Luminosity limifing factors

and the countermeasures
and strategy after LS1.
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1. Beam size blowup

0. 28T
0.26f
0.24f
0.22}
0.2}
0.18f
0.16f

0.14 L .

Beam size blowup is significant in LER.

Beam size is measured by X-ray Monitor
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Beam size blowup : Specific Luminosity
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Beam size blowup : Beam-Beam Simulations

«  Simulation was done for LER with current parameters (85 =1mm) .

« Small energy and large vertical impedance.
«  X-Zinstability is well suppressed at the current working point (tune).

o In the presence of the impedance, vertical beam blowup occurs at certain working points when beam-beam interactions
are factored in.

« Thisis o-mode instability (in-phase oscillation) and is an exponential growth of the vertical dipole and quadrupole moments.
It is called TMClI-like instability.

« Inordertoreduce this effect,
« Increasing chromaticity, different tuning in the two rings.

o Non-linear collimators are also useful for impedance reduction.

K.Ohmi
Y.Onishi
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Beam size blowup : Beam-Beam Simulations (cont'd)

LER Y. Zhang et al., Phys. Rev. Accel. Beam. 26, 064401 (2023)
0.7 L w/o ZT —+— _|
_ HER LER
EL Energy (GeV) 7 4
5 Bunch population (10'0) 5.02 6.28
Emittance x/y (nm/pm) 4.6/35 4.0/20
Beta at IP x/y (m/mm) 0.06/1 0.08/1
70.56 0.57 0.58 0.59 0.6 0.61 Bunch length (mm) 305 4.60
' : Fraction vt ' ' Energy spread (107%) 6.3 7.5
4 Synchrotron tune 0.0272 0.0233
0.8 , , . Damping time x (turn) 5760 4539
0.7 w/o ZT —F— _|
0.6 w/ ZT —>— | 0.8 mA/bunch 1.0 mA/bunch
S 05
E\ 0.45 45.532 / 43.573 44.525 / 46.589
0.3
0.2 3 . . .
0.1° Measure the beam size with changing the vertical
056 0.57 0.58  0.59 0.6 0.61
Fraction v," tune after LS1.
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2. Beam Optics & Orbit

» Reproducibility and stability of the machine are important because small orbit changes can cause large optics
disturbances.

» The measured orbit may not be completely corrected to the Gold orbit.
» Cooling water effect

» Beam current dependence

» The beam pipe is thermally deformed where the synchrotron radiation hits it and the BPM pushes the
quadrupole magnet. Reproducibility may be poor at the same current. Large discrepancies at the local
chromatic aberration correction, wiggler, and injection areas.

» Repeated aborts at high currents result in poor reproducibility.
» Slow fluctuation of orbit over several days.

» Effects of orbit changes due to earthquakes

l
» Luminosity deterioration due to orbit change may be recovered by daily knob tuning.



Beam Optics & Orbit : Cooling Water Temperature (MAG)

There is a correlation between magnet cooling water and orbit variation, but the reason is still unknown.
Under consideration of task force of Cooling Water.
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Beam Optics & Orbit : Cooling Water Temperature (MAG)
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Beam Optics & Orbit : Current Dependence at Strong Sextupole Region in

HER

« The orbit at the SLY (sextupole for local aberration
correction) near the IP has the largest impact on OPTICS.
« A change in orbit of about 20 microns can change
the beta function of the colliding point by as much as
20%.
« The horizontal orbit at SLY depends on the beam current.
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Beam Optics & Orbit :Hypothesis of why orbit

depend on beam current

Quad. moves like yaw
and horizontal shift
if BPM pushes quad.

Crab Sextupole in the HER

Radiation from the bending magnet
thermally deforms the beam pipe.
» BPM and quadrupole magnet (Q) are

connected by supports.
» When the beam pipe moves due to heat

generation, BPM and Q move.
> Beam receives a dipole kick.

BPM and Quadrupole Magnet

The fact that BPM is connected to Q

complicates matters.
» |f BPM and Q are disconnected, the

problem becomes simpler.
» If the connection is severed, Q will not

move even if the beam pipe is deformed _ de
Clﬂd No Orb”- W|” be generOTed- J ‘ Gap sensor measures (AX, Ay) between BPM and

The beam pipe (BPM) is fixed to the

» Beam test scheduled for next operation quadrupole magnet. sextupole.

