F—AORYZalb—Y3r&
A H 7w

Beam tail propagation & beam loss simulation

40 ps tail propagation through the beam line (201573413

measurement)
Tail loss points and lost current simulation
Impact of collimators into the beam loss

Injector cavity misalignment influence to the tail profile
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40 ps tail propagation through the beam line

» During 2015/03/13 measurement tails 21 ps (laser phase +10 deg.), 42 ps (laser phase +20 deg.), and 64 ps (laser phase +30 deg.)

were tested
» It was found that the tail of 21 ps reaches the dump, the tail of 42 ps goes up to CAM 22 and the tail of 63 ps lost before CAM15

» Thus, for the simulation purpose the tail of approximately 40 ps and of particular distribution was generated in order to fit the
measurement conditions and to keep the beam loss rate on the realistic level of some a few tenths of a percent*

03/13 measurement L —H{(ii#H+20 (~42ps7—JL) http://erlservl.kek.jp:8081/cERL/scrshot/ScreenLog/2015/03/13/202203
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Simulation background:

> GPT tracking: 100 ps tail, no SC, N_particles=5000, Qtot=0.5 pC
» ELEGANT tracking: LCS optics
» COLs out
» Red — gaussian+tail distribution (setttailgauss*(“beam”, E
sigma=2.2e-12, ttail=0, tcutoff=10e-12)) =
> Blue — gaussianttail distribution (setttailgauss*(“beam”,
sigma=2.2e-12, ttail=0.5e-12, tcutoff=100e-12))
*‘BESARDILF—V
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Tail loss positions X
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Tail loss points and lost current simulation

Peak current, [uA/m] Average current, [uA/m] Tail losses, %
2.21 0.04 0.82

cERL

»Peak current:
PC = maximum(Qtot*f*n/N)
* Qtot is the charge per bunch (0.5 pC)
+ fis RF frequency (1.3 GHz)
* n is the number of lost particles per one meter

* N is the number of particles per bunch (5000)

» Average current:
AC = Int(Qtot*f*n/N)/S
+ S is the length of the beam line (~98 m)
> Tail losses:
TL = ntot*100%/N

a e ntot is the total number of lost particles
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g Impact of collimators into the loss

Tail Tail Tail Tail Tail
+COL1 +COL2 +COL2+COL3 +COL2+COL4

Insertion method top 0.98 mm right 0.94 mm right 2.40 mm right 2.40 mm
top 0.45 mm left 5.19 mm
Loss value
8 8 o LB 8 o LB B oo LB B o 0 B F
<4 £< 3% §< £< £%F §< 24 %% §g< £< = g4 P< S=
&5 <353 XE& A5 €3 X8 A8 <5 X8 A5 <5 X8 A5 <3 X8
Loss at inj. line - - — 026 005 018 039 0.5 050 0.13 0007 004 0.3 0007 0.04
Loss at 15t arc 221 0.16 042 195 0.14 0.38 - - —  1.82 021 034 5% 008 1.22
Loss at 2™ arc 0.39 0001 0.06 039 0002 0.06 - - — 039 0002 0.6 - - -

Loss at dump

---------------

»2015/3/12 measurement*
» COL2 right 2.40 mm + COL3 top 0.45 mm: cam28’Z B2 HY5 TCOL3D _EH 5 %Z F00.45mm T TEEA COL2-right
[F24mmD IR, ULH L. KRERELIFIED > o

* COL2 right 2.40 mm + COL4 left 5.19 mm: COL4-leftZ 5.19mm(limit) COL2(EZF D X X, coL3iFiRW o AU
GRIOT—ILAERA L DICRZ %,

» 2015/3/27 measurement*
- COL1 top 0.98 mm: fHEN S, A7 ZHIDIKRH B, F—F—TJ TOARRFHST PUIRR>TWBHDTE

D TERDOHEAICS SRNIESERT X)
°' COL2 right 0.94 mm: 1st arc entrance loss and 1st arc loss decrease

