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HODOSCOPE basic conce pt HKS-HES Conicidence result from E05
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Coincidence time HES HKS

B E/‘/
Times of particle at target ODO
Tumsmns—T RD B Lyesuks I
, HES,HKS (Bups.aKsC) HES Lo KHODO
Coincidende time is defined as \ 'BHES ﬂHEs
Troin = Tirs — T " hes BTV
COIN HKS HES (ﬂHE s) BTM

|Tconvl < 1 ns is selected as e’K+ events

In EQS, T,y resolution : o =270 ps
good separation of e’K* L5

Tyes \ T HKS
Target g

e~ beam
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FEHODO/ETOF spectification

. | Tm
Developed for E05 (> 15 yo) -
+=
Effective area 117% cm x 30" cm x 17 cm e’ c
Segments 29 segments 5 = %
S
Layer 2 (EHODO1 & EHODO?) 2 EDC1 é‘
PMT Hamamatsu H6612 (1 inch)
E J _2 3 O Front View B
Tl el el ~ 90 ps w/cosmic in EO5 AV A il
- ordicter (VT sergtic 1T g [
Same hardware as E05, but DAQ changed Ijl’|.$s.tlﬁc:; ggl;&ihltilllignfcjar' i | '(Qb i O
116 ch for both FADC, viTDC (2307 ||| | BEAm 1B
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EHODO/ETOF status
|

B
Status :

- 8 paddles are broken (optical connection)
- Other paddles and Frame are stored in ESB

Commisioning Plan :

- Repairment of otpical connection
- Bill is preparing epoxy and ePAS

- PMT output check (light leak, vaccum, noise)
- PMT gain test
- Timing resolution & TOF resolution study

Main point to check: Time resolution with new DAQ system (shared issue with HKS)
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KHODO/KTOF specification

B
Developed for EO1 (> 20 yo)

v 2x [N

Effective area 127.5%x30"x 2Tcm®  125Wx27.5%x2Tem?  171Wx35Hx2Tem? \K/TOFW l
Eff. area of seg 7.5Wx30"x2Tecm3 125Wx 3.5Hx2Tcm3  9.5Wx35Hx2Tcm3 |

|<:+
Segments 17 9(5+4) 18 o _. B 1 = A | N
PMT H1949-50 ok
BC-408 = w2
Timing resolution s 0N SR N 505 ~ 70 ps in EO5 ~ 60 psin EO5 AC1.23 e
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KHODO/KTOF Status

B
Status :

- stored in ESB
- cheking light leak Log in 2017 (Tohoku internal)
- All PMTs are alive
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Commisioning Plan :
- PMT gain test w/ 3-ray in ESB
- Timing resolution & TOF resolution study

Main point to check:

- Time resolution with new DAQ system
(shared issue with HES)

20Sr : 2.28 MeV
HV 1550V
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https://lambda.phys.tohoku.ac.jp/~db/mediawiki/index.php/JLab_E12-15-008

Lifetime measurement
.
Production Decay

virtual photon ° /
— O ~

Tayp -
e (beam) 4
T HKS T ENGE
Time of decay is derived as,
RD L‘ENGE

Tence = Tenog —
ENGE ENGE (,.BENGEC)

Time of production is defined as Tks
Liifetime of hyperenuclei is,

Tuyp = 1Ence — Thkrs ~ 200 ps _ § ™ exp. tail
Tuyp IS Short enough to suppress accidental BG E R\
100 ps timing resolution is helpful ‘|- 1
g_.||. 1 L IR RS I N SRS R R
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sl
Orignally developed for Bigbite, modified for ENGE

2-layers of 12 segments each
Status :

- PMT Gain adjustment is done by Bill

ENGEHODO/PiTOF -k AT LS

- Time resolution test is ongoing

| | Paddle #0

7.SI
----- L1 | | Paddle
ENGE HODO + test bench DAQ e
TOF resolution ~ 230 ps (o) e ) rucers
— Updating test bench DAQ e
to same condition as beamtime O wof
.......... c T
after timewalk correction o zoooipr@”ﬁmm Ay
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ENGE HODO — TOF resolution evaluation

B
Setup & measurement by Bill in ESB

e T 1] Paddle #0
..... 15 | | Paddle #1

| [ ] | Paddle #2

37.375”

| [ ] | Paddle #3

[ [ 'l | Paddle #4

Wi wsriwaien [ 17 | | Paddle #5

Twi e s DaAadAdAdla 41 900 DAaAdAdlA 4D
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ENGE HODO — TOF resolution analysis