Relation between BPM and quad. does not change. (see
left fig.)
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Beam Optics & Orbit :

13

Beam optics degradation of unknown cause

» Opfics correction was performed
every two weeks.

» HER beam performance
deteriorates in a few days under
high current operation.

» Frequent beam adjustments reduce
operating efficiency.
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Residuals (measured orbit - gold orbit)

« Residual does not appear to deteriorate in one
direction in about 3 days. However, there is @
correlation between residual and consistency,
and daily differences are visible.

« Temperature dependence?

—Measure the temperature dependence of the
coaxial cable characteristics of BPM using the
existing cable and SG.

*consistency=RMS of x and y positions obtained with
3 electrodes of BPM
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Injection kicker

4. Injection

The beam created at the linac injected to the MR via the DR(e+) and BT.

The amount of beam current that can be accumulated is limited by the
injection beam and the beam lifetime.

The injection system consists of special equipment such as kickers and
septum magnet, and ceramic beam pipes.

A low emittance beam is required for the nanobeam scheme (focusing
the beam into a small size), and stable injection efficiency is essential to
compensate for the short beam life of the main ring.

£75 ABEHODTO
ABC— AOE TITLAR

ARE—L
(F v h—HHRLE <7

€75 LI7

€79 LBAAOTD Ws <3mm BEE—L4

njection kick 75 LuEAD

( K 'l ) ( K2) L)

Table 1: Beam Parameters for a Luminosity of 1x1033/cm?s;
* denotes the values at the interaction point.

Parameters LER HER LER HER
bunches/ring 2345+1 2345+1
Luminosity [/cm?s] 1x103° 1x103>
Lo [A] 208 148 278 1.65
By [mm)] 0.8 0.8 | |
o, [mm] 6.49 635 7.26 6.51
Tpeqm LMN.] 34 14.8 4.7 16.9
€inj [Fe] 68 17 66 16
e xny; ¢ [nC] 3x2  2x2  3x2 2x2
ripj  [nC/pulse] 4.1 0.68 4.0 0.64
Finj b [nC/pulse] 2.3 0.34}-0.65

(v h—HaED

“ Requirement for injection for 25 Hz. riy; =/€ 0O .1y
b Parameters when maximum luminosity was achieved in 2022.

50% less than required !!



Injection : Possible causes of low injection 16

efficiency

» Emittance blowup in the beam fransport line (BT)

» Drift of the emittance of injection beam

» The orbit and emittance drift of 2"d bunch of the injection beam
>

We could not put the injection beam close to the septum plate because of the magnetic field drop —
The horizonal oscillation becomes larger.

» Misalignment in the injection region
» Shorter lifetfime than the design

» Emittance blowup in the beam transport line (BT)

» We could not put the injection beam close to the septum plate because of the magnetic field drop —
The horizonal oscillation becomes larger.

» Misalignment in the injection region
» Short lifetime

MDI, 19.0ct.2023, Injection, N. lida



17
Injection : LINAC and BT Upgrades done in LS1

» Many pulsed magnets and fast kickers(for the 2" bunch) were installed in LINAC
» Tuning for each beam (HER, LER, PF, and PF/AR) becomes better.

» New accelerator structure installation
» Decreased down frequency, and high-energy beam can be supplied.

» Auto-tfuning gives LINAC fast beam rise and beam stabilization.

» Improved the septum magnetic field for HER and enlarging the aperture near the
injection point

» This contributes to injection recovery that is degraded by canceling coil errors.
» DR kicker modification will speed up the DR injection/extraction tuning.
» OITR (Optical Transition Radiation) conversions of the screen monitor

» make the investigation of the cause of the emittance blowup in BT more sophisticated.

» The chambers at bending magnets in the e+ BT 15t arc was vertically shifted.

» A CSR monitor is installed in the e+ BT 15 arc.
MDI, 19.0¢t.2023, Injection, N. lida



Horizontal emittance

Vertical emittance

Studies regarding the offset of the first arc in e+ BT 18

Measured emito

ChiSquare = .@8238 Goodness = .79932%
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. Since the horizontal emittance blowup seems to depend on the

amount of charge, we suspected the influence of CSR and
decided to move the e+ beam closer to the chamber inner
wall of the first arc bend (BH1P) to see if the blowup would be
reduced.

. However, there was no large gap between the chamber and

bend, so it was decided o offset the chamber and bend
upwards.

