
Performance evaluation and development of silicon strip detector for the J-PARC E16 experiment
R. YamadaA, K. AokiB, Y. YoritoA, K. OzawaB, T. Takahashic Hiroshima Univ. A, KEKB, RCNPC

Nuclear 
density

Decrease

W. Weise. Nuclear aspects of chiral symmetry. 
Nuclear Physics A, Vol. 553, pp. 59–72, 1993. 

Method

Purpose

φmeson

1. Statistical 10 times that of E325 due 
to detector acceptance and increased 
beam energy

2. 10 times the beam intensity 
(1×1010 protons/spill (2 sec))

J-PARC E16 experiment strategy

ØHigh rate capability
• Large amount of φ generated by 

high-intensity beam
• Large amount of background

ØHigh mass resolution
• Expected mass change: 20-40 MeV/c 2

• Target mass resolution: ~6 MeV/c 2

E16 Detector Request

6. Issues and Outlook

l Long-term operation (~1300 hs) in Run-1 (Spring 2025)!

l STS chamber, module (FEB) repair
l Improvement of FEB synchronization

l More detailed data analysis
→ Efficiency in magnetic field, 2D tracking...

For Run-1

• E16 spectrometer is arranged in a cylindrical 
shape from ±15 deg. to ±135 deg.

• The STS consists of 10 modules in Run-1.
• Chamber plates with copper cooling water pipes 

built in for FEB cooling 
• The chamber is covered with aluminized mylar 

and black sheets
• First installed at the 4th commissioning Run 

(Run-0d: June 2023)

The 4th J-PARC Symposium 2024

n KEK E325 (Previous study)

2. E16 innermost tracking detector STS1. J-PARC E16 experiment
The E16 innermost layer uses Main tracking detector of CBM 
experiment (@GSI) silicon sensor (Silicon Tracking System (STS)).

• Position resolution(X): 30 μm
• Time resolution: 6 ns

Ø Required Performance for E16 STS

Basic performance of the sensor
nDouble-sided readout

N-side

P-side

7.5 deg.

13.Christian J. Schmidt. The CBM Silicon Tracking Station and CBM- related ASIC developments. 

• Board with 8 SMX chips (ASIC)
• One side of the sensor (1024 ch) is read by 1 FEB
• ADC: 5bit, TDC: 320MHz 14bit
• Self-triggering for streaming DAQ
• SMX (integrates and) divides signal into slow (ADC) and fast (TDC) shapers, 

requiring two (independent) thresholds. 

nReadout Circuit FEB-8 (Front End Board)
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↓FEB-8Parameter Value
Size 60 x 60 mm!

Thickness 320 µm (~0.37% X0)
Strip pitch 58 𝛍𝐦

Stereo Angle 7.5 deg.
Number of strips 1024

Bias voltage 150 V (p:-75V/n:+75 V)

To observe the in-medium spectral 
function changes of vector mesons
30 GeV 𝑝 + 𝐴 → ⁄𝜌 𝜔 /𝜙 → 𝑒! 𝑒"

Search for changes in ⟨1qq⟩ in nuclear matter

To increase the statistics 
by 100 times!
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Technical Design Report for the CBM Silicon 
Tracking System (STS) The CBM Collaboration

CBM STS

3. Installing and developing for E16 experiment

4. Test experiment with electron beam @KEK PF-AR

① Test the E16 STS DAQ using a beam
② Evaluation sensor performance

• The test experiment was conducted at KEK's PF-AR test beamline in November 2023
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• STS chamber + 4scintillators
• Beam Momentum : 3.0 GeV/c
• Coincidence rate: average 30 Hz
• Active area of 1 cm square limited by scintillators
• Data collection by changing the beam incident angle

n Setup (Side View)
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Sensor hit of electrons 
that passed through four 
scintillators

Hit profile 
(0deg 108 N-side)

→ Successful DAQ!

Result

→ Fulfills the requirements 
of the E16 experiment

ØTime resolution ØEfficiency
0deg 108N 99.85 +/- 0.03 %

16deg 108N 99.77 +/- 0.02 %

*Efficiency w/ TDC cut was very low 
due to too low TDC threshold 
settings.↓

Time resolution : ~ 4.8 nsec (0 deg.)
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nSTS readout chain
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• E16 5th commissioning run (Run-0e) was conducted in May 2024
• The first data collection with online trigger matching (implemented) in STS
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5. E16 Commissioning run (Run-0e)

Online Trigger Selection 
System Success!

n Residuals

Sensor

1. Long-distance transmission
GBT boards need to be kept away from magnetic fields and radiation
→ Use LVDS repeaters and Cat6a cables

2. High hit-rate capability
The interaction rate using a 30 GeV, 1×1010 pps beam is as high as 10 MHz
→ Firmware modification to serialize data in GBTxEMU and decode and 
reduce data before GERI

3. Recording of E16 trigger information
The online trigger selection system was implemented in April 2024 (firmware 

development).  The Run 0e data-taking is conducted with this system.
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n “Efficiency”

• Using tracks reconstructed by GTR layers only
• 1x109 pps, no magnetic field data set
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• 200 μm residuals @ Local_x > -5 mm
→ Considering the position resolution of the GTR, this is fine.

momentum [GeV/c ]

Ch
ar

ge
d 

at
 S

TS
 [f

C]

p d

K

pi

n Energy loss vs Momentum

*There is an overlap with the module 
frame next to GTR, and it is affected 
by multiple scattering.

“Efficiency” =
Number of GTR tracks

Number of hits of STS closest to GTR track

ü ~94% (residuals < 4σ)
1x109 pps, no magnetic field data set

→ The STS worked 
properly with the other 
E16 detector systems!

Momentum was calculated 
using STS 1 layer (106N) + 
GTR 3 layers.

*Note that this “efficiency” is different from the efficiency 
in the original sense. The low detection efficiency is 
thought to be due to the influence of fake tracks.


