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Layout of LINAC, BT, Injection to MR

e+ beam is injected into the LER via DR: e- beam directly injects into HER:
The injection BG is not almost affected by the The injeciton BG is directly affected by the
beam condition at upstream of the DR. condition of RF-gun, LINAC, and BT.

Injection Points
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Layout of LINAC, BT, Background(BG) monitors in MR

LINAC

e- beam directly injects into HER
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Most sensitive to the Background (BG) on Belle2. % % 'v',lf?f".' j
The sl\gnals from the Diamonds and the loss monitors are carefully monitored
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‘ he BG low. 5
OHie abérts are avoided by stopping injection when the signals are high.
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. Injection summary of 2027ab

The injection efficiency depends on;

the quality of injection beam
injection parameters such as

« e- beam needs a tuning around RF gun every a few days.
e e+ beam is rather stable thanks to the DR.
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septum angle, vertical angle,---
» status of the SuperKEKB ring

Improvements

(1) e-: The septa have been operating at
25Hz.

(2) e+:The fast strip line kicker has been
used to correct the horizontal orbit for
the 2nrd bunch

(3 HER: The injection was improved by
the current-dependent correction of
the horizontal orbit at SLYTE* in HER.
Now the orbit feedback systems are
working well.

To be improved

(4) e-: Since the injection efficiency of
the 2" bunch decreased due to the
drift of the vertical orbit and the
higher emittances of the second
bunch, the two-bunch injection was
temporarily given up.

(5) e+ charge was decreased to avoid the
BP diamond aborts.

—
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1. Injection tuning <| === RN
« The RF phase in LINAC(SB_3-5) tunings are effective/ o L 15 e e
to injection efficiencies and beam backgrounds.

Flourecent screen monitors were replaced with OTR monitors in BT line
(See talk on “BT” for detalls5

» Especially, MSE.12 is always used to check the energy spread.
« |tis expected that the measured energy spread will be quantified.
An SRM in BT line since the BT dump mode operation in 2022.0ct (See talk on “BT” for detail)
« |tis effective for monitoring beam size, emittances non-destructively.
« |tis expected that the measured beam size will be quantified.
Injection tuning by septum with 25Hz continuous operation@ (See talk on “BT” for detail)
« The angle (and position) of the septum no longer needs to be adjusted as often as before.
« The four septum outputs depend on the temperatures of the output cables or/and the power supplies.

?ollimator tuning in the MR is gne of items for the injection tuning.
See talk on “Belle |I” for deta|8

2. The horizontal orbit FB at SLYTE* in HER 3 (See talk on “Optics issues” for detail)

It was very effective in preventing decrease in injection efficiency which is not attributed
injection conditions.

3. The fast strip line kicker in RTL has been used to correct the horizontal orbit of
the 2" bunch @ (See talk on “BT” for detail)

o Ap=-4deg Real tuning

TS0 %
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Injection issue

1.

Emittance growth in BT line

- e+ BT: The charge dependence of the horizontal emittance is observed.

« e- BT: CSR (Coherent Synchrotron Radiation) effect has been studied as a cause other than ISR (Incoherent Synchrotron Radiation)
The horizontal emittance growth was observed to depends on;

A) The RF phases, sub-boosters in sector 3, 4, and 5 in LINAC
B) Beam charge
C) Twiss parameters of Arcl
D) Dispersion pattern in the Arcl in BT
E) The vertical offset from median plane of the bend chambers in the Arcl
e Vertical emittance growths for both lines are still problem
« Comparison of the miner remodeling of current e- BT lines
1. Make the new straight BT line along the AR-BT line
2. Exchange the chambers in the BT Arc1~3 to narrower chambers to cancel the CSR effects.
3. Install the e- ECS

2. Injection efficiencies for the main rings

« Dynamic apertures and emittances of the injection beam

* Injection efficiencies for both rings depend on beam-beam effect
3. Two-bunch injection in HER (See talk on “LINAC” for detail)

« The injection efficiency of the 2" bunch occasionally decreased due to;
« the drift of the vertical orbit
« the higher emittances of the second bunch

The aperture improvement around the injection point (See talk on “BT” for detail)

DR low emittance optics had been failed twice. — not resolved yet
« There may be some discrepancy about the DR optics between design and real machine.

Test of “Auto-tuning” of LINAC beam (See talk on “BT” for detail)
The wake field cancellation with orbit bumps in the LINAC (See talk on “LINAC” for detail)
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In 2021ab,

we did not measure
the horizontal
emittance in BTp2.
This elementary
parameter should be
measured.

The reason why
the horizontal
emittance growth
between BTpl and
BTp2 is not
resolved.

The dispersion leak
from ECS at SY3
will be corrected by
installation of a
quad at the center
of chicane in the
ECS

in Aug. 2021.

