SPring..8 The 50th ICFA Advanced Beam Dynamics Workshop on Energy Recovery Linacs

= ERL2011, KEK, Tsukuba, Ibaraki, Japan October 17, 2011 WG5001

Proposal of a Diamond-based Beam Halo Monitor
for an Energy Recovery Linac

Hideki Aoyagi, T. Bizen, T. Itoga, N. Nariyama
JASRI / SPring-8

Y. Asano, T. Tanaka, H. Kitamura

OUTLINES RIKEN/ SPring-8

1. Introduction

Purpose of the halo monitor, Required detection limit
Principle verification tests of diamond detector

2. Feasibility tests using a prototype of the halo monitor
3. Adoption of RF fingers to the halo monitor
4. Operational Experience at SACLA

5. Summary


http://www.spring8.or.jp/

SPring..8
@ SAC LA SPring-8 Angstrom Compact Free Electron Laser

Synchrotron

8GeV Booster 3//’ H. Tanaka, IPAC2011 Invited talk, MOYCAO1

Figure 1: Aerial photo of SACLA.

Table 1 Main Design Parameters

Spectrum Comparison

SASE

h

Spontaneous /J \

—

9.5 10
Photon Energy (keV)

10.5

(*n=e) Ansuajug

Parameter Target Value ' 5
Beam energy (GeV) 4-8 . Deflector ON

Bunch compression ratio = 3000

Peak current (kA) 3-4 g ’
Repetition rate (Hz) Max. 60 %? $
Normalized slice emittance (7 nmrad) o | § 4
Shortest SASE laser wavelength (Angstrom) 0.6 2
Laser power (GW) 20~30 0
K-value setting range 1.1-2.2

Undulator period length (mm) 18

Number of undulator periods 77 Figure 7: Vertically streaked profile of the fully  Figure 8: SASE laser spectrum at 10 keV.

compressed bunch.
Number of undulator segments 18
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"33 Purpose of the Halo Monitor

In order to protect the undulator permanent magnets
against radiation damage, Beam Halo Monitor has
been installed in front of the in-vacuum undulators.

8GeV

Low Emittance C-band Accelerator In-vacuum Undulators
Electron Gun (400m) (5 m x 18) X-ray Laser
® ) : ] | | | | )
% to users
I Beam will be stopped, ‘ 8@%

0,
when beam halo exceed the threshold "o

Schematic layout of SACLA
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<=>» Required Detection Limit

Tolerance of demagnetization rate of undulator magnets
1% /10 year

— Tolerance of incident electron on the magnets
4 x10 14 e /10 year (based on the experimental results)

— Required detection limit <2 X104 e/ pulse
( 60Hz x 24hrs x 365day X 10 year = 1.9 x 10 10 pulse)

— Tolerance of electron loss rate <107

cf. Number of electron through undulators
2 X10% e/ pulse (0.3nC/pulse)
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CS3  How to measure?

|deally

Measure a differential of charge between before and after undulators.

Core monitor Undulators Core monitor

e - = ¢

Required resolution must be less than 10°.

Realistically

Measure a beam halo in front of undulator permanent magnets.

Sensors

N e—
) ————

Direct measurement in the beam duct
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¢33 Configuration of sensors ?

A single large detector with a hole in center.

Bulk diamond crystal Active area
®30-50

O Wide active area
X Fixed aperture

/\ Longer time constant, T = RC

Side edge of
magnet array

A pair of detectors with separate actuators

~ 10 mm A small active area
©) Variable aperture
(O Short time constant

Min.Gap ~ 4 i
In.Gap ~ 4 mm (O Easy to fabricate (small crystal)
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¢33 Diamond detector as semi-conductor detector  eracsoos mrcis

e-h pairs are generated in Beam core passes through

the bulk of diamond crystal. between diamond detectors.

