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/ (j: l: &) '— ;é[r)gﬁleters Design In operation
—
0 JL Beam
3 >2/\Y FERLDIRIK eneray 35 MeV 19.9 MeV
Injector 5 MeV 2.9~ 6.0 MeV
e CERL has been developed as a next- energy © 2~ .U ME
generation light source and constructed il
at KEK as a small demonstration voltage 500 kV 390 - 450 kV
machine .
_ Maximum 10 mA 1 mA
* We succeeded in energy recovery current
operation with energy of 20 MeV and -~ 1-3 ps (usual) 1-3 ps (usual)
average current of 1 mA in March 2016 | U”(t’h 0.1 ps 0.25 ps
. : : eng
* This spring the main purpose of the cERL (compressed) (OrprEEEsL
machine study was a beam operation Repetition 1.3 GHz 1.3 GHz (usual)

with higher bunch charge (up to 60 pC) rate 162.5 MHz (for LCS)
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Total path length ~ 120 m
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1. FSP006

KEK3 2739 FERLOBRIK

Present status of the compact ERL at KEK
ok REYF (BT +HH)

oRyukou Kato (KEK)

2. TUPO33
AEBEFHRICIVERS NG

Influence of laser mirror on high charge beam generated by
photocathode electron gun

ofiR BEX (MBHIX) . EE R (ETHHD
oTakahiro Hotei (SOKENDAI), Tsukasa Miyajima (KEK)

3. TUP092
CERLOAFBIZEERDHOMZEFE o= E—LZ A S VT RIE

Beam timing measurement using HOMS in injector superconducting
cavity at cERL

offl BEX (#MtK) , 5% KBR, #d @k, g kiE,
(BIRILF— mgﬁﬁﬁmﬁ)

oTakafumi Okada (SOKENDAI), Taro Konomi, Kensei Umemori, Eiji
Kako, Hiroshi Sakai (KEK)

@ See also: TUP016, TUP040, WEP002

R+ E&

BRE—LNDL—H—Z5—DFE

4. WEPO004

HIRZFECDRIZ & B ILFHETHZAIR

Broadband THz source by means of resonant CDR system
oFRH FN, TV TFTLYUYUE—, SH XM, ik #ELT
g, &F RKX, %4 %, WXx@EmA (§TH)

oYosuke Honda, Alexander Aryshev, Miho Shimada, Ryukou Kato,
Tsukasa Miyajima, Ryota Takai, Takashi Obina, Naoto Yamamoto
(KEK)

25

5. WEP041
CERLASIZERY SA A ED2—ILDRKEARF/NNILROAVT 3=V
High power RF pulsed conditioning in cERL injector cryomodule

oS HE—, X IE1T, HIET KX, WHESR (HA7 RNV RA TS
/av—) ﬁ*x% s kiE (KEK)

oShin-ichi Imada, Mineyuki Asano, Taisuke Yanagimachi, Hiroki
Yamada (NAT), Taro Konomi, Eiji Kako (KEK)

6. WEP044
CERLASIERY 24 AT 2 —ILIZE TS REM E— LERIRER
Long operational experience with beam in cERL injector cryomodule

ollH &R, XE BT, SHIE—, HIET KE (HA7 RNV RX T
/n/—),¢*x%,mﬁméuem

oHiroki Yamada, Asano Asano, Shin-ichi Imada, Taisuke Yanagimachi
(NAT), Taro Konomi, Eiji Kako (KEK)
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2016 NDFER

v Beam loss observation, when the
beam passes the recirculation loop
without collimation

1 Enhancement of the beam loss
reduction when the beam enters the
injector cavities with a slight angle to
the central axis

v Experimental evidence of the
transverse beam halo existence at
different beamline locations