. In normal operation, the beam is designed to pass near the

vertical center of the bend, but if the offset is set fo 14 mm,
there is a concern that the unexpected vertical dispersion
generates due to the influence of the fringe magnetic field of
the bend. We confirmed it using tracking simulation to find that
the beam tuning will take a longer time than before.

MDI, 19.0ct.2023, Injection, N. lida




Bending magnet chamber
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Seen from the side

5 g Bends Quad
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oy = \ / -
- ‘f;‘— '\ Offset bellows .
K. Shibata

The bellows were replaced with ones with a 13mm offset on the left and right sides.
MDI, 19.0c¢t.2023, Injection, N. lida



» The cause of injection emittance blowup in BTs are still mystery.

» In the next BT dump mode operation in December

» In the e+ BT, we will study if the horizontal emittance blowup in the e+ BT is suppressed or not.

» If YES, we know that CSR is the cause, or if NO, we need to consider other causes.

» We also plan to conduct a study to improve the accuracy of emittance measurement for
investigating the emittance blowup.

MDI, 19.0¢t.2023, Injection, N. lida



5.SBL : What is “Sudden Beam Loss™

Beam signal measured by

Beam loss that occurs suddenly within 1 turn Beam Oscillation Recorder(BOR) & Bunch Current Monitor(BCM)

(10us) without precursory phenomena. = ) o B _ |

Sudden Beam Loss  (SBL) e e S
Horizontal Orbit | 0.5mm

» The cause of SBL is unknown. — A

s A ——
» A significant percentage of the beam is lost :' L L S T T b -
before the abort trigger is applied.  Vertical Orbit i

— Harmful effects of SBL;

» Damage to collimators and other accelerator _ Bunch Cwrrent
components, | |

» Quench of the final focusing superconducting
magnets (QCS),

Large backgrounds to the Belle-Il detector, :

Inqblllty to Store hlgh Current due to beqm qbort. @ 12“':"5:-:.":'1 AL 10 -"al:lII.?'JI.EII:lI‘J--':a‘_rl 1 \%:EI':PJEE4.3 FLen I-EI:II'ITI-“:ln\.ggdc ALaw 1zs0 IIIE:JIEII:'JEB*I: s -]S:l'u?r-:lill:ﬂ-sdi:l =20 1220I':::PGI.3540 i



Beam Abort Categorization

after the categorization:

| AbortsN. | 2022/02 | 2022/03 2022/04 2022/05 2022/06 | 2022 |
HER 1 b2 B7 101 Fi 323

LER 10 29 66 88 65 258
Machine 0 2 1 1 0 4
Unknown 0 0 2 1 0 3

Total 11 93 156 191 141 592

SBL HER 0 b ! 10 L a4

SBL LER 2 B 10 12 21 56

Injection Related 4 16 48 81 24 173
RF/magnet/vacuum

Jearthquake 7 42 33 43 31 162

No particular correlation was found

[023/03/24 Michele Aversano




Sudden Beam Loss (SBL) : Observation

The beam suddenly disappears just before the abort.

Beam loss occurs in both HER and LER, but the damage to the hardware is

partficularly large when loss occurs in LER.

We don't know if it will happen even with a single beam or low current
beam because we haven't operated for a long time.

The starting point of beam loss depends on the tuning of the collimator
and is not limited to a specific location.

Just before the beam loss begins, the orbit appears to move, but its value
is small~O(0.1 mm).

The orbit is changing < O(1mm) affter the beam loss.
No oscillations that could be precursors to beam loss are observed.

Pressure bursts have been observed all over the place and rarely occur in
the same place except at the collimator section.

Regarding the pressure of DO6H3 and H1 collimators there are rapid or
nonlinear increase of pressure depending on the beam current.

Pressure [Pa]

Pressure [Pa]

H-collimators
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+  VALCCG:DO7_L19:PRES

VALCCG:D02 L20:PRES

D06_HO3

D06_HO01 4

5x107

o 1 1
400 600 800 1000
Beam current [mA]

- SBL

I
200

o’ —r—— i 7

X107 |-

2x107

1x107

0

o R L
I T :

| D06_H03

i

P |

22/517 9:00:00

221517 12:00:00 22/5117 15:00:00 22/5117 18

time

1200

1200

1000

800

600

i
400
i 200

0

:00:00

[ww] uauno weag




SBL : Candidate Reasons for SBL

Electron Cloud
SBL should be measured only in LER.—> SBL is also measured in the HER beam.
Curious behavior of the pressure in DO6H3 collimator may suggest the formation of a discharge or electron cloud.
Simulations show that the electron density distribution changes with time and a maximum electron density is on the order of
1E13/m3 to 1E14/m3 - How this relates to SBL?

