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Booster STorage ring at ELPH, Tohoku Uniyv.

xR . gay ||| /i P /A >El
e e ] — ectron syncrotron
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Characteristics of EPH BM4 beamline

NKS2 spectrometer X 1 m
Lo
y Z
HSBPM

High-Speed Beam Position Monitor

....... _.EI_._

collimator

February 1, 2023 iR ES - KPR T (R Eis=E)



Characteristics of ELPH BM4 beamline

Radiator image front view

T orbiting electron
| ®
C Beam DCCT
| . x 0.5
(== > £ 00 -
outer side inner side Eos il o
B 5 o lLEAREEY. R
from above g I - o
@ 15| :
2.0 |

,,,,,, 0 10 20 30 40 50 60
( ) %/// Time [s]
— K
%‘
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Characteristics of EPH BM4 beamline

NKS2 spectrometer X 1 m
Lo
y Z
HSBPM

High-Speed Beam Position Monitor

....... _.EI_._

collimator

February 1, 2023 iR ES - KPR T (R Eis=E)



Characteristics of ELPH BM4 beamline

Photon energy tagger

TagF (position)
7 Z

. ® — -
S1PM board Photon beam
Bending Magnet 4

40 mm

Radiator Ey = Fe — Ber | Tagged Photon Beam >

* Energy :0.73 -1.25 GeV

20mm 20 mm  Rate  :~MHz (untagged: > X 10)
Plastic scintillator
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Characteristics of EPH BM4 beamline

NKS2 spectrometer X 1 m
Lo
y Z
HSBPM

High-Speed Beam Position Monitor

....... _.EI_._

collimator
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3 \H lifetime measurement at ELPH BM4 beamline
SHe target

% productlon timing

& momentum

Hypertriton

d-A binding system Photon beam

« ~1 GeV
6@ * Avg. position

A

Lifetime: ~ 260 ps (~7,4)?

p(y, KA reaction

Q-

H

weak decay

Still large experimental
uncertainties

> (@)

decay timing

Precise measurement by the T .
independent method is crucial T = decay timing — production timing

February 1,2023 B CHEs - KRR (P PEsi=s)



3 \H lifetime measurement at BM4 beamline

NKS2 spectrometer X

_ 1 m
TOF2[ i —>
| o

1T HSBPM

e _.EI_._

Expetrimental goal.:
Lifetime measurement with
accuracy of <10 ps

-

Requirements:
*  Beam profile around target position
* Position accuracy — < 0.3 mm

Range Counter

[
] Drift Chamber
ToF Detector

( NS ﬂ_.@
\/\W’ﬁ% Target cell

,
\\

4
1
\

\
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Beam profiling at ELPH BM4 beamline

HSBPM
High-Speed Beam Position Monitor

N\ s

Instant camera & film Scintillation fiber & Multi-anode PMT

w ; 1\ : 20 25000 © Used Only fOI‘
L ® | 10 20000 downstream of
= | ‘ 0 1(5) ggg the beamline

o) ¥ 6 m ; 10 wo ° Averaged
k. pE— 20 information of

— — -20 -10 0 10 20 1 11
non-quantitative & time consuming x (mm) several spills

y (mm)
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Motivation

» Beam profile monitoring for up~middle-stream of the beamline

» Quantitative and real time monitoring

» Accelerator parameter measurement at BM4 beamline

» Feedback to accelerator research

February 1,2023 B CHEs - KRR (P PEsi=s)
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Requirements for the Beam Profile Monitor

Photon — O detect charged particles — X remove
Less material thickness

Position resolution: ¢ < 0.3 mm

Stable operation 1in a magnetic field (~ 0.3 T)
Measurement on high rate (several MHz)

Data acquisition synchronized with beam cycle

February 1,2023 B CHEs - KRR (P PEsi=s)



Requirements for the Beam Profile Monitor

Photon — © detect charged particles — X remove
Less material thickness

Position resolution: ¢ < 0.3 mm

Stable operation 1n a magnetic field (~ 0.3 T)
Measurement on high rate (several MHz)

Data acquisition synchronized with beam cycle

February 1,2023 B CHEs - KRR (P PEsi=s)



Basic design of the Beam Profile Monitor

MPPC board naIOg signal

; Beam
) direction

SRR UCLREE

Basic Structure:

Scintillation Fibers + SiPM Detection part

22 52 x 22 5W mm?
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Basic design of the Beam Profile Monitor

