > 300 o
Q - — Qo Q - - o
& 1 4z 8 1 =
— B (- — i
T 1 2 & [ 1 2
_ —250 5 i —250 5
- ) — ]
0.8 . o 0.8— . o
i 1 B B 1 £
I — Simulation: efficiency 500 i= I — Simulation: efficiency |50 =
0.6 « Experiment: efficiency - 0.6 « Experiment: efficiency -
B - - Simulation: resolution - -- Simulation: resolution |
i = Experiment: resolution _| i = Experiment: resolution _|
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L e i Tem. - ]
™ ™ _| I £ ]
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= Since both of the MRPCs are read out at double end — — 4 waveforms
for every signal: 1L, 1R, 2L, 2R.

=  The estimate time t.s:1,2 of each MRPC is the average of the left and right

= To eliminate the influence of the trigger, we calculate the difference of the
two MRPC time:

At = testa — Testt
= The difference of the 2 MRPC'’s truth time is a constant:

0(At) = o (testo| = tiruez + teruel|— test1) = 0(trest — tres2)
= Then:

0(At) = 0(trest — tresz) = /02 (tresi1) + 02 (tresiz) = \/2012\431:0
= Therefore:

o(At)
OMRPC =
V2
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M%%%  Previous method

= Read out with time-over-threshold(ToT) + slewing correction

MRPC Simulation: Efficiency MRPC Simulation: Time Resolution
z [ 7T [
8 1 = 1401
S Q B
o or 5 -
- 3 1201
0.8— g -
- e
- -e-slew correction = 1001 -e-slew correction
0.6/~ -=-fully connected Q - -=fully connected
i -+ Istm o 80 -+ Istm
i 60—
0.2 i
- 40—
O_— 20__
\\l\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\l\ _\\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\I\
85 90 95 100 105 110 115 85 90 95 100 105 110 115
Electric Field [kV/cm] Electric Field [kV/cm]
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Gas Gap Width 250 um (fishing line)
Number of Gas Gaps 1 stack x 6 layers =6
Float Glass Thickness 700 um

Readout strip 7 mm x 270mm(3 mm
internal)

Readout differential, both ends

honey 6mm

PCB 0.8mm

mylar 0.25mm
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