Fireball : Measured @ RF cavity

The vacuum chamber is made of copper with low sublimation point and collimator head is made of tungsten or tantalum with high
sublimation point.

— The situation has the potential for a fireball to be formed.
This fireball hypothesis could explain SBL (~us) due to the fast plasma evolution (~100 ns at the fastest).




SBL : Fireball

» Fireball : Measured @ RF cavity

» The vacuum chamber is made of

copper with low sublimation point and
collimator head is made of tungsten or

tantalum with high sublimation point.

— The situation has the potential for a
fireball fo be formed.

» This fireball hypothesis could explain
SBL (~us) due to the fast plasma
evolution (~100 ns at the fastest).

Physical process of the “Fireball” hypothesis, leading to fast beam loss

(D A microparticle with a high sublimation point

I hegred by thebeam. Iduced eld: @ The fireball touches some metal surface \

=2 Firsbal with a low sublimation point (e.g. coppef).
Beam dis) P REEN - ""\\_\
;Z;f,“‘e/o >e>e.. i i T "\
\ Udieeeeeerzceceecced

Order of ~s or longer

@) Plasma is generated around the fireball. @ The plasma grows up into C vacuum arc

possibly leading to significan tions with the
ﬂ” Eating the RF- ‘beam particles.
7 Cﬂe"' enegy
\ A/

N
Order of ~100 ns at the fastest



SBL : Work during LS

For preventing SBL
» Replacing domaged collimator head.

» Copper coating of collimator heads (D6H3, DéV1, D5V1, D2V1). (Cover material with a high sublimation point,
which could be the seed of a fireball, with material with a low sublimation point.)

» Installation of permanent magnets in all SuperKEKB-type horizontal collimators. (In order to reduce the electron
cloud effect...)

» LER DO2H4, DO2H3, DO2H2, DO2H1, DO3H1, DO6H3, DO6H4
» HER DOTH3, DO1H4, DOTH5
For investigation the cause of SBL
» AddBOR to investigate beam orbit change in locations that may be the cause of SBL.
» Measure the orbit at two different locations with phase differences.
» Add asimplified version to measure in phase with the collimator, although with less accuracy.

> Ins’lrloll oco)us’ric sensors to observe the sound when the Fire-ball occurs.(D2V 1:minimum physical aperture, D5V 1:.new
collimator

» Add loss monitor for timing measurement



1 Tetsuo AB
l - Acoustic sensor

On the underside
in the same manner



Summary

» There are many factors of limiting luminosity.
» Beam size blowup
» Optics & Orbit
» Beam Lifetime
» Injection
» Sudden beam loss

» Hardware that could be addressed in LST was addressed.

» In addition, monitors were prepared for a better understanding of each
problem and to prepare for future operations.
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collective effects
injection

beam tuning
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» IR Upgrade
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Beam-Beam Parameter

Vertical beam-beam parameter

B, L gy = 25pm gy = 35pm
y+
gy:l: — 267‘6 0.08
"}/:I: I:I: LER &, incoherent
e LERE,
0.07F . e £, incoherent
e HERE,- A |y
Vertical beam-beam parameter (incoherent) 0.06} i '} ¥
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Bunch lengthening is an important parameter.
Here, the nominal bunch length is used. 008002 o4 o6 08 1o 12 14

lp+ (MA)
0,4+ =4.6 mm ’

o.. =51 mm physics run and HBC - High Bunch Current Study (393 bunches)
z_ — .