Wave-length shifting fiber

/

)

X layef ylayer  Trigger counter

Aluminum Photon converter

Photon beam

Charged VETO

February 1,2023 ELamHEE - RiFET (RFEYRtsis



Basic design of the Beam Profile Monitor
Charged VETO counter

*  Detect BG events (charged particles)

* reduce thickness & high efficiency

o
‘Y FrE

99 Scintillation fibers
(kuraray SCSF-78, ¢ 0.5 mm)

Btk s - KR (R RYEIR=E)



Basic design of the Beam Profile Monitor

Photon converter

*  Production e*/e” pair

*  Aluminum

i *  Thickness: 0.4 mm

»  Convertion probability: ~ 0.3%

February 1, 2023 iR ES - KPR T (R Eis=E)



Basic design of the Beam Profile Monitor

x layer & y layer

Detect particle position

Scintillation fibers ( ¢ 0.5 mm)
(Kuraray SCSF-78)

3 fibers/ 1 ch=1.5 mm / seg.

15 seg./22.5 mm

—— achieve resolution 0.1 mm
/ 1,000 events (simulation)

February 1,2023 ELamHEE - RiFET (RFEYRtsis




Basic design of the Beam Profile Monitor

Trigger counter

 Event identification

*  Time window

*  Plastic scintillator
(Eljen EJ-212, 2 mm)

*  Wave-length shifting fiber
(kuraray Y-11, ¢ 1 mm)

Btk s - KR (R RYEIR=E)



Basic design of the Beam Profile Monitor
| VETO | ® | x layer | @ | y layer | @ [ trig. ]

Photon beam

e

Only photon events can be extracted!

February 1, 2023 iR ES - KPR T (R Eis=E)



Requirements for the Beam Profile Monitor

Photon — O detect charged particles — X remove
Less material thickness

Position resolution: ¢ <0.3 mm

Stable operation 1in a magnetic field (~ 0.3 T)
Measurement on high rate (severalMHz)

Data acquisition synchronized with beam cycle

February 1,2023 B CHEs - KRR (P PEsi=s)



Requirements for the Beam Profile Monitor

v Photon — © detect charged particles — x remove
v" Less material thickness

v" Position resolution: o < 0.3 mm

1 Stable operation in a magnetic field (~ 0.3 T)

d Measurement on high rate (severalMHz)

 Data acquisition synchronized with beam cycle

February 1,2023 Bt RS - AP E T (R E)



SiPM and the readout circuit

Multi-Pixel Photon Counter
S13360-1350PE / S13360-3050PE
(Hamamatsu Photonics K.K.)

*  Detect scintillation light
* Stable operation in magnetic field

IAAAACI A AR AR AR AL
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Amp. & ToT circuit

- ---- Amplification --
E i Dlgltahzatlon : ': OUTPUT
MPPC : ~_ | !V
i L l
1 ADS000 !  LTC6754
; ———

-
gom:; [
© oi0
= o

]
K

spu 9198
éFou €

10!
3803
11
8

4 2
ST éPou €
51280

OpAmp output (°°Sr S-ray)
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Requirements for the Beam Profile Monitor

Photon — O detect charged particles — X remove
Less material thickness

Position resolution: ¢ < 0.3 mm

Stable operation 1in a magnetic field (~ 0.3 T)
Measurement on high rate (several MHz)

Data acquisition synchronized with beam cycle
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Requirements for the Beam Profile Monitor

Photon — © detect charged particles — X remove
Less material thickness

Position resolution: ¢ < 0.3 mm

Stable operation 1n a magnetic field (~ 0.3 T)
Measurement on high rate (several MHz)

Data acquisition synchronized with beam cycle
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Data acquisition system

Expected event rate: ~ MHz / detector
—> Not possible with traditional trigger type TDC

Hadron Universal Logic
firmware: Streaming TDC !!!

