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Figure 4.14: Created power operation GUI (Block for a Sensor). In the actual experiment, this
block will be replicated 10 times, and additional blocks for GBT and repeater will be included on
the same screen for centralized management. These displays are updated in real-time every second.
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Figure 1.6: The phase trajectories (p(t), e(t)) at the center of a head-on Au+Au collision for various
bombarding energies are shown as obtained using the indicated models, along with the schematic
phase boundary. The yellow region represents the coexistence region, while areas below the black

line (e(p, T = 0)) are considered inaccessible. The symbols on the URQMD and QGSM curves are
separated by the time intervals indicated in parentheses (fm/c) [20].
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Figure 1.5: Layout of the Facility for Antiproton and Ion Research (FAIR) [17].
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» KEK E325 (previous study)

150

Purpose | Exploration of changes in (qq) in vacuum

Strategy Measure the mass spectra of vector mesons
decaying in nuclei and their changes

l(m)o"[l
§ Decrease!

Nuclear density

nis8.7MaVicY]

coul
'y
o
o

DENSITY
Want to See the maSS W. Weise. Nuclear aspects of chiral symmetry.
change more clearly!

Nuclear Physics A, Vol. 553, pp. 59-72, 1993.

Nucleus

50r

x>/ndf=83/50

0.8 1 11 [GeVI}JZ

| Advantages of E16

0

Proton

beam m .

Decays in nuclei
With mass modified

1. 5X the acceptance of the E325

2. 2X as many ¢ mesons as in the E325 with 30 GeV/c proton beam

3. 10x intensity beam
(1 x 1010 proton/spill (2 sec))

N

Aim for 100x statistics!




1. Intro : E16 experiment (@J-PARC)

B E16 Detector Requirements

» High rate capability

* Large amount of ¢ generated by
high intensity beam

e Large amount of background

> Good mass resolution
* Predicted change : 20-40 MeV/c?

* Target mass resolution: 5 MeV/C2

> Good PID capability

— 2
— Decay in nuclei — | Decay outside nuclei
e’ et
Protén ) Protp :
e ([T @
< BTN ST v’ Pb target
I % 1 I T v By <05
L) TSSO SRR SO 1y 1 O SRS v’ Predict shift
uﬁ """"""" ~35 MeV/c?
gﬁ ...............................
' ‘I.E)SI I 1,.1 1..15 1.2
Invariant mass [GeV/c?]
\, J

4/16

B Expected in RUN 2




Simulation includes random hit BG. ... .

* Case 1: GTR only

* 10%° /spill was turned out to

be too high.
e “1/3 beam”

* (0.33 x10%0 / spill. )

PG T N Ty Y A AS

¢ (1020)
w/0 BG

c = 3.0 MeV
for all By

400
200
3

é (1020)
W/ “1/3” BG

c =9.0 MeV

for all By

105 5 | 118

12

GTR3 \T e hit

GTR1 fake hit

e Case 2: GTR +SSD

* Full beam can be accepted.
* (1x10%/spill.)

W s
1 @ (1020) Wﬁ ¢ (1020)
W w/o BG SSD w/ BG
106 c = 8.7 MeV
"o =8MeV for all By
366
«| for all By
(9.85 09 095 | 1.05 1R | b1s ;.2

Invariant mass [GeV/c’)

Tails on both sides are due to BG hits very close to the true hit.
case 1: Even with this configuration, we can do physics.
case 2: Tails greatly reduced. Better resolution. (We favor this)



1. J-PARC E16 STS Overview
W STS DAQ migration into E16 DAQ | e16pAQ | sTsDAQ |

2,048chx26module=53,248ch CLK Master Bell2 UT3 GERI

FEB8 STS
5] FEBS[—1p peater| "ICEREMUEIGERIpY 0 pe CLK Freq. 125MHz 160 MHz

TRK APV v" STS DAQ circuit is Independent of E16 DAQ

Repeater circuit.
The STS DAQ
24chx26 dul . . . .
. 1. Receives E16 trigger information
1.400chx26module=36,400ch / (timestamp, trigger type, event#, spill#,
SRS APV etc.)
oo pemoddSxHBD ASD ) 080ch JBelle2|  [Belle2 2. Records with GBTXEMU 64bit 160MHz clock
uT-3 [ |FTSW .
-5 3. Can be matched with E16 data
o y . . . . .
[LG} »DRS4 [RPv260}— 4. Data is selected(Online timing selection),
ot bati e S derkyoid and recorded in HDD
Signal channel: 148,740ch — : Trigger primitive
lllustration by M. Ichikawa Trigger channe: 2.620ch_||[Trigger] || «—— : Trigger