@

The vertical
emittance growth
can be lower by
installation of
residual skew
quads for the
correction of skew
quad components
from the bends in
Arc2-3.

— Previous MAC in 2021.9 —

-mittance growth in the BT line

1nC

Yéx (um) in BTp X
IR B I ML I I
500 * .
4001 =
[ ——
~
2300 ﬁ’.: .
E . - —
200F L A E
: +
[ —
100} — g
r ol
ot Aol P P D D T
0 50 100 150 200 250
© BTpl
Synchrotron
radiation
~+7pum
Y€y (um) in BTp Y
8@._""1""1""1""1_
[ ® Energy spread(2020)
L ® 1st bunch
60 + ® 2nd bunch -
>
a0+ o
m —~
L@ -
£ -
20 bt —
[ —
[ et
0 | L. 1 L
0 10 20 30 40
BTpl

200+

150+

Mat.

Y€y (um) in BTe X
[ | I

-
0100 @

T

Jul/

-

e Usu

. €rgy_spfead

operation/—

yspersion pattern

50/ T =
—
0 /1 | | 1
) 200 40 60 80 1600
BTel
vex=100pum
yey=50pum
at BT2 on Mar. 26
Y€y (um) in BTe Y
206 T T T T
1560, s ]
o~ | Jul. 5
1001 ol A
@ [ o == Jun. 8~
I -

P PR P B

©@

Synchrotron

radiation — Next slide
(30—76um)

@

The deviation of the horizontal
emittance by changing
dispersion pattern is small.

The emittance growth due to
CSR effect is not confirmed yet.

@ The vertical emittance
growth should be resolved.

The slit of injection channel (P.28):

height=5mm, which looks wide enough.

By(Ql4Eend)=31.85m

yey= 50pm—6cy=2.1mm
vey=100pm—6cy=2.9mm
vey=150pm—6cy=3.5mm
yey=200um—6cy=4.1mm
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These horizontal
emittance growths
are not resolved yet.
We considered that
a part of them are
caused by CSR.

For confirming it,
we measured the
charge dependence
of emittances.



Charge dependence of emittance in BIp

. Charge of 15t bunch nd
Measured emittance at BT1 and BT2 Charlge of 21 bunch
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Function = (cé+(cThEFYge in BTp [nC] . . .. .
« The injection efficiencies decreased as the beam

« e+ horizontal emittance was increased, charges of the injection beam increased.
which is suspected due to CSR effect. « The e+ charges had been reduced to less than 2.6nC to
avoid beam aborts.
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By the W&
"Raw injection efficiency”

Current of the injected bunch measured

2 1000F —[ER by a turn-by-turn BPM in the LER
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We have calculated the "raw injection efficiency” using the HER
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the bunch charge before and after the injection. It should, 0.002 MQEAE23 v
however, be noted that this may overestimate the injection .‘,?e.eels E
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injection while the injected beam decays in longer period. 9 6.601 - 309
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-mittance measurements in e- BT line at
ST dump mode

 We had a study time for e- BT for one week from Oct.31 to
Nov.7
« [t was done in “Fuji mode” in which the tunnel work in the half north

area of the ring can be done.

« Electron charge of 0.9~2.2 nC was available while the positron beam
was not available because of works in the DR and power saving.




Summary of the previous measurements of emittance and B-
mismatch(BMAG) in e- BT

® : ye with WS
e ® : yex measured with OTR
1.0~1.InC ® : yey measured with OTR
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Study of CSR in BT-Arcl in Nov.2027

« Emittance growth between BT1 and MSE.10
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BT-Arcl MSE.10(0TR)

Unfortunately, the beam

dump in BT is in front of
the BT2 monitors.

So, we measured the
emittance at MSE.10
(OTR).
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Study of CSR in BT-Arcl

1. Emittance growth dependence
A) RF phase of SB_3~5
B) Charge
« 0.9,1.6,2.2nC

C) Twiss parameter of Arcl using,
« QAF1E, QXD6E

D) Dispersion pattern
e 2 patterns in the Arcl

E) Vertical beam offset from the median plane of the chamber
 Making vertical bump in the Arcl

2022.Dec.13 ARC, Injection, N. lida
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Beam intensity

Energy distribution dependence on the RF phase
in SB 3~bH

MSE.12

Measurement

SB_phase dependence
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A) PF phase and B) charge dependence on transverse emittances

Emittance measurement:
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T. Yoshimoto

ISR+CSR e

Dependence on RF phase
and bunch charge (0.9, 1.6,
2.2 nC), was measured in
this study.

=>

For each bunch charge,
large emittance growths
between BT1 and MSE10

were observed.
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CSR effect explains large emittance growth at a phase of ~2 deg, except the 0.9 nC case.



B) Bunch charge dependence

MSE.10

Measurements 0.9nC
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The measured horizontal emittances

clearly show charge dependency.