Clamp area

Al electrode (bias voltage) < 0,

\

Al electrode (signal)

CVD diamond plate

26 mm

Active area ) .
5 mm?2 Seen from on the axis
P % Advantages of diamond:
0‘\ Tb - - -
ol ’ - High radiation hardness (durable)

Manufactured by Kobelco

- Good heat resistance (bakable)

- High insulation resistance (low dark current)
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Principle verification tests of diamond detector eraczom, mrcis

8

Carried out at 8GeV booster synchrotron

Diamond detector

Bias voltage = +100V

8GeV electron beam
From booster

Current signal {V / 5002}

0.03
0.02 f

0.01

0.00 -+

-0.01 —

-2

Si PIN photodiode

(for calibration of incidence)

(beam size 0.4 x 0.1) Beam Dump
é_ ....................................... 1
Check of pulse shape L|near|ty check
. 1000 E - -
Unipolar pulse g W'de dynamic range .-
_ S 100 ¢ o
FWHM = 0.33 nsec E 10 .
g 1 ool
\ . _ l’? 0.1 i
ND'SES@Dﬂ?'m'\EfE' One shot measurement | © onq L \LRequhre(IJIIﬂetectllclh lllrlnllfm
1 0 1 2 3 4 TS 10° 10° 10° 107 10°
Time (nsec) T Number of electrons / pulse
(incident electron)

Practical detection limit is 2x103 e- /pulse.
Definition : 10G of noise signal level
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¢33 2. Photographs of the Prototype oIPAG2008, TUPB2A

Installed at 250MeV SCSS Test Accelerator

Seen from on the axis
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Current signal (V/500)

¢33 Effect of Wake Field and their suppression A0, TUREs

Measured at SCSS Test Accelerator
The strong beam core passes through

near the edge of diamond detectors.
Charge of core part O 02nC

The active area of the diamond
detector was irradiated directly

= 2
. 4 [ I
with weak beam core (3 x 10% e). g - Chrage 1 293 efpulse
Y —— — g : ) WE o Tiiter One shot measurement ;
. L emmene| | = 1 mm from the axis
| I HV =+ 100V g I HY=+100V
L h |
. @ 0} 1 o
002 | Jomeeey 5 {003 %
37 w/ filter 1002 >
0.0 | | | | | 'Net signal from — 1 o
4 2 0 2 4 8 8 diamond Cut off 117MHz + 30omHz ] 901 3
Time (nsec) 1 :
The unipolar pulse shape can be ] 0.00 g
observed clearly. - s s 1001 ©
-10 0 10 20 30 =2

Time (nsec)

The effect of induction current can be smeared by
using Low Pass Filters, so the net signal from e-h
pairs that is created by the halo part of the electron
R s beam can be measured.

| Low Pass F|It r
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Profile measurement of the beam halo DIPAC2009, TUPE24

Measured at SCSS Test Accelerator

1000 .

100

10

Signal charge {pC)

Slit width =
10mm

T
Slit size

- width/height

Signal from lower blade Signal from upper blade

10mm —} |

Images of OTR screen just
after beam halo monitor

Scanning in the vertical direction
T T T T | ' | : | T | T T 3
It si HV = +100V

Y

.

-2 -1 0 1 2 3 4 :
Spatial slit

Vertical beam profile (mm) after 50 MeV Injector
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Stability Tests of the Halo Monitor at the SCSS  raczo10, wepesoss

12

Current signal {v/50£2)

Diamond Detectors
in Halo Monitor

10

Halo Monitor Amp

(differential output)
H. Maesaka et al.

(+) ADC
Upper blade ———>{ch 1 ch 1 E__T;I ch 1
| ()
Lower blade ‘—3‘ ch2 ch2 [T ch 2
()
Y P
__ 067} |
& 04l
> 02l
g, 0.0 prmmsr —
Z 02/
£ .04f
© o6l
0T 2 s s s Mo e 0 150 200
Time (nsec) Time (nsec)

(a) The output signal from

the diamond detector

(b) The output signal from
the pre-amplifier.