EE
Analysis by Jin l1L
| [ | | Paddle #1
—_— TOF vs Top Pulse Int(#1 vs #2)
e - t1r Q11; Pulse Int(FADC)
Current time resolution gz T e T T
230 ps (0) % ok loR lar
O) 16(100::_'
4 ok Time Walk Correction in each PMT :
l'q 12000:— «— aram
— t’ — t _I_ a p
gwuoo_s T A 1L 1L \/QIL_Qped+b
TOF [ns]| . - T param2
Optimize a & b to minimize the TOF dispersion
—_— TOF vs Top Pulse Int(#1 vs #2)
= S50 (! / / /
2. . i TOF = (t5, +t55)/2 — (t1L +t1R)/2
I Q 22000E ’:1 - TOF(#1 vs #2)
Sob ool Lo
@ 8000-—
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q 6000_—
gmooo 4000:_ o o
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ENGE HODO - idea of improvement

B
Substructure in ADC-TOF hist

- trigger timing problem ?

PMT Gain is not adjusted

adjust in mearuement or analysis

Hit position correction

installation of third vertical layer

analysis including
ADC, TDC difference

11/
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2DHist TOF

TOF vs Top Pulse Int(#1 vs #2)

Before time walk

TOF vs Top Pulse Int(#1 vs #3)

TOF vs Top Pulse Int(#2 vs #3)
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Tasks & Timeline

HODO Status need light sheilding need to repair (8) ready
PMT Signal Output To be checked To be checked Done
PMT Gain Study Ongoing To be checked Done

Time Resolution Under Under ~ 230 ps
evaluation consideration consideraton to be updated

Spare Status 0, to be prepared 0, to be prepared A lot

~ Mar, 2026 EHODO repairment, KHODO light shielding
ENGE time resolution evaluation w/ new DAQ(fADC, vfTDC, VTP)

by Toshi, Kei, Kotaro, Jin, Sho, Ken, Ravin

~ May, 2026 Time resolution evaluation of HKS, HES
Gain study of all HODO's in ESB environment by Ken, Ravin

iIn 2026 HKS, HES spare production in Japan
After installation Gain study in magnetic filed (5 gauss)
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Summary
B
- Time resolution of KHODO & EHODO is crucial for PID, accidental BG suppresion

-  Time resolution of ENGEHODO is crucial for lifetime measurement

Status
- in EO05, KHODO & EHODO timing resolution is good enough, less than 100 ps
- Long intreval since E05 — repairment & operation check is required

- No conclusive information on ENGEHODO time resolution
Tasks in near future
- EHODO repairment

- KHODO gain test
- ENGE HODO time resolution measurement & analysis

13/
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HKS PMT & Scintillator

(Unit: mm)

® H1949-50

HKS

Hamamatsu H1949 (H1949-51) ;
Time Response] Transit Tme Typ._ X8 N E—
0.55 ns e
Scintillator BC-408 I

2 "\ CASE (08 )
o4 —
!

ANODE
OUTPUT 2
:BNC-R
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*TO MAGNETIC
SHIELD CASE
ANODE
__________ OUTPUT 2
__________ :BNC-R
__________ ANODE
__________ 5 OUTPUT 1
:BNC-R
—————————£) DYNODE
R21 OUTPUT
P I mws I 1 TBNC-R
c11== 1c7==c10
ReOR162 ~/ T-'" T
DY12 i +—— ci2
Dy1qrl RI9R15=C6= Co== C
" RI8R143C5- C8 '
DY10n—H— ot O F
Y Rpicex
DY8H— 1
DY75 R117C25-
R10=
DY6H ]
o R9 £
DY5+ I
o RB I
DY4+ 3
R7 £
DY3H ]
R6 =
DY2+H R5 %
DY15 Rl Ct
Accl——o Lo 1 —
s
G- .
K~ R2 : R1._ HV
——%) TSHv.R
R1, R21:10kQ
R2, R5 : 120 kQ
R3, R7 to R12, R16 : 100 kQ
R4, R6 : 180 kQ
R13, R14, R17 : 150 kQ
R15 : 300 kQ
R18to R20 : 51 Q
C1:470 pF
C2toC4, C10:0.01 uF
C5, C6 : 0.022 uF
C7:0.033 uF
C8, C9 : 4700 pF
C11,C12:0.01 uF

* MAGNETIC SHIELD IS CONNECTED
TO GND INSIDE OF THIS PRODUCT.


https://www.hamamatsu.com/eu/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H1949-51.html
https://luxiumsolutions.com/radiation-detection-scintillators/plastic-scintillators/bc400-bc404-bc408-bc412-bc416
https://luxiumsolutions.com/radiation-detection-scintillators/plastic-scintillators/bc400-bc404-bc408-bc412-bc416
https://luxiumsolutions.com/radiation-detection-scintillators/plastic-scintillators/bc400-bc404-bc408-bc412-bc416

HES PMT & Scinillator

Hamamatsu H6612

Anode] Gain Typ.