B, Bg. A, B, T S
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0SS
COL1

During the measurement on 2015/3/27 we tested
COL1 and COL2 concerning its influence on the beam
losses in the recirculating loop

First, COL1 (before the merger section) was inserted
from the top up to 0.98 mm to the beam center while
the beam was stretched by the laser phase to produce the
tail

The same conditions were reproduced in GPT
+ELEGANT simulations to reproduce the COLs
influence on the beam loss, observed during the
measurement

COL1 top 0.98 mm fFiEA 6, a7 ZHID IR 5,
W7 — 2 TORRAEMS T (P LTV 20 ﬂ

72D, TERDME ST 5 RNUEERY R)

2015/3/27 measurement

COL1 Limit [mm]
A(Left) 2.00 3.5mm T 177812
B (Right) 0.78 UL AN

6 C (Top) 0.91 2.2mm Cel )7 —
D(Bottom): 1.11 PUEIANG,

Impact of collimators into the beam

~
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*2015/2/6. oA AVEITEFER
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Impact of collimators into the beam

loss - COL1

Loss point

cERL

0.06
Tail loss positions X
0.05 | .4
i
0.04 «
$
g 003F
>
X 0.02F
1%t arc 2nd arc dump
0.01}
OIHH |||ﬁ| | ‘M
I f{0 ]
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0O 10 20 30 40 50 60 70 9 100
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current,
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1.95

x 107
T

Lost current

151

101

Lost current, [A/m]

Average Tail losses,
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0.04 0.94
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~ Impact of collimators into the beam
0SS e

Move Step LS Drive Stop
e |® o @ Current Position 2466mm __seon | @ @
= ° CcoL2 = Set step 30.00mm  seout | @ o
COL2 ChA Left Move Step LS Drive Stop 25 Temperature
Curent Posiion 2506 mm  se
SSSSS . [ 500mm _seour : : @ 2 CoL2
® STOP Slowly

> Step 2 of 2015/3/27 e
measurement. COL2 (merger
section) was inserted from the right
up to 0.94 mm to the beam center
while the beam was stretched by
the laser phase to produce the tail

STOP Slowly

coL2 -
» As the simulation result expected COICTIN. ST *
the 1%t arc loss will decrease and 214 wio [ 3000mm _swor | @@ "

s<|+nljx|\ ol [b=(ala(gafm || oo 8 -|
2 09 1E-44 0.1 4 104

arc loss will be almost the same

CoL2 right 0.94 mm
1%t arc entrance loss and 15t arc loss decrease
2015/3/12 measurement

8
[
4]
2
0

COL2 \_CERUMON;Loss::::;pmﬁem T m——————————") m—vT——— _cmmwm;s:ms.::‘ m
A(Left) : 4.27 PIEIANG, ]
B(Right) : 0.00 6.0mmMNSE17—TJTOOF. 1. 7Tmm C A7 =H| 2D

e C (Top) : 0.05 1.1mm C7HID
D (Bottom): 0.00 =N *2015/2/6. THRAS MAITERR
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Impact of collimators into the beam
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~ Impact of collimators into the beam A
loss

0.02 / | ‘\
COL2 + COL3 0.015 / \\\
L ,"/ .\
> To observe the impact of COL3, the data of w I ‘,/ \
2015/3/12 measurement was used. COL3 - o (_l___L_I. _ | ___| . "|
was inserted up to 0.45 mm from the top, = YT T * 1 ,"
while COL2 was inserted from the right up to -0.005F ' ,
2.4 mm from the beam center. 001} "\\ /
» COL3 insertion from the right side (low 0015} \\\ //
energy) is known to lead to the big increase of Sl 2 W i
the 1* arc loss, so it is ignored , , i | ,
-0.03 -0.02 -0.01 0 0.01 0.02 0.03

X, [m]

COL3 top 0.45 mm
cam?28% BIZM 5 TCcoL3D _EM S ZHI0.45mmE T
A COL2-rightld2 4AmmD E X, ULH L. RERE