Current signal (V/50Q2)

Event-synchronized
Data-acquisition System

M. Yamaga et al.

= Data Base

88888

BBBBB

BBBBBB

BBBBB

888888

by ot

238 MSfsec [ 4 2nsecperiod )
0—2047 ch ([ ~ 8usec )

Signal from upper blade

1 Signal from lower blade |

Time ( 210nsec/div)

(C) The waveform stored
at data base.
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SP]CS Result of Stablllty tests iIn one day IPAC2010, WEPEB068

Measured at SCSS Test Accelerator

during machine study during user operation

8.9 spa bl_. ade 3:"1ntegr‘a1{R) ! ! ! & 8,886 T T T T T T T T 8,35
spa_non_hn_1_lower/integral{ spa_non_ct_ch_3/current{R} : : : :
spa-non_hn_1 upper‘ ntegral{l} spa_mon_hn_1_lower/integral{L} —
P spa_hon_| hrl 1 upperflntegral(L) —_— 2
U [ . B R EEER R | EEEE 4 /-\B°685 8.3 ('D
c @) 7
~~ =) c =.
— S < 6.884 8.25 \'2'
aa.a e 2 S "5' o
+— D O BLBAT [o--oofeio b da.o —h
> . . = - 2 o
o : =} = o
52 o Slgnal from Iower blade i o O o - MRLLR MR T fos O
= m o : o
S Jw h,.!"'ﬂllr'l ~ Eowml| < Signal from upper blade [N loa 3
a1 -2 Q
p= W b hwhm. | H"M my s 2 =3
o 5 : ~ L (YO A R EE EER IR TR LI E T [ —— - 8,85 D
< ; o
% e R L S B = B e ont < Signal from lower blade | ] 3
. ' G ot e o L L Lk .. b ~
ot A S N T R SR SR SR i, e’
69:00 18:08 11:80 12:88 13:00 14:00 15:00 16:00 17:00 18:00 19:08 89:6010:08 12:008153:08 15:88 16:88 18:0019:08 a1:088
82/84 82704 82/94 02/84 82/84 02/84 82704 02704 82/84 02/04 02/84 83/83 83/03 83/8383/03 03/0303/03 03/0303/03 a3/03
2018 2A1A 2818 2618 2918 2AlA  2Ad8 2618 2018 2Ad8 PAlA 2816 2610 2018 2018 2618 2818 2018 2818 2018

! l ! !

9am 7pm 9am 7pm
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¢33 3. Adoption of RF Fingers FELZOI0 THOCS
Finger type 0 Finger type 1 Finger type 2
(no fingers) (not covered) (fully covered)

1\ [éleir:gg? 1\ RF fingers 1\ RF fingers
B 2 1) G |

Beam — ——> _— _—

1 1 1
3T 4T T

In the configuration of

type 1, the active Type 1 piamond Type 2  piamond
! . detectors detectors

areas of the diamond

detectors project from RF fingers RF fingers

between RF fingers. (BeCu)

In the configuration of
type 2, the RF fingers
are connected without
bumps.

Al windows

— We need to know,
If the fingers can reduce induced current, and
If the signal blows up by radiation from the finger material.
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IS Reduction of induced current atscss Test Accelerator D,,nglgfc,lfl"ngc():S%

. B T T T T T T T T T T T T T T T T T T T T
Finger type O .
(no fingers)
“ \ 4
[<}
o
= 2| :
w [ 1 Reduced by 1/10 |
=2 - Type 1 100 folds average|
w 0 \NWMAMM.-A—M—-————-—
5 | ]
_ = - Duration has also shortened.
Finger type 1 S, [ Type? . one shot
— W
(not covered)
_4 . . L . 1 L L . . 1 . L L L 1 L L . L 1 . L L L
-5 0 5 10 15 20

Time (nsec)

0.15

The high frequency component is
drastically decreased.

. 010}

Finger type 2
(fully covered)

Power spectrum density
PSD (arbit.)