1 Consideration of the longitudinal
bunch tail originated at photocathode

I Inclusion of the steering colls effect on
the beam trajectory

1 Estimation of the beam core-halo ratio

-,

E—L/N\NAO—XAZ T4 DR

2017 DR

1 Upgrade of the longitudinal
bunch tail model

v Study of the effect of injector
cavities rf kicks on the particles
of the beam moving inside the
cavity with a transverse
displacement from the central
axis

I Search for all possible reasons
of the beam trajectory
displacement inside the
cryomodule

1 Forward tail treatment

1 Overall simulation including all
the effects described above

1 Beam loss estimation
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14.35 -8.61 -2.87 2.87 8.61
X (mm)

(g) SCM21A, COL OUT

14.35 -8.61 -2.87 2.87 8.61
X (mm)

(f) SCM17, COL IN

14.35 -8.61 -2.87 2.87
X (mm)

(h)SCM21A, COL IN

14.35 -8.61 -2.87 2.87
X (mm)

8.61

8.61







) 4

C A

H

INVTF

T—IJL
~ DEFE G &

= BE 3K

GaAs7#4+ AV —

A model function used in the fitting procedure is a convolution integral

(1*0)(k)=] 1 (Ko (k-

of the normal distribution f (k)=

s)dk = T f(k—s)g(s)ds,

\ 2707

with the photoemission current function

k=t/7is normalized time
r=a?Dtis photoemission

7 <1 characteristic time

D is the electron diffusion constant

a is the optical absorption coefficient

1 |"| I - I . I
i Time response .ﬁ - Experimental data| | || Probability density
measurement of ﬁ ——LSQ fitting .91 || function for the
s the bulk GaAs lL *} {G =17.340ps; 08F || | longitudinal bunch size
©| cathode at laser | | l
| — 071 I — .
~ | wave length of ll }L 7 =0.757ps. B o =3.3ps;
2061520 nm o N | #=0.757ps.
i ) ;- s
@ o - = |
‘g 04r fI| h’ o 04l | 'I
< an |
I Ial. 03 B || I|
02 I | | |
[ 02} |
0.1 ' N
L 0 I |. s e
0 1 20 40 60 80 100
t (s) x 10710 t(ps)




T—ILDESyFT*

Simulation input parameters

(AN FTF—I

™~

Electrons at the 3.3 ps Gaussian core are
accelerated on-crest by the injector cavities
up to energy 2.9 MeV

Electrons at the tail experience off-crest
acceleration due to its time retardation

Tail electrons exit the cavities with a large
energy deviation of 0.64 MeV

The energy deviation of electrons at the
longitudinal tail results in a horizontal halo
(from the low energy side) in the dispersive
sections

0.015

= _ S C M 8 * @General Particle Tracer

0.01

o005 - -

Number of particles 1E4
Beam energy 2.9 — 20 MeV
Total charge 0.3pC/bunch °
RF frequency 1.3 GHz .
Laser spot diameter 1.2 mm
Bunch length .
default 3.3ps
with bunch tail 100 ps
Transverse distribution _
: ®=1.2mm
(uniform)
0.6 : . ‘
0.4r i 1,1
02+ N -
E o L] *3 i il
oz
0.4 j! i %

y (m)

|
1 Horizontal halo due to
-0.005 . .
energy deviation of the
tail particles in the

-0.01

6 8 10 12 14
Longitudinal distance fram cathode (m)

1
16

l
18

dispersive section
-0.015 -0.01 -0.005 0
x (m)

2[ 1 L
0.005 001 0.015
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e The transverse RF kicks at the injector cavities are a possible mechanism
to enhance the transformation of the longitudinal bunch tail to the
transverse halo. Transverse kicks on the beam arise when the beam
trajectory has an offset due to some reasons inside the cryomodule