0.97 ns / channel
measure elapsed time up to 33 s
Trigger less data taking

Oftline event selection

February 1,2023 ERRPE:




[1] R. Honda et al., Prog. Theor. Exp. Phys., Issue 12 (2021) 123HO1.
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Photon beam monitoring at ELPH BM4 beamline

NKS2 spectrometer X

y$—'z
BPM3

(HSBPM)

....... _/HC

BPM?2

— =5

Radiator newly developed BPM new DAQ system
2.98 m»l with streaming TDC
5.65m _
10.13 m
0
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Photon beam monitoring at ELPH BM4 beamline
R NKS2 spectrometer X

o~

1-',§: - 3 pis plaYbaCk

i

automatic movable stage
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Quantitative beam profiling

Fitting function: Gaussian + Gaussian
* Beam center position (i)
 Beam size (o)

x103
405— N\ M
30 |- //K(
I
R
-y \
0 5 10 15 20

Horizontal position [mm]

Position precision: Ay, Ac <10 um

Hit distribution /1.0 sec

counts/ s

p—

S

=

4

c

4 O

=

0

o

Q.

©

o 9

: g
X

L >
(e0)

S /SJUNOD

o

0O 5 10 15 20
Horizontal position (mm)
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Measurement Results

Beam Position(p) Beam size(o)

Beam energy dependence No dependencies No dependencies

Increasing with the

B intensit Nod denci - :
eam intensity dependence O dependencies beam intensity

Time dependence

Radiator position dependence

February 1,2023 B CHEs - KRR (P PEsi=s)



Measured photon beam profile

» Time dependence

® Horizontal ® Horizontal
02 é [ Vertlcall 16 [ Vertlcal:
. ' '
& T . toward outer
g ~ circumference - =
— F | &
=. B : —
v — H h
S I ©
E 00 =.—+++ ............. '_._' .................................................... T)/
g ~ small dependence T S+ -
i =
8 () T ................................................................... &3
R ——
_0.2_ | . |
0 5 10

Time in a spill (s) Time in a spill (s)
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Measured photon beam proflle

»  Radiator position dependence

® Horizontal
............................... [ | Vertlcal

Beam position(i) (mm)

Radiator position (mm)

Beam size(c) (mm)

consistent with the result of time dependence

20

1.5

1.0

2.57

e Horizontal

- Outer 31de Ihner side

.....................................................................................................................................

.o-'-"""": f

................ ?6¢oo,...§+

m Vertical

Radiator position (mm)
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Measurement Results

v Profiling accuracy: < 10 um for only 1 second profile

v" Real-time monitoring
v The first measuring of ELPH BM4 photon beam

Beam Position(p) Beam size(o)
Beam energy dependence No No
Beam intensity dependence No No
Time dependence Yes Yes
Radiator position dependence Yes Yes

Radiator position is a significant factor in determining beam profile

February 1,2023 B CHEs - KRR (P PEsi=s)
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Beam direction and Twiss parameter

/

x-x phase space

Radiator movement

direction BPM

: hoton Beam

; ji er(ip ....... Ap- .

—J%\

emittance

vt + 2axx’ + fr’? =

> Beam outer
* circumference
.« Photon beam direction can be predicted
B v from the Twiss parameter of the electron beam.

@ @
U =Trad — EZBPMxrad — (1 — EZBPM) Lrad

February 1, 2023
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Evaluation the measured profile (Horizontal)

%) Of
Fitting function: p = (1 - EZBPM> Trad 1
_ BPMI(gpy=298m) [ =
S o : & =2
g slm |
2 S
5 —
2 2
S 3 4
= « :
S _ST | . . . . |
- 0 5 10
Radiator position(x,,4) (mm) Distance from the radiator(zgpy;) (m)
Twiss parameter@BM4 Photon beam position can extract
(o, ) = (1.18,2.30) — —a,/f,=—0.51 the information of the Twiss parameter
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Estimation of the electron beam profile

al S

— = —=od . constant
Number Of A dt Na (CV cons al’l)

electron The photon intensity 7 as a function of the elapsed time #;

I(t, xraq) = Ipexp(—T'(2raq)t)
S

['(2rad) = — N Decay constant
N 8

> Electron beam intensity distribution
X

Xrad
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Estimation of the electron beam profile

Entries 9837261
eeeeeeeeeeee

Fit on BPM’s count rate

Fitting function:

I(t) = Iy exp(—Tt)

Radiator
—C o
orbiting electron
1 [] 1 L L _
1 1 | 1 | v x mm
4 0 4 rad | ]
outer side inner side

time (s) tirﬁe (s)
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Result of the electron beam profile

fitted range Fitting function: Gaussian

i position u,  —0.066 +/—0.001 mm
_10F size o, 0.803 +/— 0.002 mm
d - Expected o, (wBM4) 0.76 mm
Ra
— 2
1= Ap
s
S 0 g\/2.3o X 13.75 x 10~8 + (0.82 x 6.28 x 10~4)
A ~(.76 mm
107! =
- » Possibility that inserting the radiator affects
Ty, T, the electron beam intensity distribution
Radiator position (x,,,) [mm] » Obtain information of electron beam by BPM
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Summary
> Developed the new Beam Profile Monitor for BM4 beamline