Time Response] Rise Time Typ

[Time Response] Transit Time Typ.

[Time Response] Transit Time Spread Typ.

Scintillator EJ-230

Light Output (% Anthracene)

Scintillation Efficiency (photons/1 MeV e )
Wavelength of Maximum Emission (nm)

Light Attenuation Length (cm)

Rise Time (ns)

Decay Time (ns)
Pulse Width, FWHM (ns)
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1.7 x 10°
1.3 ns
14 ns

0.36 ns

64
9,700
391
120
0.5
1.5
1.3

9235205
0193+ 0.7
©15 MIN.

130008

3]

1 MAX
2

PHOTOCATHODE

=

PMT: R3478
\WITH HA TREATMENT

MAGNETIC SHIELD

N\ CASE (t=0.5 mm)

‘] -HV
: SHIELD CABLE (GRA

T === SIGNAL OUTPUT
| : RG-174/U (BLACK)
P l

B
AN AN S AN AN S A AN AN

KY R1 Saboasiv

“=T =~ :SHIELD CABLE (GRAY)

Ri:1 Mﬂ-}—‘ * TO MAGNETIC

R2: 750 kQ SHIELD CASE
R3: 560 kQ
R4, R61to R11: 330 kQ2
R5: 510 kQ2
C110C3:0.01 uF

* MAGNETIC SHIELD IS CONNECTED TO GND

INSIDE OF THIS PRODUCT.

** HIGH VOLTAGE SHIELDED CABLE CAN BE

CONNECTED TO A CONNECTOR FOR RG-174/U.


https://www.hamamatsu.com/us/en/product/optical-sensors/pmt/pmt-assembly/head-on-type/H6612.html
https://eljentechnology.com/products/plastic-scintillators/ej-228-ej-230
https://eljentechnology.com/products/plastic-scintillators/ej-228-ej-230
https://eljentechnology.com/products/plastic-scintillators/ej-228-ej-230

Trigger & Rate summary in EOb

B
Segment rate is less than 1 MHz

EHODO1 rate is up to 15 MHz

29
EHODOl = ) EHODOV,

j=1

29
EHODO2 = Z EHODOY .
HES 1igeer = EHODO1 ® EHODO2 j=1

(7 : segment number)

Target | Target thickness Beam current Rate [MHz]
mg/cm?] [LA] EDC1 EDC2 EHODO1 EHODO2

CH, 450.8 2.0 3.0 3.4 2.8 2.9
H,0O 000.0 2.8 2.3 6.0 9.9 2.6
Li 208.0 390 9.4 11 9.8 9.7
‘Be 188.1 40 12 15 13 12
1B 00.1 40 2.0 9.9 0.1 2.1
12C 112.5 10 1.9 2.3 2.1 2.1

39 12 13 13 13
2Cr 134.0 3.0 6.7 7.8 7.3 7.3

17/ 2026/2/13 Kotaro Nishi



EO1 KTOF test reportt

https://hallcweb.jlab.org/experiments/hks/manual/hkstechnote12.pdf

typical operation ~1500 V
2 cm thick scintillator
— MIP depost ~ 4.2 MeV

pulse height direct / delayed
EO1 @1500 V
50 mV of the 1 MeV deposit (°°Co)

2026 @ 1550 V
45 mV of 2.2 MeV deposit (°°Sr)

18/ 2026/2/13 Kotaro Nishi

LEFT END Mid. RIGHT END Mid.
Counter | P.h.dir | P.h.del | pos. High | P.h.dir | P.h.del | pos. High | Counter
Number | / / P.h./ volt. / / P.h./ volt. Number
Decay | Decay Decay Decay | Decay | Decay
time time Time time time time

