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HES/HKS Detector Readiness 
and Commissioning Plan

Toshiyuki Gogami
June 4, 2026

Experimental Readiness Review for the JLab Hypernuclear Experiment
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https://indico.jlab.org/event/1074/

https://indico.jlab.org/event/1074/
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Status of the HES/HKS detectors
All detectors were used in the previous 
Hall C Experiment

TG et al., PRC 103, L041301 (2021)
TG et al., NIMA 900, 69—83 (2018)
TG et al., PRC 94, 021302(R) (2016)
TG et al., PRC 93, 034314 (2016)
Y. Fujii et al., NIMA795, 351—363 (2015)
L. Tang et al., PRC 90, 034320 (2014)
TG et al., NIMA 729, 816—824 (2013)
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 No major detector show-stopper identified at this stage
 ESB preparation work should complete within calendar year 2026
 Detector preparation feeds directly into beam commissioning and optics calibration
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HES and HKS detectors

HES
• ETOF (2 layers)
• EDC (10 layers)

3

HKS
• KTOF (3 layers)
• KDC (6 layers×2)
• Aerogel C. (3 layers)
• Water C. (2 layers)

TG et al., NIMA 900, 69—83 (2018)
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HES and HKS detectors

HES
• ETOF (2 layers)
• EDC (10 layers)
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HKS
• KTOF (3 layers)
• KDC (6 layers×2)
• Aerogel C. (3 layers)
• Water C. (2 layers)

Tracking

Trigger

PID

Renewed

TG et al., NIMA 900, 69—83 (2018)
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HES and HKS detectors
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TG et al., NIMA 900, 69—83 (2018)

HES HKS
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Photograph for the detectors

e-

TOF walls 
(Plastic scintillators)

Cherenkov detectors 
• Aerogel (n=1.05)
• Water  (n=1.33)

HES HKS

K+, π+, p

Drift chambers
TOF walls 
(Plastic scintillators)
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The number of channels for the detectors
Spectrometer Detector FADC

(ADC/TDC)
Low resolution 

TDC
High resolution 

TDC

HKS
KDC - 640 + 640 -

TOF 88 - 88

AC 42 - -

WC 48 - -

HES EDC - 1120 -

TOF 116 - 116

Number of total channels 294 2400 204
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Spares and mitigation plan are described in wiki: 
https://hallcweb.jlab.org/wiki/index.php?title=Hypernuclear_HKS

https://hallcweb.jlab.org/wiki/index.php?title=Hypernuclear_HKS
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Front-end electronics on the SHMS hut

Detector 
area for HES

Front-end 
electronics
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Front-end electronics will be placed on top of the SHMS hut to reduce 
radiation exposure, using a location with demonstrated electronics operation.
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Trigger condition for HES-HKS
Trigger Request:
𝐂𝐂𝐂𝐂𝐂𝐂𝐍𝐍𝐌𝐌𝐌𝐌 + 𝐂𝐂𝐂𝐂𝐂𝐂𝐍𝐍𝐃𝐃𝐃𝐃 + (A × HKS) + (B × K) + (C × HES) + (D × ENGE) 

where, 
𝐂𝐂𝐂𝐂𝐂𝐂𝐍𝐍𝐌𝐌𝐌𝐌 = HES⊗ HKS (or HES⊗ K)
𝐂𝐂𝐂𝐂𝐂𝐂𝐍𝐍𝐃𝐃𝐃𝐃 = ENGE ⊗ HKS (or ENGE ⊗ K) 

HES = HESCP = ∑𝑖𝑖=𝑖𝑖15 ETOF1 ⊗ ETOF2 𝑖𝑖
HKS = HKSCP = ∑𝑖𝑖=117 KTOF1X ⊗ KTOF2X 𝑖𝑖 ⊗ KTOF1Y
K = HKSK = ∑𝑖𝑖=117 KTOF1X ⊗ KTOF2X ⊗ WC ⊗ AC 𝑖𝑖
ENGE = ENGECP = PiTOF1 ⊗ PiTOF2 
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Status and to do before installation
Detector Completed To do