» Beam Profile Monitor (BPM)

® Basic design: scintillation fibers and SiPMs

* DAQ: Streaming TDC (FPGA module (HUL))

> Measured photon beam profile
® Position precision: 10 um for 1 second profile

® Radiator position decides photon beam profile

» Applicable to accelerator research
® Twiss parameters information can be deduced by beam direction

® Electron beam profile at BM4 was successfully measured

February 1,2023 B CHEs - KRR (P PEsi=s)
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Gain of each channels

e 4 photon « 3 photon ¢ 2 photon e I photon

200 5
T I T B
MPPC gain<10% > 130 [~ L S A
& | | | 0.10/—
\-/100 """"" :' """"" ottt j_ """"" i """"" l """""
‘ S ' 0 * ! T =
. s I e =
efficiency /ch~1% ~ © > [ayeey 5 |
£ MO
0 | | | | |
‘ o 1 2 3 4 5
Absolute position accuracy < 10 um 0.00; — T 0
Number of PhotoElectrons

© Relative position < 10 um (movable stage: 3 um)
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Evaluation the measured profile (Vertical)

Fitting function: linear + gaussian x* / ndf 0.2933 /1
0.0 p0  —0.04286 +0.005223
1 —0.04757 £0.001529
BPM1 (ZBPM =3.09 m) 2 Vertical P ;
,é\ 1.0i E ertlca' :
g
—~ 05
2
g i z z z
@)
Q‘—0.5
z
L : : : :
8 N R S S S
-4 -2 0 2 4
Radiator position (mm) 06 o
. "0 5 10
electron beam has x—y coupling Distance from the radiator(zgpy,) (m)
at BM4 radiator
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Rate tolerance of the DAQ system

20 non-paralyzed correction function

N[ k
L i / T

- mT
s 15 1—"(k/T)T
CE : m: true count rate
= 0L k: number that the detector count in a time T
%/ - T: dead time
s r . . DoX _
- - Fit function: y = (pox B m)
g or 1+popix \ p1=7
F L

S S Dead time: 43.3 +/— 2.0 ns

0 2 4 6

Beam current (mA)
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Previous measurement of electron beam size!*!

[4] Y. Obara et al., NIM A 922 (2019) 108113

Estimation of electron beam profile by tagger BIT Ishikawa et “{Eﬁfﬁa‘; :,11111(13/?1169)0122?2;018) s,
counts 10° g
The photon intensity as a function of the elapsed ool
time: £

I(t) = Iy exp(—Tt) _
% 10
The decay rate I" giving the beam size o, B ;
Detector: Tagger (for BMY5) g 1 3
Logic module: MPLM4X0] F
(contains FPGA, Xilinx Spartan-6) 0 F
- NIM-standard signals -
- Scaling every 0.1 second 10~

position X (mm)

New system required for high-rate beam center measurements mp streaming TDC
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SIPM MPPC

File Utility Help

3

Tekfronix

je)
=% 5 photon

t. 16.50 ns
V: 1922 mV

4 photon [T

i 3 photon &

TTAV: 1829 mV
AV/At:

2 photon

k 54 T :}
:’} 5 k‘t‘ RORES -

s J‘:.

\'.'” N 1 photon

46 mV
o

[ V: 3.360 mV
Horizontal

ch1 — Trigger WM | Acquisition

36.0 mV/div 10.0ns/div | .~ 266 mV [ Sample piapEed

a SR:2.50 GS/s 35.94 kAcqs [ 25 Jan 2023

500 MHz RL:1 kpts 15:32:43
February 1, 2023
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NPE

July 2021 Beamtest@BM4
Prototype
Fiber: ¢ 1.5 mm (Kuraray SCSF-78)
MPPC S1360-1350PE

Lascae ISR .
e S e B In Beam
aatll o B (current: ~1 mA)