2.2 nC

RF phase (degree)

Observed emittance growth is consistent with the CSR effect, but
the measured blowup is still larger than that of the simulation.
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C) Changing Twiss parameters of Arcl

BTe-CSR study @ 20221105

MSE.10, 2.2nC Measurement Operation
A(I)(SB_3‘5)=O° Q-scan resu It @ MSE10 ‘
- SE= 0003% Electron BT Line ot ki T X /
= o e
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D) Changing dispersion patterr(w )m the Arcl
b

BTe nominal optlcs #2

T. Yoshimoto

SAD Simulation

- °
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§ao
Ew
3
220
g
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Z
LE ail o i i
Quae ength o]
SAD simulation
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Ny (m)
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BTe nominal optics #2 is better in hor. Emittance.
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The lower dispersion optics will be simulated.

The horizontal emittance
measured after the Arcl
depends on the Twiss
parameters in the Arcl.
The tendency is reproduced
with simulation.

YEX Meas. Meas.
T. Yoshimoto um] 811 MSE-10

+

246+6

34£6 2405 75

(b)
The measured horizontal
emittances were almost
same for the two
dispersion patterns.

In simulation, (b) gives a

smaller emittance. r



= Vertical bump orbit
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Bump height dependency of horizontal normalized emittance

Bump height d

y of vertical normalized emittance
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2b

T. Mori, M. Kikuchi

T. Nakamura (J-PARC)

Ex, Ez the excitation of the mode

and
the kick by the mode, both,

—
—p

— @ ly=0 are proportional to
Beam

cos (n % ‘y)

According to the parallel conducting
plates model, CSR wake fields are
reduced when the beam passes
through the offset position from the
median plane of the plates.

It has been observed that the
horizontal emittance has significantly
reduced when the vertical bump orbit
gets closer to the top or bottom wall
of the beam chamber.

Quantitative explanation using the
model is in progress.
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E) CSR shielding with narrower ducts

Conditions in simulations:
* Linac RF phase: 86 deg (for minimum energy spread)
* CSR model: steady-state parallel-plate CSR model

* Bunch charge: 2 nC — ISR ON_CSR ON RFwake ON ——ISR ON_CSR ON RFwake ON (h_gap = 0.01 m)

« Beam energy: 7 GeV L
« Jarc R56: 0.3 ISR ON CSR OFF RFwake ON

T. Yoshimoto

5 —— Ty T W T T
2§ 200, !" v !
SE _
3 0 : - - : - : e — T T ? \ L S ! ! 1 ! !
. 2.5_ T I I
% 0.0: i — ;
< _2'5—_ L L 1 1 ! ! ! 1 L ! L 1 L ! ! l L L ! 1 ! E
0 200 400 600 800 1000
| S (m)
BTel BTe? W Gap
m x/y nemit (pi.um.rad) @ BTe1 x/y nemit (pi.um.rad) @ BTe2 s QOOQ'
ISR + CSR + RFWAKE 26/12 129/12
(h=32 mm)
ISR + RFWAKE 14/10 65/11
ISR + CSR + RFWAKE 25/11 91/11
(h =10 mm)
* Inthe BTe, lower duct heights (h = 10 mm) partially mitigate CSR effects. "
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Possible solution to avoid the emittance growth

The Horizontal emittance growth
There is a high possibility that CSR is one of the causes in addition to ISR.

e Current e- BT line

1.  Operate with the vertical orbit near the chamber wall Seen from the side

2. Optimize the Twiss parameters in the Arcl Quad Bends Quad
3. Optimize the dispersion pattern of the Arcs. beam = = R
 Miner modification of current e- BT line /

0. Realign the bending magnet of the Arc to pass the beam near the top or the bottom wall of the chamber.
It is necessary to remake the bellows chamber at both ends of the bend

1. Exchange the chambers in the BT Arcl~3 to narrower chambers to cancel the CSR effects.

2. Install the e- ECS

3. Make the new straight BT line along the AR-BT line

—The beam emittances about the above 1.~3. patterns were estimated;
e Horizontal emittance
« Longitudinal emittance

« e+ BT line
 CSR measurement is planned. — “BT” talk

2022.Dec.13 ARC, Injection, N. lida 21



Horizontal emittance & m Electron BT Line  convergence = 6.554334E-28 _ M. Kikuchi
W O S SR
Microbunching in e- BT =i A TR
Rough estimations were done to study j . . . . : o : ] R e
parameter dependence of the CSR effect: s} ; : ; s e T
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~ P : - = A T e ot act : .
j%g oo - . - PPN N0 o | o .
6 aejg-. et .AREIG : :. : ARC1 :'°° ~- AR:23 : m

mﬂ4|ﬂh:f

BIT ST 222
=00 = M-

Microbunching is caused by this
art standing in the phase space.
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This model assumes CSR can be represented by an integration of the spectra exceeding the threshold(P_,,).
Betatron oscillation caused by CSR at bends can be estimated by taking into account the betatron phase

and its action is defined as “2J.sg Score”.  P_, is very large in Arc1.—CSR effect is expected to be large at Atcl. o



Horizontal emittance

« Both of the measurement
and 2Jcgrscore has the
same tendency;
the emittance increases in
the region where Ads.5 is
negative while decreases
for positive Ada_s.