+ It was found that the middle o e M- R

cavity has a relative horizontal 1
offset of 2.6 mm \
ignifi i ; HOM |
e No significant relative offsets . ; . RFfeezc;:foirgﬁ
were found for the vertical i o e e ,
. - | | H
alignment of the three cavities e-beam liLr HIT; | [
J 3 f z
2-cell 4|i 1% | ™ X
cavity : E./ : | l \: Input
I 1| coupler
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e The value of the transverse kick depends on the RF cavity phase and of the value

of beam trajectory offsets inside the cavity

1 _ (yﬂ)m 1 l X qV
X out — X in~
(}/ﬂ)out (7ﬂ)o r-me ﬁ}/

(78). 1y gV, > . initial values
= Ty - = k? —kr S(k :
Y out (7B).. Y'in (78),, ¥ mc 2 By ( )( (k)sing+S( )COS¢) e Equations are valid only at
low energy
. <107 )

( k? —kZr )( (k)sing+S(k)cosg);

ASTgZRICHEITHRFEFY U D=

We assume that particles are
moving in parallel to z axis

All the energy-dependent
parameters are fixed at their

BB

=
=

™~

Xo(MM) Yo (MM) Ax’(mrad) Ay’ (mrad)

2.6
2.6
2.6

2
0

-0.2916
-0.2916
-0.2916
0.0003
0.0003
0.0003
-0.2915
-0.2915
-0.2915

0.2837
0.0018
0.2825
0.2837
0.0018
0.2825
0.2837
0.0018
0.2825

/2 T 37/2 27 5m/2
RF phase of the cavity (rad)
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e We have learned that a reasonable amount of the beam orbit
displacement (a few mm) inside the injector cavities can excite
strong enough transverse RF kicks to particles, and the strength of
thgse I;]icks largely depends on the particle’s longitudinal position in
a bunc

e Particles in the core receive more or less similar amount of
transverse RF kicks from the cavity accelerating mode due to their
vicinity in the longitudinal position. Therefore, they move together
transversely

o Particles in the tail receive quite different transverse RF kicks,
sometimes even in the opposite direction, from those for the core,
depending on their longitudinal distance from the core. Therefore,
they start to deviate transversely from the core, creating a halo

e This transformation of a longitudinal bunch tail to a transverse beam
halo by the beam orbit displacement inside a cavity can be a new
mechanism of the halo formation
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(_zHv1 ZHV2 zm@ @H\ra ZHV?@
?"Ei H ijmg o _ 0O Recirculated beam
Y % YRRV YA
Injector cavities
T Buncher cavity Merger
Anode
Photocathode
O Steering coil M Solenoid W Quadrupole o Dipole - xo(:ﬁ)
name T m/A mm coil
' B 4 ZH1 -O 30 3.42 10° 955
;/t::iFas'; ZV1 -0.90 3.2310°
ZH2 0.06 5.93 105
YAVY -0.18 6.07 10° B L2 66 122
ZH3 0.00 5.93 10°
. _ Tl e ZV3 0.00 6.07 10° B L2 B 122
Horizontal o -q r ZH4 0.71 3.21 10°
“oors SR BRIEER ... N, Zv4 318 357105 0 13 9 20
‘ IR | R ZH5 -0.82  7.0710°
Z\V5 0.25 7.48 10° & TAE 288 .
ZH6 -4.90 1.83 10°
Z\V6 1.70 1.73 10° R ae 1o 2
ZH7 -0.43 1.83 10°
N7 0.005 1.73 10° R ae . 2
-5
ZH8 0.00 1.83 10 100 60 140 240

Z\V/8 -0.58 1.73 10°
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e The Integral of magnetic fields Bx(z) is equal
to the incremental of the beam tilt a:

jBX(z)dz _ymep, _ymep, Ay
d e L

e The simulation yields a small entry angle of
a = 0.138° to the injector cavities from the
central axis of the injector and a vertical
offset of Ay = 1.67 mm at the first cavity
location.
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e Parameters of some devices that create transverse beam offsets in
the injector cavities are already known

e The currents values of the steering coils ZHV1 — 8 are known from
the operation log

e The relative horizontal offset of the injector cavity #2 is measured to
be 2.6 mm