1X1L 50/40 | 10/220 | 45/40 | 1550 55/40 [ 10/200 | 50/40 | 1540 1X1R
1X2L 50/40 | 10/220 | 45/40 | 1480 50/40 | 10/200 | 45/40 | 1410 1X2R
1X3L 50/40 | 10/200 | 45/40 | 1480 55/40 | 10/200 | 45/40 | 1480 1X3R
1X4L 50/40 | 10/220 | 45/40 | 1500 50/40 | 10/200 | 45/40 | 1490 1X4R
1X5L 50/40 | 10/200 | 45/40 | 1490 50/40 [ 10/200 | 45/40 | 1440 1X5R
1X6L 50/40 | 10/200 | 45/40 | 1440 50/40 | 10/200 | 45/40 | 1440 1X6R
1X7L 50/40 | 10/200 | 45/40 | 1490 50/40 | 10/200 | 45/40 | 1410 1X7R
1X8L 50/40 | 10/200 | 45/40 | 1500 50/40 | 10/200 | 45/40 | 1530 1X8R
1X9L 50/40 | 10/200 | 45/40 | 1470 50/40 | 10/200 | 45/40 | 1410 1X9R
1X10L | 50/40 | 10/200 |45/40 | 1490 50/40 | 10/200 | 45/40 | 1440 1X10R
1X11L | 50/40 | 10/200 | 45/40 | 1520 50/40 | 10/200 | 45/40 | 1360 1X11R
1X12L | 50/40 | 10/200 |45/40 | 1430 50/40 | 10/200 | 45/40 | 1490 1X12R
1X13L | 50/40 | 10/200 |45/40 | 1490 50/40 | 10/200 | 45/40 | 1440 1X13R
1X14L | 50/40 | 10/200 | 45/40 | 1510 50/40 | 10/200 | 45/40 | 1470 1X14R
1X15L | 50/40 | 10/200 |45/40 | 1470 50/40 | 10/200 | 45/40 | 1490 1X15R
1X16L | 50/40 | 10/200 | 45/40 | 1500 50/40 | 10/200 | 45/40 | 1450 1X16R
1X17L | 50/40 | 10/200 |45/40 |1540 50/40 | 10/200 | 45/40 | 1450 1X17R

THRESHOLD DETERMINATION: “°Co deposits of around 1 MeV,, in the thickness

of 2 cm of the plastic scintillator. Therefore, 50 mV of the Co ( ~ 1 MeV..) is the
threshold. High voltage in accord with it may be regarded as the minimal
(conservative) voltage applied to the PMTs. Minimum ionizing particles (pions, kaons,
muons) should deposit around AE = 2.1 MeV/cm x 2 cm = 4.2 MeV.



https://hallcweb.jlab.org/experiments/hks/manual/hkstechnote12.pdf

EHODO evaluation Gain matching

. P 1. Pui o

Pulselnt_1L Pulseint_1R
. . 10*
Gain matching of all channels
10
-
on setup / analysis
10?
ok 10k
i3
1 1k ]l 1k
sl dly o tasaly L M S P Y el A T T P
10000 12000 14000 16000 18000 20000 22000 24000 10000 12000 14000 16000 18000 20000 22000 24000 10000 12000 14000 16000 18000 20000 22000 24000 10000 12000 14000 16000 18000 20000 22000 24000
Pulselnt_2L Pulseint_2R Pulselnt_3L Pulseint_3R
0
w0
107 = ;
0
10 w0k
1 1
. M P P P A T alaaalaa e,
10000 12000 14000 16000 18000 20000 22000 24000 10000 12000 14000 16000 18000 20000 22000 24000 10000 12000 14000 16000 18000 20000 22000 24000 10000 12000 14000 16000 18000 20000 22000 24000
Pulseint_4L Pulseint_4R Pulselnt_5L Pulseint_S5R
10° N 3
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NPS experiment calorimeter time resolution

Fit of the waveforms

 Matched filter scheme to determine the
number of pulses and the approximate
time and amplitude

/

 The fit function:

Npulses
A; f(t—t)

;/ T

: Time of pulse #i
Amplitude (4*ns) relatively

to the ref wf time

F(t) =B+

/4

Baseline

 Fit of the production data waveforms
and retrieval of the time and amplitude

Kotaro Nishi
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(arbitrary units)

N

—— MF transform
Threshold
V Detected peaks

PR R

80

PR (B |
100
Time (4ns)

— |+ Data
=iEit

t

T | LA ST

b

80

rI ()
100
Time (4 ns)


https://indico.jlab.org/event/992/contributions/17928/attachments/13650/22023/Energy_Time_Resolution_NPS.pdf

NPS experiment colorimeter

21/

Time Resolution

These are the intrinsic time resolution
results

The sigma values obtained from

the fit of the time distributions are divided
by the square root of 2

The resolution obeys the following
power law:

0¢+(E) = (0.112 ns)[E/(1 GeV)] V3%

@D K
S e Ao Elastic setting 1
c I o v Elastic setting 2
------ Fit
e .
: X,
- "-l‘
- ‘x'.‘
X
“Xx o
107" X
g - _
C | p ol 1\\ 1 1
10* 107~ 1Energy (GeV)

An intrinsic timing resolution better than 200 ps for energies above 500 MeV

2026/2/13 Kotaro Nishi


https://indico.jlab.org/event/992/contributions/17928/attachments/13650/22023/Energy_Time_Resolution_NPS.pdf
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