« Narrowing chamber heights
is very effective to suppress
the CSR for both of current
and the new BTs.

¢(6 mm in Arc1~3)
<& (10 mmin Arc1~3)
< ¢ (6 mmin Arcl only)

<< ¢e(32mmin all Arcs (Now))
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2.2nC, A¢3_5 vs. EmittanceX
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New beam transport line (1) " Veshimots

* Purpose: ISR & CSR suppression at Arc1 => A new straight line is introduced instead of current Arc1.
« Simulation with ISR & CSR is essential to evaluate the emittance improvements.

Initial distribution L
Conditions in simulations:

x/y nemit: 30 um.rad

Bunch charge: 2.2 nC

Beam energy: 7 GeV

Linac RF phase: 86 deg (for minimum energy spread)

mired, 0.4, 26.8 slad), (Xowms, Yowms) = (30.0, 30.0) pv.cm.rad

(@, Bu. @), B,) = (04,266 4,26 ¥ )
004 <10 00—

08 _ 002 5 gici: - los
- 2 o

0,55 000, il - 0.6

0.4 = 3 d 0.4
=002 7 s

0.2 ~rRron 0.2

41 00 -1 0 100
y (mm)

NI CSR model: steady-state parallel-plate CSR model* *New optics is calculated with a full gap of 3 cm for all bending magnets.
i 0: T | Full x/y aperture: 4 cm
e g Current beam transpo straight beam transport
) 150; ...................... _— A 222
H ER g 100; E 150%
:: soé §1°°§

straight beam transport ¥
(design) ;

'O'@S@ : 3
by b
) Q Arc1

Prej; B
Imj Curtesy: M. Kikuchi
Nary 24
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New beam transport line (2)

2001~

150}

sxnrms
(mm.mrad)
—
w1 o
o S

o
o e —
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Current beam transport

isr_d
isr_d
——isr_d

,,,,,
[f csr|off

h_csr |off

h_csr |on

ISR+

CSR

ISR

no ISR, no CéF

100

400

Exnrms
(mm.mrad)

straight beam transport (design)

* x/y nemit: 30 um.rad
* Bunch charge: 2.2 nC

T. Yoshimoto

200 T LN LN LA B B ) LA DL LA L LA LY L B LN DL LA LI N B
| —tisr_off _csr|off ]
- —isr_on_csr |off .
150 | —tisr_on_csr|on ]
toof ISR+CSR 5
_ 4+ ]
I ’= 1
507 ISR i
: no ISR, no CSR ]

% 50 100 150 200 250 300 350 400

'“'HH’WWWWWWW Ll L oLl
WW“MH\ | LWM'\HHWW‘T‘W

New straight beam transport line can

effectively suppress CSR and ISR effects

thanks to fewer and weaker bending

magnets, as expected.
Bending ducts with a full height of 30 mm

cannot completely suppreess CSR.

veX [pm] at the end of BT

ISR
Off
On
On

CSR
Off
Off
On

present BT
53
104
126

new BT
36
46
63
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Longitudinal emittance
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Longitudinal emittance

Simulat

on of Injection

The tolerance of injection tunings to the HER(By*=1mm) are simulated.

By*=1mm

Injection efficiency : QCS aperture + collimators

)_ f
neorBe _cho T
360° J360° &7
Az[mm] = 1.46A¢° g “r
s “T
Initial particles which are tracked ) b

Y. Ohnishi

Tolerance of Injection in HER

from LINAC via the BT line.
yex=118pum

yey=12um X =} ,

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

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

2022.Dec.13 ARC, Injection, N. lida

0.004 ‘ /

0,06 0.04-0.02 0 002 0.04 0.06
dz[m] vs.Ap/p0

S - 95% e T e TS
\ ] 2 5:+0.25% :
AAAAAAA 2OAA )OA L-e 6 0.4 0.2 Ap/op. (.‘0) 2A “ AO 4A “ ‘0 6
2.2nC,Ad = 0deg _
| {98.85.91.95}[%]. €z = 1.09E-4[m] Aperture of HER is drawn
000‘2 28.77imm], Ag = .38[%] using the width where the

injection efficiency is more
than 95%.