0-05 Type O

Type 1

0.00 lesmsol. [ AW : . Type 2
0 1 2 3 4 5

Frequency (GHz)


http://www.spring8.or.jp/

rin . . . 16
"¢33  Radiation from RF fingers: experimental Setup uosom woows

Purpose of this measurement is to evaluate a variation of the detective efficiency caused by
secondary electrons and bremsstrahlung that are generated in the finger material.

Si PIN photodiode Diamond detector

t=0.3mm
(for calibration of incidence) /
8GeV electron beam / RF finger
(beam size 0.4 x 0.1) slope~1/3 Beam Dump
....... S | U ._._._._.'__.1|

Al window or BeCu plate

Diamond Experimental conditions

detector

Finger type Material Thickness Pass length

no finger none 0 mm 0Omm
Al window Al 0.1mm 0.3mm
BeCux1 BeCu 0.2mm 0.6mm

BeCu x 3 BeCu 0.6mm 1.8mm
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T3 experimental results and simulation results o woosss

Measurement data were normalized as the measurement value with no fingers is corresponding
to the energy deposition of 0.16MeV/e, which is the simulation result at thickness = 0.

0.24 R e e e e
i ] Monte Carlo

™ i ® No Finger (exp) ] _ _
= g 0.22 A Al Window (exp) ] simulation code:
Q1 m BeCu (exp) 3 EGS5
é:_‘j 0.20 | ' .
c 8 - ]
se L {’ [ fo— Al (EGS)
w o 018F 1 e 4 |- BeCu (EGS)
QO 5 I e ———
o < %* """""""""
< © 016 + gamT }_SY____ ]
> 5
g S Increment of a few %
c c 014 + ]
LlJ — L

0.12 Lt |

0 05 1 15 2
Pass length in finger (mm)

The experimental results and the simulation results are
In good agreement within the measurement errors.

RF finger with Al window can be used for our purpose.
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T3 4. Installation at SACLA PAC2011, TUPCOSL

BL1
T. Hara et al.
0.5 MeV 30 Mev 400 MeV 1.4 GeV
Gun Circular slit C-correction  Energy sit S Q-mag for dispersion PEFRCHLAr TIORIFATALE

476MHz

)

{ (1.8mx2) (1. 8mx24) Chicane (-8m<80) :
Delloctor oot S-band C-band Deflector C.band Coband | | \ Undulators
t fon ; BC1 (Gmxs) BC2 (1.8mx24) BC3 cavity N eman
Injector (R36~d1mm) ' (RS6~-37mm} (RS6~-7.5mm)
Z=0'm Z~13m Z~50m Z~120m

Stepping motors
(harmonic geared)

Upper port for

diamond detector SMA feedthrough connector

ICF70 flange
Vacuum chamber

Beam pipe adaptor

Diamond
detectors

RF finger

The geomagnetic shield box(blue box)
is for beam based alignment.

RF fingers

View port (BeCu)

Lower port for
diamond detector

Al windows
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Suppression of residual induced current

IPAC2011, TUPCO091

Measured at SACLA
without Low Pass Filter

ask Math App MyScope Ultilities. Help Button
29 Mar 11 11:34:11

File Edit Ve Horzidcq Trig Display Cursor

One shot

Upper diamond

piphipsbotn dabituingl L ahrnia A sl a bbbl i
Vert =+ 2.4 mm

L

Lower diamond

2 B AP AA P ar -ﬂwl,wwwwmh P W‘«»-M.— n.hwm.wﬁé w.»,«uﬁw;
Vert = - ':

Signal (500 mV/div)

[ 1C 1 ]

W | T|me(5ns/d|v)

File Eddt Vert HorzlAcq Trig Display Cursor Meas Mask Math App MyScope LUlilities Help Bullon

0D SN 0 A i e o e U O I TAR Y

Ave _10 folds

Upper diamond

S ke

Mly\'nlrﬁ,#‘v‘\ P L e Tt B e e e et

\ Eﬂ{\”' Lower diamond |
T d Vert =-1. 7 mmi

Signal (200 mV/div)

I 200my 0
I 200mv 0

Signal (50 mV/div)

Signal (2 mV/div)

with Low Pass Filter
fc =117 MHz & 300 MHz

File Edt Vert HorzlAcq Trig Display Cursor Meas Mask Math App MyScope Utilties Help Button
Tek Siopped Singlo Seq 1 Acgs 29 Mar 11 11:40:23

One shot

Upper dlamond

e L AN S A P RS PSP S S NN J\.uq

Vert=+ 2.4 mm

;
?