HKS

KDC Cosmic ray (CR) test to confirm no 
missing channels

TOF PMT checks Repair for light leaks and detached 
optical joints, Cosmic ray test 

AC CR test to confirm NPE 
performance

WC New design, container fabrication in 
Japan

Transport to JLab, CR test for 
double checking NPE performance

HES
EDC CR test to confirm no missing 

channels

TOF CR test for timing resolution check Repair for light leaks and detached 
optical joints

10
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Detector work before installation

HES/HKS detectors will be ready for installation by December 2026
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Feb DecJuly

CR test for ETOF

CR test for EDC CR test for WC

PMT checks for 
ETOF/KTOF

Cosmic-ray (CR) test for KTOF

Repair for KTOF

Repair for ETOF

2026 2026 2026now
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EDC test at ESB
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ETOF

PCS-E
EDC

Mar 4, 2026 No missing wires

Figure by Ken Nishida (U. Tokyo)

https://hallcweb.jlab.org/wiki/images/a/af/Meeting_2026-April2.pdf
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ETOF test at ESB
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ETOF

PiTOF

ETOF1-ETOF2
212 ± 16 ps

ETOF1-PiTOF1
198 ± 11 ps

ETOF1-PiTOF2
247 ± 19 ps

ETOF2-PiTOF1
178 ± 7 ps

ETOF2-PiTOF2
185 ± 8 ps

PiTOF1-PiTOF2
119 ± 3 ps

w/ PHC
w/o 
PHC

Time resolution for ETOF:
𝜎𝜎 = 130—170 ps  Good enough

Mar 2026

https://hallcweb.jlab.org/wiki/images/a/a0/HKS_meeting_gogami_20260312.pdf
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Calibration strategy (during the experiment)
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Detector-level
• Gain matching
• Time offset
• xt curve 
• etc.

Integration
• Alignment
• Readout sync.
• Monitoring constants
• etc. 

Physics calib.
• Energy with Λ/∑0

• Angle with sieve slits 
• Raster correction
• etc. 

Analysis output
• Missing mass 
• Resolution validation
• Production monitor
• etc. 
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Calibration strategy (offline analysis)
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Detector calibrations
(TOF slewing corr., xt curve optimization etc.) Energy / Angle calibrations

(Λ,∑0 and sieve slits)

Particle / reaction identification
(coincidence time / Cherenkov etc.)

Missing mass reconstruction
 Binding energy

Cross section calculations
(Efficiency, acceptance etc.)

Fitting analysis 
 𝐵𝐵Λ and cross section

Physics outcome
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Transfer matrix optimization

𝑝𝑝
𝑥𝑥′
𝑦𝑦′ HKS

=

𝑎𝑎𝑝𝑝1 𝑏𝑏𝑥𝑥′
1 𝑐𝑐𝑦𝑦′

1

𝑎𝑎𝑝𝑝2 𝑏𝑏𝑥𝑥′
2 𝑐𝑐𝑦𝑦′

2

𝑎𝑎𝑝𝑝3 𝑏𝑏𝑥𝑥′
3 𝑐𝑐𝑦𝑦′

3

𝑎𝑎𝑝𝑝4 𝑏𝑏𝑥𝑥′
4 𝑐𝑐𝑦𝑦′

4

𝑎𝑎𝑝𝑝5 𝑏𝑏𝑥𝑥′
5 𝑐𝑐𝑦𝑦′

5

⋮ ⋮ ⋮
𝑎𝑎𝑝𝑝210 𝑏𝑏𝑥𝑥′

210 𝑐𝑐𝑦𝑦′
210

𝑥𝑥, 𝑥𝑥′, 𝑦𝑦, 𝑦𝑦′, 𝑥𝑥2, 𝑥𝑥𝑥𝑥′, … FP
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630 parameters for each spectrometer when we take the 6th order 
 1260 parameters in total

Λ / ∑0

SS

Optimization with 
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Kinematic parameters

Small Q2

 Almost real photon

Forward angle
 Large cross section

Optimal for Λ and Σ0

TG et al., PoS (QCHSC24), 230 (2025)
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https://doi.org/10.22323/1.483.0230
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Energy calibration
TG et al., NIMA 900, 69—83 (2018)