AV: 3360 mV

Beam test
bias voltage: 56 V
ch: 15
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3 \H lifetime measurement at BM4 beamline

lifetime: ta = (tx- — TOFz-) — (tx+ — TOFg+) ® production position

® decay position

— /’ tracking
missing ~
momentum
( U ) %)
VW = Target cell | \
/ Timing Counter momentum by Drift Chanber
averaged position |’ Drift Chamber in the NKS2 spectrometer
by BPM Range Counter
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3 \H lifetime measurement

Theoretical predictions

- - Nuo. Cim. 46 (1966) 786 ---- Nuo. Cim. 51 (1979) 180-186
—— J.Phys. G18 (1992) 339-357 --~ PRC 57 (1998) 1595

PRC 102 (2020) 064002 PLB 811 (2020) 135916 — - -
PR136 (1964)B1803) ~—@————it— = 1.2 Theoretical calculations -
PRL 20 (1968) 819| ¢ ._ = 1 o NPI.347(1972) — PRC77(2008) E
PR 180 (1969) 1307 R - m< - arXiv:1711.07521 EPJ56(2020) :
NPB 16 (1970) 46| —o— II , - 0.8 :— _:
PRD 1 (1970) 66 : % N N ]
T es i - 0.6~ NPB1(1967) STAR(2019)  —
NPB 67 (1973) 269 i —41&.— | B ]
Science 328 (2010) 58 —EE—I-:—: 0.4 + NPB52(1973) + —
NPA 913 (2013) 170 IE:—'EIE : h 0.2 Rl —_—*: —— -
]| F—— -
- to _ - NPB4(1968 ]
PLB 797 (2019) 134905 —Elﬁa— 0.5 B ( ) A!.I(_)E i
arXiv:2110.09513 (2021)| E;%: n Bl Preliminary :
ALICE Preliminary Pb-Pb 5.02 TeV L .;. | llsgfal o _04:— PRD1(1970) —:
0 100 200 300 400 500 C ]

°H lifetime (ps)

F. Mazzaschi, the ALICE collaboration, APBPS 16 1-A149 (2023)
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Beam profile: Photon event vs BG

[ VETO | @ [ x layer | ® [ y layer | @ [ trig. ] [VETO | @ [ x layer | ® [ y layer | @ [ trig. ]
BPM1 X photon G BPM1 X BG T
§4OO Std Dev 2.929 E Std Dev 3.651
0 10
3300 23000—
c c
= >
S 8
200
10000}
100
T 5 0 5. 10 S T TR

Horizontal position (mm) Horizontal position (mm)

true / halo = 6.663 true / halo =3.716
o, =1.376 +/- 0.003 mm o, = 1.543 +/— 0.014 mm
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GEANT4 Simulation

Gamma rays distribution(z ~3 m)
o

Envies 76678
integral7 666404

1400 1400 1400 - 1400
: ¢ f : e t
1200 - 1200 - 1200 - = Entries 396464
[3) L ) L o + Integral 3.94e+05
%1000 - i %moo :- z %1000 - Y tal
S = I = 60000
=800 S goo[- 800 ~ _
£ L = C g =
2 600 [ 10 2 o0l gsoo_— -
o [ o I C .
€ 400 € 400[ € a0 50000 B r\
(<R F % 9k S =
= | s I = - {\
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ok & 1 ok of.| 40000
-10 5 0 5 10 ] -
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60000 - 45000 F ] B
50000 o e 10000 [ B
. 35000 F- - | 20000—
40000 30000 E_ L N
F 25000F- L -
30000 E 6000 L
. 20000 B 10000—
20000~ 15000 F- 4000 — B
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10000 - o 2000 — O 1 ] | ] I | | ) 1 I ] | | 1
r 5000 C
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GEANT4 Simulation

e"/e” distribution (z ~3 m)

1400 1400 1400 10 1400
1200 [ 1200 |- 1200 [ 1200 . - _
_—~ - _— - _—~ - _— -
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Beam profile: tagged vs untagged photon

| Photon event | @ [ TagB | | Photon event |

BPM1 X tagged photon [ 1BPM1 X untagged photoffrrz=s
’E‘ Sobor  2a0s 'g SaDey 2035
3Q000 L:
= 300
2 2
%
28000 %00
10000 100
0—10 -5 “-0““5 .“10 0—10.“—5 0 -5_._“.10
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Beam profile: ToT cut
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Beam profile: ToT cut
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Measured photon beam profile

» Beam energy dependence (events coincidenced with Tagger)
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Measured photon beam profile

»  Beam intensity dependence
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