Design values of HER are
assumed.

cz=4.9 mm
c0=6.3e-4 27



Longitudinal emittance

Injection efficiency 2Jz of injection beam
'—e— Current BT line(BT end) Simulations Simulations
2 - e T . B B
- ECS,RSG—'0.6m, VC-70 MV 100_ /.:-S:‘Er\.\ 4 2 C —0—(Ejgrsre£t BTdirée(B&er_}do)Mv » ]
L 74 h N & ~ - - o ,Rge=-0.6m, V= I
o ECS,Rs6=-0.6m, V=40 MV o // AN \'\\. - 3 o ECS Rss=-0.6m, V=40 MV e
- d -— % /’,/ . s —- E Lo . ' :
—e— New BT line £ [ NN Sas- % D7'HER apert. B, =1 mm forfo
B ool ¢ NN S LT
e % : § 2k ./ y P
S =
‘é a0l - E15F o _
2 L [—e— Current BT line(BT end) N E Yy, /‘/
3 L | _e— ECS,Rg6=-0.6m, V=70 MV N 18 /,’I, A .
4 oo * ECSRes=-0.6m, Vc=40 MV N - .§:\\ 1 /
- | —e— New BT line - 0.5 i 3, -~ .
E r*\Kizf/J/
| PR PRI RPN PRI PRI EPRPRP RPN okl [P PP IR SR B
6 4 2 0 2 4 6 6 4 2 0 2 4 6
A3 .5 [deg] Ad; .5 [deg]
Result:
e- ECS

e Even with R56=-0.6m Vc=70MV, the effect of lowering 2Jz can be seen.

* Investigation with a parameter of R56 = -1.0m will be done soon.

New straight BT line

« For this longitudinal emittance study, it is better than the current BT a little.

2022.Dec.13 ARC, Injection, N. lida 28



Longitudinal Cost Construction
emittance period

Current BT, no ECS Large Large

Current BT, ECS Large Larger
R56=-0.6m, MV=70MV

Current BT, ECS
R56=-1.0m, MV~100MV ?

New BT, no ECS Small Small
New BT, with ECS
with narrow chambers in Bends no effect very small

« More simulation studies are on going.
« We should also study about Sy*<Imm

2022.Dec.13 ARC, Injection, N. lida

Just in
Small

just in

no effect ?

?

?

?
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7. Injection efficiencies .

HER Initial particles

Initial particles which are tracked =

Simulation

2

T T

T T T
yBe; =118 jom ¥, =12 yom

g

2 32

Injection Efficiency (%)
°
T
ﬁ
(%]
R

e, =250 g yfe, =45 ym

yex=250pm Y. Ohnishi
yey=45um

yBe, =400 um  yfe, =45 jom

97%

1 1 1 | | 1 1 1

Real injection efficiency is much worse than these

T i e e 88% simulation.
. . () s8f 0 .. .
from LINAC via the BT line. [P 30 NS B e Theinjection beam are worse ?
ol \ | Measurement HER TbT-BPM « Emittances, narrower aperture of the
i o _ o.0a2 MQEAE23 o injection region, -
ST Hoe. i it LR, LS 7767070/7 100% AND
T 9 " -
\ 2 09° e The dynamic aperture of HER is worse ?
o it I3 ~VU.
™ o
o > 55%
"‘.,4 .................. glm
z(m) -
Injection tunings Axgy = —0.2mm

| FR | Initial particles

2022.Dec.13 ARC, Injection, N. lida

injection phase: A¢ = +8° A, = 0.04mrad

10ef= L T T T 1 L T T T T T T
Simulation 2.0 s~ YA =100um vhe, =41 jm S iRy BT2, 2.6nC
2 1 2. ; easurement at ,2.6nC :
E ns—\, - E o M— - 8X=250 m
$T_78% 26nC 1 i £ I
. . =250 =45 & = m
57 [T S = 6k Simulation | [YER
Tk 71% 4 f: after injection tuning
° e ‘ee"urnswa 280 e ; 2;6 ‘ée'tur"SGAe 8;0 1000
Measurement |[LER TbT-BPM “Raw”
0.002 " MOEAP22 efficiency ) . ;
20,0015 i 759 « Beam loss in the simulation after 1000 turns
2 . oo l does not reproduce the actual injection
' ~0.64 ffici
50% efficiency.

10ms

« The beam loss after the injection is a serious
problem to accumulate higher current.

30



CGLOPT:EMIT_Y

Dynamic apertures

~ CHI: CGLOPTEMIT_Y [—— CH3: BMLDCCT-CURRENT |
100 T T T T Reoo
k ne:1174  current 1o
80 . i
.30 | ver. emittance i o
adae . 3 g
~1S00
60 60 pm 1598
L S Haood
o ny:393 3 8
- 3005
i =2
-_zuog
gofprm e R I Y ]
22 pm — 100™
ol o !, U, 1 . H
13"%m* 3™ 14h™ 3™ 18hg™ 30" 16""™
6/16/2021
collision single beam
[ CHS: COpLERBEAMLIFE [—— CH3: BMLDCCT:CURRENT |
R e T T T Reoo

Lifetime

~
S

COpLER:BEAM:LIFE

%)

oL !