107 | 106 total
STS €Y 2— 1D 109 | 108 | 207 | 206 104 | 103 | 102 | 101 | (10 modules)
rate(M hits/sec/FEB-8) | 27 | 27 | 64 | 86 64 | 43 | 21 | 21 503
rate(M hits/sec/2FEB-8) | 54 | 54 | 128 | 172 | | 128 | 86 | 42 | 42 1,006
1 5D GBTXxEMU T
JLEE S % uplink #X 16 16 16 | 32 16 16 16 16 192




STS



D-SSD

i(t)
JLt to front-end — Stereo angle Readout Al S102

P-side | Charged particle >— Strip pitch

1 1 - P-side

ig'
i

PRISRRaRoeoORN |_] T I_l ‘ u T ; |
N-side J\ P’ stop diffussion V| LV [V N-side

Readout Al P stop diffusion

Figure 2.3: Structure of DSSD (left) and explanation of stereo angle (right).
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Technical Design Report for the CBM Silicon Tracking System (STS) The CBM Collaboration Cf_ O67T @ALICE K (Slllcon TraCklng SyStem) j
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E—L&Y—4y NOBEERLSHEBERAIFDI
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(station) TR

> 57—y hDOTHR 30ecm-1TMmoEHICKE



station

silicon

g : g =
microstrip §
sensors 5 g
] c 3
I} © i
a = o
e Y= e
Y
FEB 2 = >
| : (B
5 .
o) [ ©
] N B
le lg S o
©
=
— @
8 o
(6]
(O]
(7]

module  half ] I I I

ladder ladder half station half station

Figure 2.12: Conceptional layout of the tracking stations and their building blocks [18].

500

radius (mm)

250

I T T T T T T T T
0 300 400 500 600 700 800 900 1000
distance (mm)

(a) Concept of STS tracking stations covering (b) Eight tracking stations for the STS detector
the polar angles 2.5 deg. < © <25 deg.



2. STS Overview : ASIC SMXICDWT 3/11
m SMX : STS/MUCH-XYTER
N,

v CBMARDEILT ' JHA—TE}ET S
Eiffrardr i UADASIC

-
t_]]‘ time-stamp
o
Fr R 128+2(test channel) —1 10
ADC bit 5 bit o
TDC bit 14 bit >+ [
B BB TER S N BEESRCSAIL & > THS N
Sh. ZO®REHESIEF2DODORKICH TSNS .

— fast SHAPER, slow SHAPER ~
DISCR LOGIC

K.Kasinski, et al. SMX2.0, SMX2.1, SMX2.2, Manual v4.00. 2021.

(zmmonn ) fast SHAPER ]

ERES

— tdcBifE%#8 X 1= fast SHAPER&EH(ES
Z{E> TtimestampZ 2%k
tdc_throgt-_A\-=-----

X tdcEfEZB R RN id, 1IEUWdcZEEU AL |

ADC LOGIC

— B{EadcBlfE%#B A /- slow SHAPER4& RS adc_min_thr—-\- - -
DadcfE% Tk

X FifadcEfEZEZ AR FNIE, hitE#HZEEHEL L

[ﬁ SHAPER ]
£BIES




VRef T
VRef P
INPUT

m

DIGITIZED
OUTPUT

B

~
S~

YYY

ENCODER

TRIM DACs

\§

COMPARATORS
VRef N

Figure C.2: Block diagram of the SMXv2
flash ADC [19].

V;e _V;e
m:wefp+( “’31 fN)xdz-




Gain Typ: 1.14 VIV
JoCSA PS time

Discriminator

DISCR TH2 GL
@ vormparator Tl,Tz
! rlﬁIdeﬂIJh oo O o

g CHT Lt

— counter
@ bin e a
“~ DI$CR_IREF_GL
DI$CR_DISABLE >
Replica (1/5) =
100u/320n

976 mV - 1037 mV IN_SH=32
TRIM_VALUE

¢ 0-31uA 13uA @ IN_SH=32
6-bit trimming DAC @ <—
IN_SH

Viast = Vinro_giv +  Av,

trim correction




Other detectors

<,

UT3_timestamp

UT3 # >
T E16 clock D E >
1 STS clock smx_tdc

0
SMX | ks . >
0 [ B > > trg_emu_tdc
GBTXEMU oke >
A —
0
GERI % 0l *
hit_geriTimestamp trg_geriTimestamp current
geriTimestamp

Figure 4.12: Illustration of time axes and event timing in the STS readout system.