 Systematic error  Δ𝐵𝐵Λ
sys. ≃ 60 keV

18

https://doi.org/10.1016/j.nima.2018.05.042
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Manpower for HES-HKS detectors
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TOF Cherenkov Drift chambers
Coordinator
T. Gogami (Shiga U.) R. Marinaro (CNU) B. D. Pandey (VMI)

Coordinator Coordinator

• K. Ishido (Kyoto U.) 
• K. Nishi (U. Tokyo)

• K. Higashimoto (U. Tokyo)
• R. Yamakawa (U. Tokyo)

• K. Nishida (U. Tokyo)
• R. Kumaragamage (Hampton U.)
• Y. Ma (Hampton U.)

HES-HKS Detector

Co
re

 
w

or
ke

rs

Technical Supervisors:  L. Tang (Hampton U.), J. Reinhold (FIU), S. Nagao (U. Tokyo)
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Roles and responsibilities
Coordinator role

• Track progress within each detector group
• Identify conflicts in work space, schedule, and manpower
• Arrange focused subgroup meetings when needed
• Coordinate with DAQ, analysis software, and other detector groups
• Report progress and open issues to the HES-HKS detector meeting and weekly 

meeting
• Communicate with the JLab liaison as needed for on-site coordination

Technical supervisor role
• Provide technical advice and support to core workers
• Help review detector-specific issues and troubleshooting
• Support preparation, commissioning, and installation

20
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Summary
HES/HKS detector systems (TOF, MWDC, AC, and WC) are 

known detector packages with previous operational experience

 Remaining work consists of standard repair, checkout, 
integration, and commissioning tasks

 All detectors are expected to be ready for installation by Dec 
2026

21
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Backup
22
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Missing-mass spectroscopy
Electro-production

• Better understanding of reaction 
• Small cross section 
• Larger noise as Z gets larger 

Primary beam 
• High precision / small emittance
• High intensity  thin target
( High energy resolution) 

Virtual photo production 
 Large spin flip amplitude

p  Λ
 Good calibration with proton target
 Mirror Hypernuclear study 

𝑴𝑴𝑯𝑯 = 𝐸𝐸𝑒𝑒 + 𝑀𝑀𝑇𝑇 − 𝐸𝐸𝑒𝑒′ − 𝐸𝐸𝐾𝐾 2 − 𝑃𝑃𝑒𝑒 − 𝑃𝑃𝑒𝑒′ − 𝑃𝑃𝐾𝐾
2

𝐵𝐵Λ = 𝑴𝑴𝑯𝑯 −𝑀𝑀𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑀𝑀Λ To be measured

23
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Experimental setup

2.2-GeV Electron 
50 μA (3 × 1014 /sec)
 Hypernuclei: 0.003 /sec

π+: ENGE

K+: HKSe’: HES
0.7 GeV/c
2 × 105 /sec

1.2 GeV/c
5 × 104 /sec

24
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Comprehensive projects, unique research 

TG et al., PoS (QCHSC24), 230 (2025)

Next campaign

25

https://doi.org/10.22323/1.483.0230
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Front-ends for DAQ

• Signals in FADCs are used 
for each trigger logic

• FPGA logics are 
implemented in  VTP for 
each trigger

• Master TI distributes the 
triggers to labor TIs

26


	HES/HKS Detector Readiness �and Commissioning Plan
	スライド番号 2
	HES and HKS detectors
	HES and HKS detectors
	HES and HKS detectors
	Photograph for the detectors
	The number of channels for the detectors
	Front-end electronics on the SHMS hut
	Trigger condition for HES-HKS
	Status and to do before installation
	Detector work before installation
	EDC test at ESB
	ETOF test at ESB
	Calibration strategy (during the experiment)
	Calibration strategy (offline analysis)
	Transfer matrix optimization
	Kinematic parameters
	Energy calibration
	Manpower for HES-HKS detectors
	Roles and responsibilities
	Summary
	Backup
	Missing-mass spectroscopy
	Experimental setup
	Comprehensive projects, unique research 
	Front-ends for DAQ