13"0M* 30"
8/16/2021
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HER

[—— CH4: BMHDCCT:CURRENT |

[ cHa: caHOPTEMIT v

— —
M np:1174

@
S
I

CGHOPT:EMIT_Y
= 3
F
N
[

Hel

3

. 9
w
O

LW

~n
S
1

o ettt

13m0 14" 15" 16" " 18"
6/16/2021
collision single beam

g, depends on bunch current.

[ CH6: COeHERBEAVLIFE | [—— CH4: BMHDCCT:CURRENT

2000

i m
1005

o t
13"Mp* 14"
6/16/2021

Y. Ohnishi

Beam Lifetime and Vertical Emittance

2021b
LER HER
Bx* 80 mm 60 mm
By 1 mm 1 mm
| 800 mA 650 mA
Nb 1174 1174
lo 0.681 mA | 0.545 mA
£y 60pm | 45pm
collision P P
Ey
el 25 pm 40 pm
lfe 8min | 30 min
collision
life 6min | 32 min
single

e*inj: 2.3 nCx 2 x 12.5Hz x 80 %
Imax= 1.5 A for lifetime: 8 min

uAs vy

Ax/oy

Simulation

QCS Aperture +
Collimators + CW On
no machine error

Touschek Lifetime: 3129.9 sec
L R I B A

HER

7 =52 min

Real: 32 min-i

Touschek Lifetime: 490.8 sec

30 ™ T T T |

< LER r=8.2 min}
30 Real: 6 min —
-
-
Rgtesesesefssesescils 6 )

0
6/0g

The lifetimes of simulations don't reproduce the real, especially for HER.
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Injection efficiency depends on beam-beam effect
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. Prospects Tor the tuture injections

LER “Raw” HER
0.002 T T T efﬂciel’]cy T T T T T
MQEAP22 0.002F |
It is said this pattern is 20.0015 5% z MQEAEZ3
. . - " |
similar to the shape of one 2 0.001 1 2
f @ ~064 Q .
of the Belle Il background, 2 50% £
duration. .
0 200 400 660 860 1000 0 200 400 600 8600 16000
~Ims 10ms ~1m5 10ms
2021.Dec.23, By*=1mm Y. Funakoshi
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£ Injection efficiency from BCMbe l
E =

InjEff

A
=
[5)

(=
o
g
= 5 o
a a a
i i 3
™ e o
w w (=]
L= N (s D40 =
S Lttt inniti ek 40% Bl oo et “s ~45%
¢ 40F- ® e . & Jaort S Ll .. p
~40% B il -"‘!":'-'..‘“' N 0 g% Injection efficiency from — J°&
. 30F . . St .30 xr f . . ]
S Injection efficiency from DCCT with™ s20f  DCCT with correction of _:20:
- i i < . . 1
aueE— correction of beam loss due to lift 13‘"% = beam loss due to lifetime :10.:..".‘
= F 2, 1=k 1A
LA | | | | L 4o E = | | | | ] E-
hanMns m m m m m ok L L L L L L L L 40
12 /23330‘;1 22 Eas 22 22 2 e 313gMeS 32" 34" 36" 38" " a8
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Time

7

The injection efficiency from DCCT with correction of beam loss lifetime is lower than “Raw injection efficiency”.

We used injection efficiencies which are corrected the lifetimes.
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Fxample of parameters for L= 1 x10%cm-—~s-1

Y. Funakoshi
I

# of bunches 2345+1 2345+1
Luminosity 1.0 x 103°> cm2s1 1.0 x 103> cm2s!
liotal 2.08A 1.48 A 2.78 A 1.65 A
lbunch 0.89mA 0.63mA 1.18mA 0.70mA
By* 0.8mm 0.8mm 1mm 1mm
G,* 0.154pm 0.154pm 0.211um 0.211um
G, 6.49mm 6.35mm 7.26mm 6.51mm
Beam lifetime 3.4min. 14.8min. 4.7min. 16.9min.

e This parameter list was made based on a high bunch current collision study.
We will aim to achieve the parameter list.

* Inthe process of aiming at the parameter set, we will need to study various issues and aim at the
luminosity with solving issues found and with modifying the parameter set.

2022.Dec.13 ARC, Injection, N. lida 34



Many parameters assumed and see

Req U | red I nJ eCtl O n Ch a rge the backup slide for detail.