B¢

When no trigger
is received

time

reject latency
search window

ﬁ & ﬁ When a trigger
is received

&
\—"

X

<
-

;‘

VI

trigger latency
match window

fine selection

>

coarse selection

—* __lwag)



Intro : &/\U # Y #33
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E R DIRFE

IEAFH

QCDHE*

=7 - OiwtjD
aEEELI AV

-
S
- -
- -

Baryon Chemical Potential (= /\J # YV #EE)

IEes (REEE—L)
R, T —YEUS

‘ -
BHRIXILF—/syy=8GeV (BIRZEEHIE) DERFAIEEIC

*K. Fukushima and T. Hatsuda, Rept. Prog. Phys. 74 (2011) 014001

D XM
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4. Current status : My Study Plan

B Data taking in two vears

2023.6 E16 commissioning Run (Run 0d) Done
2023.11 Beam test at PF-AR test beam line Done
2024.3- E16 commissioning Run (Run Oe)

2024.?  Participation in miniCBM

9/16

i > What | have done

1. STS installation at Run 0d
- STS Chamber Installation
- LV/HV power supply cable Installation

Power

LV outV [V]

e |Vmeas [V]

Imeas [A] .\

P 2.5V

OFF

6.00 Fix

6.00

6.00

P 2.3V

OFF

8.00 ix

6.00

6.00

N 2.5V

OFF

F
2.50 Fix
F

6.00

6.08

N 2.3V

OFF

2.38 ix

6.00

6.08

HV outV [V]

Ramp

RampStop

N/P

Vmeas [V]

Imeas [uA]

0.00 Fix

Up

Down

Stop
(Reset)

N(+)

-1.87

0.0

B())

-1.88

0.0

........

- Signal lines and device(Repeaters, GBTs etc.) mstallatlon

2. Development of power management system
- Power supply manager GUI
- monitoring system using Prometheus/Grafana

3. Found difference with manual for data frames from FEB

- Bit misalignment of timestamp of hit frame
4. Beam test at PF-AR test beam line

MPower supply

manager GUI




3. Beam test (@PF-AR test beam line)

v Test experiment at KEK's PF-AR test beamline on 2023.Nov.17-21

B PF-AR test beamline

v’ Test beamline for instrumentation testing constructed at PF-AR (At Photon Factory -
Advanced Ring) at KEK's Tsukuba Campus

v A wire target is placed in this storage ring to produce photons, which are injected
into a copper converter to produce electron-positron pairs, and electron beams up
to 4 GeV/c are extracted to the test beam area.

PF-ARBIRER 1
testarea | 4 e
) e —LA7—3

P e, P

1\~

T

@ | FAME—LTYT

s '

|
ey

PF-ARNEZE b L g

U —bo—LEE 2




2. Beam test in November 2023 (@KEK PF-AR)

v’ Test experiment at KEK's PF-AR test beamline on 2023.Nov.17-21

B Purpose
v’ Streaming DAQ_ test with beam & sensor performance evaluation

B Setup (Side View)
STS chamber

Plastic scintillator

S1

Plastic scintillator

S2

Beam

e STS chamber + 4scintillators
* Beam Momentum : 3.0 GeV/c

* Coincidence rate: average 30 Hz
* Active area of 1 cm square limited by scintillators (S1 & S2)




4. BERHER : Hit profile&|

SR 7 AR HE

Counts

m Hit profile

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

Green : w/o selections.
Red: ¥V FESDgeriTimestamp D
g 20tick (£0.5 us)dDt > Hhit.

Hit profile (Odeg 108 N-side)

— w/o scintillator coincidence
— w/ scintillator coincidence
using gerilTimestamp

AN

L L

v Beam®DXKXZE & x:6cm y:4cm

— DAQY AT LHIEEIC

§b< I tEﬁEwu\Tgrg

1000

’ 200 I I 400 800 )
I Strip ch [ch]

ARMD YV F BB UL IEEFDLE VT hit

m [R5 EREE
e SMX TDC %= B\ T

Counts

sensor_hit_adc

- FEDHEEE
— E16EBROEFZ MY

: 4.8 nsec (0deg108N)

8000 —
7000 f—
6000 f—
5000 f—
4000 f—
3000 f—

2000 |—

1000 —

.+ o= 153 [tick]
= 4.8 [nsec]