“_f‘\k Lower diamond ’
Py R RS B WL L R R L v J\,a

“Vert=-1.2mm |
W oo oy

| e | T|me(5ns/d|v)

File Edit Vert HorzlAcq Trig Display Cursor Meas Mask Math App MyScope Ulilities Help Bullon

Tok Stopped Single Seq 10 Acgs 20 Mar 11 11:45:54

{Ave _10 folds

P Upper diamond

;..n-\ummvr\-\wqwrw‘.wf. FWEND e T e & e L e WL S AN SO R o

Vert=+ 2.9 mm

_ Lower diamond |
:;i.“_a B Y NN N T N o o PO WP g E AT P RPN, Y SV Y SN Yy

vert=-1./mm |

R Time ( 5ns / dIV)

I zomv 0

5 Onsidiv
10.0GS/s  100pa/pt
B . -300my
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Trend graph of laser power while RF fingers are closed

IPAC2011, TUPCO091

Measured at SACLA

100-shot moving average

—— Upper_finger
Lower_finger

20 ' ' ! ! ' ' ! ' ! ' .
; | VU= + [.if_amm -
E 1 I5 -_ e _.‘; ¥ A S PTG SN 3L ) Tl Y IO b LR | (T (P P ol RO | el 1ok NS YN - ........ '%_-
4] il f i "'"
S’ .1'- EL4t] ___.— ; -
@ : ” ! A : R A
% 1.0 |¥ ': m :!'T“IE“F"' [‘m!ﬁm ..... IW A
'l - I ':i-f,i : H k1 JiM I
ﬂ i ; I : I H - : _"".. i =
7 ! e
© 05 fondn S andit
1 | : i ]
_ - £ VL= - D§1mm : ]
0.0 - i = 1 I:Il:I | 1 1 | 1 L::I | 1
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>
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The laser power did not received a significant change even at the minimum gap.

We conclude that this is an effect of reducing the wake field by the RF fingers.

20
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"3 Profile measurement of the beam halo oot TunCos
Measured at SACLA
107 s v s
10" _ Measured after )

: XFEL lasing During early stage of
ofr machine commissioning

< INp oy

-
-]
|

Estimated intensity of beam halo
(PC)

2
10" ¢ _ o ;
- _Required detection limit o _ _» _____Z__ ___ S o ___7
-3 :
10~ F .
10% L  Signal from Signal from -
3 lower detector upper detector :
o bt
D -1 0 1 2 3

Vertical position of finger edge (mm)

We succeeded in achieving the required detection limit at SACLA.

Notice: When the edge of the RF finger is near the beam core, the
output signals of diamond detectors blow up because of scattering.
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> 5. Summary

1. Purpose of this work
- to protect undulator magnets against radiation damage
- using the beam halo monitor equipped with the diamond detectors
- adopting pulse measurement for enhancing S/N ratio

2. Performances of the Halo Monitor

Practical detection limit is about 2x10° e/pulse. (1ppm of 0.3nC)
Dynamic range is 4 orders. (2 x 103 to 107 e/pulse)

Feasibility had been demonstrated.

RF fingers with Al windows were adopted.

Commissioning of the Halo Monitor at SACLA has been successfully
carried out.

3. Things to do toward a versatile equipment,
- Improvement of lower/upper detection limit.
- Refinement of RF finger structure (reduce gap between a finger and a detector)
- Equipment with a cooling mechanism.
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