Y. Funakoshi

LER - HER

By | NN LU MU PUUULUNLNLINN DO DU DO | - T T 1 1 1 T T
X100 2 102nC/s -> 3nC, 2bunch, x10 7% [16.7nC/s -> 2nC, 2bunch, ;
@ [ 25Hz InjEff=68% (By*=0.8mm) @ o[-25Hz InjEff=17% (By*=0.8mm) |
Sasfoo — o R § 5 5
o I ! -
o | _— o' "
8 1 = 5 ]
s A s I ]
v ot s | | O I T ]
s [ : = ? ? = B nC, 2bunch, |
Oosb . _—99nC/s ->8nC, 2bunch, 1 S —16 % (Bv*=1mi
2k — " 25Hz InjEff=66 % (By*=1rm) Do.sf ik 1m—fn)
&I - | | ] o T
e o — N ] 15 I T N T ] =R
L | -l PR R I | I i1 | 1 I 1 1 I I I | [ o | 0 PR T B S S S T S S S S o S R S S S |_
0 0.5 1 1.5 2 2.5 3 3.5 _ >
Itotal [A] Itotal [A]

« To achieve the luminosity of 1x103% cm-2s-1, the injection efficiencies should be more than

68% for LER and 17% for HER.
« |tis difficult to achieve the injection efficiency of 68% for LER without improving
the emittance of injection beams and extending MR lifetimes
L ER 2021.Dec.23, Byg=1mm HER
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InjEff

~45% >17%
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Summary

* [njection improvements

Some improvements and efforts were effective to realize higher injection efficiency.

The new beam monitors, OTRs and SRM in the BT are very useful for studies as well
as operations.

e [ssues

Oft]zserved horizontal emittance growth is consistently explained by ISR and CSR
efrects.

The source of vertical emittance growth is not understood yet.

Extensive simulation study as well as beam study is necessary to make decision of
remodeling the BT lines or not.

 Narrow chambers, e- ECS, New straight BT line

The bad injection efficiency may come from the emittance growth of the injection
beam and/or the larger dynamic aperture of the HER.

The investigation of the beam loss during 1,000 turn in the LER is ur%ent. Improvement
of injections are vitally importance to achieve the luminosity of 1x103°cm-2s-1,



« To be continued to the new international task force for
Injection---.



Backup slides

2022.Dec.13 ARC, Injection, N. lida
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1. Injection summary

- mittances of injection beams

Sometimes the horizontal emittance(yex) became ~150mm, The emittances of e- beam had been

but it recovered after a few days. It's still a mystery. gradually larger at the last 2 weeks,
which caused the lower injection efficiency.
| ER HER
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1. Injection summary
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2. The horizontal orbits at SLYTEL in HER The horizontal orbits at SLY* in the KEKB
rings affects to the injection.

" X |_| N R Not only the injection efficiency and BG
T h e O rb |J[ I: B at S LY | n | were improved, but the fluctuations were

also reduced.

Orbit correction was performed using Local bump to compensate e —Imennes
for the current dependence of the horizontal orbit in SLY. e = HEERRI S
Now the orbit feedback system was working. : m’l’ﬂ-es ‘Qhﬁ“@mnmm Lﬂw]ﬂm ‘lm
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Current dependent orbit offset @ SLY T**E
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before septum 25Hz
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TM_EVRO:LER:INJ_EFF:BCM1

3. Fast strip line kicker for the e+ 2nd bunch in RTL
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1. Emittance growth dependence
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In the (-) region, yex has a parabolic dependence.
In the (+) direction, there is a region with smaller

emittance.

The correlation with RF phase is small between yex
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A) PF phase and B) charge dependence on transverse emittances (measurement)

2.2nC

1.6 nC

0.9nC

Emittance measurement:
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2022.0%553 ARCpTnjectian, N. lidd"

RF phase (degree)

-5

- L
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Beam optics:

T. Yoshimoto
Beam transport lattice:

BT12

Sec. 3-5 RF phase and bunch charge (0.9, 1.6, 2.2 nC)

were changed in this study.

=>

For each bunch charge,
large x/y emittance growths between BT1 and MSE10 were observed.

RF phase of max. horizontal emittance was ~ +4 deg.

=> |s this CSR effect?
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* zero RF phase gives the minimum energy spread of a beam.



A) PF phase and B) charge dependence on transverse emittances (measurement)

Lon. phase space dist. at BT1 and MSE10 at zero RF phase
T. Yoshimoto
MSE10

Emittances at BT1 and MSE10 (downstream)
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Secs.3-5
RF Phase:

« Linac RF phase changes longitudinal phase distribution.