— 2 2
[ Oqiff ‘\/O-sci. + Osensor }

-65 —60 -55 -50 -45 -40 -35

Sensor_tdc- Scinti_tdc [tick]

Sensor_tdc- Scinti_tdc [tick]

— A0 T —)LiF{EadchitickdHD




2. Beam test in November 2023 (@KEK PF-AR)

M Hit profile

* Coincidence hit of scinti. signal and hit
of sensors

Sensor hit 20 ticks ( = 0.5 ps) before and
after the geriTimestamp of the scinti. signal )

o0 Hit profile (Odeg 108 N-side)

100

350

Counts

300

250

200

150

100

50

OC 260 4:)(‘)‘“ fsoo 860 e 1JOC
Strip ch [ch]

Sensor hit of electrons passing (1ch=58um)
through four scintillators

— Successful data acquisition.

B Time resolution

sensor_hit_adc

N

E16 Required performance
STS time resolution : 6ns

* Analyzed using SMX TDC .
Time resolution : 4.8 nsec (Odeg. 108N)

— Fulfils the requirements of the E16

8000

0 =
s 1tick 9=
o — .
o E 1.53 [tick]
5000 =~ =3.125ns
g = 4.8 nsec]
4000;
3000 = 5 2
2000 ; adiff = | Osci. T Osensor
1000; .
oL | I MR B e e HP B
70 —65 60 -55 =50 -45 -40 -35

Sensor_tdc- Scinti_tdc [tick]

— Tail on right side

by low adchit
(timewalk)

~60

Sensor_tdc- Scinti_tdc [tick]



4. RERRER : RIME

8/11

H Th3 YV FESDgeriTimestamp DI _ .
ERiLR) = { 20tick (0.5 us)D &> Hhit } [ Geometrical cut ]
>3 Fhithc 575 Uk “or .
~ 2 Fhitlcahn L7e Odeg 108N | 99.85 +/- 0.03 %
Y= = EYThitd/XY ‘ J / >
2 Y Fhit# 16deg 108N | 99.77 +/- 0.02 %
B 12D AL K CSM)I( 720) _\/Red ................................
] _yre sl ar FEEEH
v FEB®Dtimestamp, SMX TDC
%1§ 2 —C@Hﬂwg%ﬁﬂj p— / GBT PC

FEB(P,

4 1
Sensor

$10 ASH(1 BEEASH) TR B0%ICTEE e - |

YU FEFSMX TDC D
A 10 tick (£31.25ns)

= Hit profile

900

Hit profile

1
— w/0o smx tdc cut:

99.85 +/- 0.03 %

350

700

Counts

300 — w/ smx tdc cut: 600

96.0 +/- 0.1 % 500

400

250
200
150 300

100 200

50 100

e\, Jaim vttty st ey it A Ny

0

«wfj Odeg. T08N — w/osmxtdccut: | 16deg. 108N

.
- Lons - o

99.77 +/- 0.02 %

— w/ smx tdc cut:
60.0 +/-0.3 %

J L . T l

Ly taAinrirtel PR L L
200 400 600 800 ~ 1000 0

Strip ch [ch] (1ch=58 um)

o
o

L ! | a "
200 400 600 800 1000

Strip ch [ch] (1ch=58 um)



: ¥ % 1 Fhit
B 16deqg hit ®adcs % Hit profile (RED) Hit profile (RED-BLUE)
vs adc vs adc
Hit profile 16deg. 108N zoc aof-

Counts

20 I 1 I
I

600

|||||'|\”|'\\|"l| byl 15:— ! b
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_ W/O sSmx tdC Cut ° III’|J"\:||,‘ I‘"|J||| \ Il w II
i — w/smx tdc cut 5 UW | »‘ 5& # WM&W 'w '

|\|
|
| 1l
O 00 /00

Strip ch [ch] (Tch=58 um) Stri|c1>0(2h [ch] ‘ Strip ch [ch]
{EadcDhitDtdch Eh L L2
m AR . .
- ADCHifE: 1.4 fC tdc_thr— =2 ======7
- TDCElfE : 2.8/3.2 fC ({&/3F strip) J\ ERIES
adc_thr— .
— TDCEMELNADCRELD ST
‘ (= hit& U TE#&RT S IE L WidcZ ek bt:b\)
v {Eadc hitTIZIEL WdcZEHFTETWaL - 12 _— /°
v BOASTE. 1Ry FCEE TEEH sensor | |/

IR IED ., & DB BRI e
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4. EERFER - B %hEE simulationic K3 EE o