CAM28 COL3 OUT

Lidiah - feo —> L .
2015/3/12 measurement S
COL3
A(Left) : 0.28 1.3mm Ce1 )/—JORIBXD. 0.6mmC 17 xHID
B(Right) : 0.82 PUEAN)
C(Top) : 0.44 5.0mm Cep2 7 —2JOXNEP T B, 2.5mmAPFETHIOMNCOVHID(FOsH D
(

@ D (Bottom): 0.70 3.4mm CE17—JORBZX 3D, 2.3mmAETDIOMNIIT7EID(ZOHD
K *2015/2/6. wHaS LVEITERER
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loss - COL2+COL3
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Tail loss positions g
0.05F <
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~ Impact of collimators into the beam A

COL2 + COL4 QE\LL::.]%@'.M’ljr\&\&\eilqm\»\,\;HEI?;\

» Last step of 2015/3/12 measurement was
COL4 insertion left up to 5.19 mm, while
COL?2 was inserted from the right up to 2.4
mm from the beam center (as before).

CERL:VAC: collioa: A: position

» From the Obina-san measurement
2015/2/9 , the insertion of COL4 from top
is recommended (to avoid the loss growth in
1** arc). However we inserted it from the low
energy side to get rid of the tail (see picture =
below) COL2Right:2.4mm, COL4Left:5.19mm, dump B3t

COL4 left 5.19 mm CA28 COL4 IN
COLA-left % 5.19mm(limit) COL2 I3 F D F X, ‘ T
coLsldir\Wico AU BRIOT—ILAVEZ e & S
lt&DICRZ %, e

2015/3/12 measurement

o

CAM28 COL4 OUT
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Impact of collimators into the beam
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Sigma, [m]

Injector cavity misalignment influence

to the tail profile

Tails that can be seen at CAM9, 12, 13 have no explanation in
terms of beam optics

A possibilities of misalignments in buncher, injector cavity and
main cavity were simulated

It was found that the y—shift of Imm in injector cavity position
yields tails similar with those once at the tail profiles

The influence of the y—shift become negligible at the first arc
section

SIGMAX+1MM
SIGMAY+1MM
SIGMAX+0. 1MM
SIGMAY-+0. 1MM
.1 ] - SIGMAX
SIGMAY

Transverse tail size
growth due to the y-
shift of injector
cavity

~

Tail profiles:
http:/ /erlservl .kek.jp:8081 /cERL/scrshot/
ScreenLog/ZOl 5/03/13/202203/

Simulation background:

» GPT tracking: 100 ps tail, no SC,
N_particles=5000, Qtot=0.5pC

»ELEGANT tracking: LCS optics

y = 1T0.1mm,y = +1mm




~Injector cavity misalignment influence

to the tail

cam?9 : default
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to the tail profile

cam12 : default
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CAMI12 — straight section
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~Injector cavity misalignment influence

CAM13 — straight section

to the tail profile

cam13 : default
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Summary & prospect

Several beam tail measurement results were cornpared with the corresponding
simulated results

Summary on the beam tail:
According to the simulation results, reproducing the tail measurements conditions, losses due to low
energy tail (~40 ps) could be up to 0.82% of the beam

Summary on the collimator’s impact to the loss:

COL2 inserted from the right side is a best candidate to decrease the beam loss in 15t and 2" arc
sections of the recirculating loop. However, the total loss (0.82%) doesn’t change.

One should take care of using COL4, because as the worst scenario it could increase the loss in the
recirculating loop from 0.82% up to 1.26% of the beam. But it seems to help to get rid of the loss in
the 2" arc section and in the dump line

Insertion of COL1 slightly increasing the total loss (from 0.82% up to 0.98%) and insertion on
COLS3 slightly decreasing the loss (from 0.82% up to 0.78%), while the loss points stay the same
Summary on tail profiles of CAM9, 12, 13:

Tail profiles on CAMY, 12, 13 (stretched upwards or downwards) are probably due to injector cavity
misalignment. Other possible source of the “beard” could be kicks from the steering coils, and kicks
from the HOM/input couplers

To understand the tail dynamics properly, such kicks should be studied in details