» A specific phase gives steep longitudinal histogram inside strong bending magnet. => large emittance growth

* In the simulation for a 0.9-nC bunch, there is no double peak structure in longitudinal phase before BT1, although it depends on
bunchylength. 3> it weuldgive less CSR effect. However, the measured results shows a large emittance growth. This discrepancy

is under investigation.
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Optimization of the BT optics to minimize the CSR induced emittance growth

- Betatron oscillation excited by an energy-kick due to CSR wake

| dz(z,8) = —nz(s)Wesr (2, s)ds M
I d.’B,(Z, S) = —n:’z(s)WCSR(za S)dS

Where, W is the CSR wake normalized to the beam energy. If the CSR

wake is constant in a single bend, we can analytically integrate Eq (1),

[ z(z,81) = —Wcsr(z, 51) /81 (m11(s, 81)12(8) + m12(s:31)77:,z:(3))d5 = Wasr(2, 81)1(s1)
5 (2)

l z'(z,81) = —Wesr(z, s1) /s1 (ma1(s, s1)nz(8) + maz(s, s1)n.(s)) ds = Wesr(z, 51)1'(s1)

where, s, and s, are entrance and exit of the bend, and m(s, s,) is a transfer
matrix from s to s,. In a beam line that has many bends, betatron
oscillation due to multiple bends can be obtained by a summation,

[ 2(2,6,8") = Y _ Wasr (2 — mss(sj, 873, 85) [I(s5)mui (s5, 8%) + I'(s5)maa(s;, s°)]
’ (3)
l '(2,0,5") = Z Wesr (2 — mse(sj, 87)9, 85) [1(55)ma1(s;, ) + I'(sj)maz(s;, %]

where, s* is the observation point and s; stands for the exit of j-th bend.

Due to different phases between bends, partial cancellation is expected in
the summation, which provides a possibility of optimization using the
optics.

2022.Dec.13 ARC, Injection, N. lida

M. Kikuchi

Eq. (3) can be rewritten with the normalized coordinate in the form of
() = S womeon (7)) @

where, W, = Wegr(z — msq(s;, s%)), Ad; = ¢(s*) — ¢(s;), and R(¢) = <

(1{}{;;)J B (I(Sj)aj/l%/ﬁsj)\/@>

cos¢ sing
—sing cos ¢> )

(5)

. In the following example, we have replaced the CSR wake with P, an

integral of the bunch spectrum whose frequency is higher than the
threshold given by the parallel plate model. We have defined 2J_score as

2

X4 P2 = L} y( Hx (6)
2J score = X* + P _H;(EO R(Ad;) Hp, ),

Eq. (6) is considered to be a crude measure of the CSR induced
emittance growth.

49



Longitudinal acceptance in HER

This DA plot should be
used the injection

By*=1mm
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No machine error . Y. Ohnishi
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In the injection simulation,

The beam energy where the injection
efficiency becomes 50% is §=*0.43%,
which is consistent to the left figure.

By*=0.3mm
Crab Waist=0%

TDR

QCS Aperture
No machine error

Touschek Lifetime: 606.2 sec

0

5

20

- o 3T
(b) HER

-
-

-

0 5 10
6/0’6

The DA of TDR is the value at
By*=0.3mm, which is smaller
than AX/o,= 10.4 and the
incidence efficiency is low.

So we decided to use
synchrotron injection scheme for
HER at the time.
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Longitudinal emittance Injection efficiency
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HER

Simulation of injections
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Injection efficiency (A}
| S U SN U T

Simulation

LER TbT-BPM “Raw”

MQEAP2 efficiency
75%

— :
— ~0.64
50%

~1ms 10ms

71% 1 £ after injection tuning
2;0 nlae : mlae wlee ; 2;9 ‘Le L s;e ,elee
#turns #turns

e The simulation can not
reproduce the real injection.

e Itis serious problem where
the beam loss after the
injection comes from.
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Assumption in calculation of required injection charge

1L
IinjInjerr = FTife

14}
« Specific luminosity 20
~12
« We assume relatively high values achieved in the high bunch §".' [
current study. an’ 10
s E
« Number of bunches =
@]
« 2345 + 1 (pilot bunch) (2 bucket spacing) o3
. " 6
« Beam current ratio o
. Assume that the ratio is dependent on bunch current product ¥ afh AR 'f;' .
« Required total beam currents e 02 6.4 0.0
« Use the above parameters and calculate required total beam
current to achieve luminosity of 1 x 1035/cm?/s ° =—
. Two cases: By*= 1mm and 0.8mm (In case of y*=0.8mm, specific _ s { = mucmaoomn A
luminosity is assumed to increase by 25%.) i o 1.'%
% 5L 8
. Beam lifetime L=
. Touschek and vacuum lifetimes are considered. Touschek is donf [ 0777
« Crand Cywas determinedigxperimentally. Luminosity lifetime is P e .-
TTOUSChek - CTl—lg gyGZ\from Streak Camer " 0.481"(:;‘1 Cl(:f'ent :mA]L2 o
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beam

Required injection charge (I;,;Inj,[C/sec])

Y. Funako
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