B S7RBBEHIESaL—T3Y
> Heed (Garfield)
v tyﬂ%Ed)A:DLCEQTE

ANYy FICEET
B U

| ABTA

N

|

EE@A%%L%H%ﬁ1kﬁ?%@ﬁMI

e ”
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- ‘B3geghN
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!
Adcf‘aﬁﬂﬁ tdcRE BifE [fC]
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FEWT, BREMKRIIEREI D ETEWL
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3. Run-0e (E16 Commissioning run in 2024.5) 5/10

B Residual & R HED R
v GTR3EBDH%E> THIEBR U fctrackz BB\ TEMT
v 1x109° pps, #ZBHLT—5 vy M= EH

ST Residual
B Residual STS Clusters

v HRETADT106 N(X) only TOEMT

Sensor EDEEE(Local x){&K=F

I

| I T S ST A T S A S

FEFE RN B AT ST B R

Residual (local_x) [mm] V

2500 —

local_x [mm]




3. Run-0e (E16 Commissioning run in 2024.5) 6/10

" Residual of. GTR1 B DA E S A
» Sensor LDEER(Local x)K=F ~150 pm

v IXfkFEDresidual %z, local X 5 MM EICRASAAUVHATRADHTI 4w
v STS local x -20 mm~+20 mmTXRR

_ ...—1 Residual mean [mm] F Residual sigma [mm]
Ems%— osF +
— 0_15_ 0.452—
- - t
0.05[— 0'4;
OOE_{(.___*___*___jf______.%___%___¥_ 0-355_
E - 0.3F- Beam-
—-0.05— 0.25; %
““i‘ Beam-> o.zi— ——————————— —eeo--—--2-200 um
S T N P S S A e e TR S
local_x [mm] local_x [mm]

v Local x>-56 mm T 200 um®residual
— GTROIENfREEEEE T D &fineliiER

v {ELocal x (ighH 520 mmig) Tresidual DIEHIIEH S

— STS®D -30 mm ~ -7 mmld, GTROEEOmoduleDBEDEHKZDHMH D,
SENEDOEEZRITS




3. Run-0e (E16 Commissioning run in 2024.5) 7/10

n R
4 .

v BBiAD106 N(X) only TORIT Residual
Closest STS Cluster /

v EEDtrackic LT, STSOTI AT H N lgtp!

~

BETINESH STS Sensor
— EFEDtrackiCRHIEWVWSTST Z RS\ GTR trk\/_/
D =X 3

. Residual local x
RN DI, DEHC T8 %fake trackh (sts_cluster Ix - gtr_trk_Ix)
EBUoTWB Z EICSER ] — — _K_

1400—

<+/-15 45198 042%  w=F

<t+/-2 45417 94.6% "
<+/-10 46077 96.0% "r
No cut 46719 97.3%

OIILLllI' R I BRI PTI JR TR

X Yy FILE 47977 0Resid;JaI (I(;cal_x3 [mm]



3. Run-0e (E16 Commissioning run in 2024.5)

BRI

> Sensor EDEEE(Local X)#K~E

0.8 mm=4o
(@ high Ix range)

(

R S

|residual|< 0.8 mm® STS cluster
'—OC3|_X@<7?@_ ICXH g Btrack D stsaE S A& (Ix)

track D stsa A E (IX)

J

I |

XKerv—DimZz@EBELIchZ Yy 7 ZBRVWTWS(]local_y|< 28 mm )

Local_xf&#F D & &)=

Ix [mm]

oo

V

0.8 |
0.86 [+ i
o.84f—| | 1T

0.8

residual cutBll DIx{&k7ED "% H =R

+
!

i

o

i
+ - ——

i f
fi

|

Hilt
+

i

%

i

Blue: < 0.8 mm =40y high

Red: < 2.2 mm =40 0w

v residual < 40 T #194% D & HH=R"
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HV curre

.| Before irradiation.
= ~2.6UA

3. Run Oe in May 2024

B Increase of Leak Current

> 106 current trend
e Current continues to rise.
e Current reached 11uA.

nts and Beam intensity

* No Plateau was reached yet...

Respond to 2.9E10 beam?
(3 times the design intensity)

After radiation, current quickly
went back and continues to rise.

1stirradiation

-long restdeerease eurrentr r - - g - - - - - - - - - - - - - - -

Y all
* d
Ignore this partT _T L .

“*(N&"sergor)™”

Beam

intensity
(pps/1e10)
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Increase of Leakage current. _ il

IR

« DESY-THESIS measurements are after 105 st 2 SRR

. . 10 10 10 10 10
annealing. The annealing could reduce the @, [om?]

current to half.