* As other possible effects on the beam orbit displacement, we can
think of 1) collective horizontal and/or vertical displacements of all
the three cavities, 2) ambient magnetic fields

Now let’s consider all 3 effects combined together:

1. Longitudinal bunch tail

2. Effects of injector cavity RF kicks

3. Steering coils effects (and other possible effects) on the beam

@ trajectory
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e The first step is to find a right combination of
the halo formation factors, which reproduces
well the measured profiles of vertical halo

* |f one considers the longitudinal bunch tail
alone, only one part of halo distribution (upper
or Iower it depends on the observation point
Iocatlon) can be reproduced

* Upon closer examination a small percentage of
particles (about 1.5% of the beam) outstripping
the beam core in time was detected

SCMS:
3.3 ps Gaussian core
+ back bunch tail

0005 | e ~"'ﬁ"‘

y (m)

SCMS:
3.3 ps Gaussian core

| + back & forward tails

-0.015 -0.01 -0005 0 0005 001 0015
x(m)

-0.015 -0.01 -0.005 0 0005 0.01 0015

X (m) /
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e Itis essential to consider the beam orbit displacement inside the cryomodule
and assume that there are additional beam orbit displacements there (on top of

the steering coil effect), notably due to the collective cavity offset and possibly
due to the ambient magnetic fields

» Let us use the collective cavity offset as a free parameter in simulations and
find the optimum value which reproduces the measured beam halo profiles at
the different locations

e The values -2 mm, 0 mm, 2 mm were tested for the collective horizontal and
vertical offsets of cavities #1 — 3

 Itis very likely that a collective vertical offset of the beam trajectory, due the
misalignment of the injector cryomodule, or due to the ambient magnetic fields,
exists and it is about 2 mm

SCM8: Yoff = -2 mm SCM8: Yoff =0 mm - SCMS8: Yoff =2 mm

0.011 0.01

0.005 - co 0.005 -

y (m)
y (m)
y (m)

BTN TN
-0.005 -0.005Y | r et e VR
-0.01F -0.01

0.01
0.015 -0.01 -0.005 0 0005 001 0015 0.015 -0.01 -0.005 0 0005 001 0015 -0.015 -0.01 -0.005 0 0005 001 0015
x (m) x(m) x (m)
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e To simulate beam loss rates we change some input parameters:
e The number of particles N = 106
* The beam current J = 0.95 mA and the corresponding bunch charge Q =0.73 pC
e Collimators COL1, 2 and 4 inserted in

o Effects of the injector steering coils were also included in the beam loss simulation
 The measured horizontal offset of the injector middle cavity (2.6 mm) is included

e The common vertical offset of the three injector cavities (2 mm) Then the beam
distribution with 3.3 ps Gaussian core with the back and forward tails was tracked

Photocathode DC gun

— Main dump > 00408
, 0 s Main linac ' "
9% 0.0003% 5 -
0.0026% ’ [ T cavities
e M ¢ S i !

North straight section Dump chicane

COL1

‘ COL4 0.0021%
=~ First arc Second arc
. South straight section I LES Seglion g 0.002%
Pl < S S -cfp-o——aoa-jp-a —efjieo— '“Mm}” e———e-fjigre—o- Dhyh : 00b 00077%

0.002% 0.003% 0.0012% 0.0009%
@I Quadrupole [ Dipole [ Sextupole 0 Collimator B Screen monitor
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* Non-negligible transverse halos have been
experimentally observed at cERL

e \We suppose the most likely cause of the beam halo at
cERL is the longitudinal bunch tail originated at the
photocathode, and its transfer to a vertical halo in the rest
of the machine

e It may be the first time to prove that the transverse halo
can be formed from the longitudinal bunch talil

 We may need to consider a different-type of
photocathode material such as multi-alkali to mitigate the
beam loss further

e The space charge effect will be another important factor
In a higher bunch charge operation. They should be
subjects of the further study.







