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Sighal and Backgrounds for uN—eN

Signal : Single mono-energetic electron
m, . Muon mass, 105.7 MeV/c2

E.,=m, —B, —FE

He # H ree B, : Binding energy in the Tst orbit  ~ Z°a’m,/2
For Al - — 105.0 MeV E,.. : Nuclear-recoil energy  ~ (m, — B,)*/(2my)
(B, = 0.48 MeV, E.. =0.22MeV)
Backgrounds
* Intrinsic physics background : Muon decay-in-orbit (DIO) E,
- u+NAZ)— e +0,+y, +NA,Z)
- High energy tall S
by the nuclear-recoil effect :
S |d 02y
. . 5 _ f A
- Drop In proportional to (E,, - E,) | m_m,
¢ Beam-related background | |

¢ Cosmic-ray induced background
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smmmmmdll X-ray monitor system
4l Cosmic-ray veto sytem

Receiver

- Busy from RECBE

CDC FCT Interface
Fanln/Out

<

B <

RECBE R

X7
<—>II COTTRI BN
CDC FE

x 10

COTTRI
MB

<

X 1

X 1

COTTRI -
qy " Ir TH
é > COTTRI B 192 ch

CTH FE K

PRI AT LR S @& E/Zoom (2020/11/26-27)



Fvent classification

= T
CDC active section for each CTH module =~
+ A 105-MeV electron leaves hits in a part of the readout area. 405_
- maximum of theta : ~110° oF
¢ Definition 0_
- Collaboration between a CTH hit module and an active section of _205_
the CDC. -
- 2 innermost layers : 6 RECBEs (135°) _405_
. Others : 7 RECBEs (140°) F /
. 16 patterns for 48 CTH modules 80 el / L]

I—80I —Gd —4d —20I | 0 20 40 60 I80I

.. . x [om]

Theta distribution _ _
for 105-MeV electrons EXamples of the CDC active section
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Gradient Boosted Decision Tree

Decision Tree: . (x) Gradient Boosted Decision Trees
2-bit data | Layer ID
Input Datum, x = xob x? X ny Decision Tree: fo (x)
l - / Yht:ao
= %2> % s ecision Tree: f1 (x
\ Input Data Set, x / ° ! %) }‘ Output: F' (x)

\ 2-bit data | Layer ID °
X35> 0 False True Xy > ¢ False | : o
‘ | | | | Decision Tree: fasr (x)

False False True False (Weak predictions)

XO>C3 X > ¢y X > Cs
Output _| ( 1 v ( _|

M
S deeds wsek ds @ F= Y af
=1

¢ GBDT is one of the ML.
¢ Decision tree : True or False questions

¢ Gradient boosted technique : Combination of small weighted trees
- Each tree : weak prediction

¢+ GBDT output : score for each input datum.
- [Background-like hit] < [signal-like hit]
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- L5 LT KRIERIRSEN 5 DA0MHZz TE(E
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Clock Jitter Cleaner Multiplexer (MUX)

40MHIZ%§EE§ Si5326 Commu. i
FPGA MUX stable
Contral Z0MHz | o No |(FHixdzZ1Y
| — N
System GIX Commu. stable Yes GTXZ1 Y
120MHz GTX : Gigabit Transceiver
BRDARX—D

Pl E A :X ~y5= X 7=50 X7=51 X ~v5= X 7-50 X5=51 X

GTX 40MHz | : :

(High:Low =1 :3) — . .
=R 120MH i | —l

(Si53267b\€>z) —
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Readout electronics : RECBE

i ~ 170 mm .
Overview T om0 memm
e 48 ch/board x 104 boards Bt | M

¢ Signal processing by FPGA,
Amp-Shaper Discriminator (ASD), and
Analog-to-Digital Convertor (ADC)

220 mm

DlspIPort

Readout information

+ Digitized waveform at 30 MHz ATB
Energy-loss information RECBE conflguratlon

ADC : 2 Vp-p with 10-bit resolution
+ Hit timing at 960 MHz

Data compression for COTTRI A fOFg; TBeECtion |
¢ Compress the10-bit ADC sample into 2 bit

o-input LUTs implemented on an FPGA

2 bit/wire for local and 2 neighboring wires
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Data compression in RECBE

1:7T e 2-bit data generation by wire
3 ° ® Hit-flag = Low
Sl o Mg TR + Create a hit flag using the hit-timing info.

\~ &4

\[S“m of 3 samples . High/Low : hit/no-hit

0o ¢ Tag the ADC sample with the hit flag

2 f_(---I---l- ) ]J{IJ F[ Transceivers (GTXs) on the FPGA
_ IR + Max. rate : 3.125 Gbps/lane x 2 lanes

C | | I I | | | I I | | IIIIIIIIIIIIIIII |
0 5 10 1 20 25 30

time [33.33 ns] . . . .
\ 7 ¢ Can transmit [2 bit/wire x 48 wires]
1000 \/
2 = ADC cut | 3}3 >
s | o ® Hit-flag = Low 2 3 o
(&) - . ) =
8900__ ® H|t-flag = ngh 2_bit data B 3
<< = L
i 3 Q
800 "~ Threshold-3 c\ll -
i o i
- 2 N
200 : Thrssholil-z . ° IR ¢
o [ ) o ) B
[ 1
600"Threshold-] o— e ° P
_l L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | | O | 1| 11 | 11 1 1 | | 11| | | I | | | I | | | I | | |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
time [33.33 ng] time [33.33 ns]
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Customization of RECB

to the COTTRI system L[ © |

s

¢ To transmit the 2-bit data |

1 = (B for trigger system

GTXs =2 a DP connector ADC ASD

In/Out : 2 GTX lanes for each (ADg ) Siona

- v
New special modules NeW(z-bit Data | ,__ 7pg)

Generation

¢ 2-bit data generater { Hitflag

[Communication

¢ Communication protocol Tretose (Aurors)

DisplayPort
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