DESY-THESIS-1999-040

Sensor volume V=6.2*6.2*320e-4 = 1.23cm3.

... with time (annealing):
lhour Iday 1month I year

% q
1% 2 0.2 9x107
Loy, Wamstorf (92) =2 9x10" Alem
4

10uA which corresponds to 8e-6 A/cm3 E
Fluence = 5.7e8/cm2 for RunQe. ?g f:\‘\

-1 (0

Fluence cannot explain the leakage current v 'Of G
E annealmg time [minutes]
increase.

Evolution of silicon sensor technology
in particle physics. Springer.

Al

7 = aCDeq 22




High-p area dosimeter locations
irradiate.d May24 night-25 morning

0.3m below beam & ERR * Where should we look?
iy » Maybe sensor dose is

E /E?*Liﬁ 't-"j,_f,: (5/25E1R) s =t between 9 and 11.

m—n B H1m ﬁ—“ .
i T % ;ﬂ? | \\ 7" (5/25%1&) e BatCh 9
“4nd i 7% :16 [7| EAsIm ' i » Upstream of sensors.

. — A 1 W 5 :
#7720 Fabim Fmoim « 1.5m below beam axis.
— e [T Lo , Ak » Batch 11:

, R S A% 48] 7
L RO i W : i i  Downstream of sensors.
il LA * (0.3m below beam axis.
g closer to the beam pipe)
g N\ « Close to the beam dump.
wog e Suffer from back scattering
i Faroim by the beam dump,
23 Q2o 0BT overestimate the dose when
T used as an estimator of
" = = sensor irradiation.
Ny F 113 7 [ Bre
l:?:i_ba?ﬁg‘m frar i LA LA 24
Pt LY — LA 56.9mf = A }
IO SEahin DEIOWEBEalil @




Results

Beam
Intensity

Accumulated
# of beam protons

Thermal
neutron

fast
neutron

h Protons mSv mSv mSv
9 Q2F F5 (E—L8, FEASH1ImE) 1E+105E+9 11.1 8.03E+13 L5 0.3 2.8
10 TREHORE (C_LOLMEL jed0se+e 111 8.03E+13 47 04 7.2
11 ETAFVTT LB ETAPS jpi0sess 111 8.03E+413 321 12 17.8
12 || ESEETE (f)“‘m RHSIm e 105649 11.1 8.03E+13 a7 0.2 2.9
13 *5‘§§1\<;;;v§g;;f§§%?~ BN 4105649 11.1 8.03E+13 0.9 0.2 21
19 | SKEORE (& S HGESIM, B | qrageess (101 BOBEH3 0.1 TmxA 05
15 e o 02| 1En0SES (111 8.03E+13 05 0.1 22
16  V2CTART(E—LlE, FEADImE) 1E+1056+9 11.1 8.03E+13 3.8 0.5 12.0
17 VECERT( AW FIRIME ¥ esosess 111 8.03E+13 1558 ) 5.3
18  qetAHT(E—L#, FASImE) 1E+105E+9 11.1 8.03E+13 0.3 0.2 2.9
19  h2BEAT(E—L#, EASImE) 1E+105E+9 11.1 8.03E+13 0.2 0.1 1.1
20 RGIPMBLTF(E—L#, EhSImE)  1E+105E+9 11.1 8.03E+13 0.2 TEBx& 1.0

The number of
accumulated beam
protons is equivalent
to 9.3 hours of
operation at maximum
intensity.

Thermal neutron:
0.025eV - 0.5eV

Fast neutron:
24 keV - 15 MeV.
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Conversion factor from fluence
to dose”?”

* Need conversion
 E16 dose measurements in Sv.
« CBM estimation expressed in 1 MeV-eq neutron fluence.

 Conversion-1 (Energy averaged with some weights(?) )
« Radiation Measurements 178, 107280 (2024)
 https://www.sciencedirect.com/science/article/pii/S1350448724002282

« /ecm2/s ~ uSv/h
e /cm2 = 277 pSv
* | am not sure this conversion is valid in the situation of interest.
« Conversion-2 (energy dependent)
« Radioisotope packet data book 11t ed by JRIA
« /cm2 ~ 5pSv - 500 pSv. (Neutron energy 10"-9 MeV to 100 MeV.)

« These two conversions are quite similar.
e | use /cm2/s ~ uSv/h because this is convenient.

Dose/fluence[pSv cm2]
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