Beam-Beam parameter in the LER is already large at 0.8 mA. o
Especially, incoherent fune-shift is &, ~ 0.065. (-15% due to bunch lengthening) Y.Onishi




Progress and outlook for emittance blowups of the injection beam

Horizontal emittance yex Cancellation of Exchanging to the balance with budget
growth (Charge dependent) CSR narrower chambers

Low dispersion optics if good under consideration

Horizontal emittance yex ISR New straight BT line No balance with budget
growth (Charge independent)

Vertical emittance yey growth  Still mystery

Longitudinal acceptance Just barely in HER ECS installation No to be completed in

acceptance (already decided) BT1 by 2024
Horizontal emittance yex V. Offset of bending Yes will be studied in
growth (Charge dependent) in e+BT Arc1 December

Low dispersion optics If good under consideration

Horizontal emittance yex Blowup somewhere Low emittance under consideration
growth (Charge independent)  from DR to BT optics in the DR

Vertical emittance yey growth Still mystery

Longitudinal acceptance no problem

MDI, 19.0c¢t.2023, Injection, N. lida



Pulsing quadrupole magnets

Matching
sections

Replace 3 DC quads with 4 pulse
quads at both of entrance and
exit.

Optics matching can be done for
both HER and LER beam:s.

By making beta functions in J-ARC
become small, the beam loss
there will

New opfics af J-ARC
with pulsed quads
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Y. Seimiya
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target e+ capturg sgction

Four DC quads will be replaced by pulsed one.

Emittance growth due to
the fransverse wake field

of e- beam will be
suppressed by the smaller
beta functions with the new
pulsed quads.
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|Before optimization

e+ target

e Y. Seimiya
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2. New accelerator structure

» Mitigation of accelerating structure failures

>

>
>

>

" .
e
o

 -. \\\\E

Originally designed for 8 MeV/m (PF injector), but used at 20 MeV/m ‘i T t\ ‘
(KEKB upgrade) .‘::M - Im' \‘35—- o

7’“"

Degradation that lead to high field emission rate and discharges

Water leaks, field emission , discharge in waveguide, and so on
(29 of 60 units have some problems)

Not only future Y(6S) but even Y(4S) could be suffered

New S-band 2-m-long TW acc. structure

» 5-year upgrade plan to fabricate and install new accelerator structures (FY2018 -
FY2022)

>

>
>

4 units (16 acc. structures) will be replaced by new one. (Unit44 in sector 4 was already
replaced in the summer of 2022)

New acc. structure: acc. gain 17%, surface field |20% (reduce breakdown)

H. Ego
New pulse compressor (SCPC) was also developed and installed in Unit44.

MDI, 19.0¢t.2023, Injection, N. lida




35
3. Fast kicker for 2"9 bunch orbit correction

Ceramics Chamber with integrated Pulsed Magnet

Magnetic field type kicker with four parallel coil wires

The current configuration described above
« Parallel and anti-parallel currents generate horizontal dipole magnetic field (verfical beam kick)

Two fast kickers will be installed at the LINAC end and the electron BT line in this summer.
« Prototype one was already installed at J-ARC in summer 2022.

. o | ©
M «_ dipole
= AV field
L ®

T. Kamitani, T. Natsui

MDI, 19.0¢t.2023, Injection, N. lida



1. BT ARC4 alignment

Gy (mm)

MDI, 19.0ct.2023

Gy(mm)
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OMFSES

Official Design of HER line in the KEKB era
QMDICEM r_/_”__- BT
_ — . 1 | PR | ! oy
C ol o]+ [ = - - The QI4E position was offset by (2.9mm,-
e 2.73mm) from the BT coordinate system.
T i e P - The position of the electromagnets in the
T T T T T [ 4th arc was different from the "Official
T e e e S i Design" Opfics.
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MIEQUENRENHEEY > FE- L3 - ORATHE.

Using the straight part of the ramp as a
reference, align the last four Q magnets and
the BPM (about T mm). All four Septum
magnets need adjustment.

S & KO TH0ThE. $OROTETEEITERL TS,

* Example of septum angle adjustment
Xiw: =36mm Px... = Z.44mrad

Analysis of measured electromagnet positions (2018)

- Both BT and LER electromagnet positions are misaligned by about AGy
~2.5mm relative to design

- Relative relationship between BT and LER electromagnets is almost
correct.

Using the straight section of the ramp as a reference, change the bend
angle of the 4th arc Bend design Align the B and Q magnets with the BPM
for the changed Bend. Septum needs to be readjusted.



Dynamic

Recently, a wrong fabrication
in canceling coil has been
noticed.

Reflecting this effect, all
injected particles no longer
entered in the DA as shown in
(d).

However, by widening the
aperture near the injection
point and by an improvement
of the magnetic field of the
septum magnet in LST,

it was found that the situation
recovers to some extent as
shown in (c).

In the future

Tracking simulation of
HER injection under the
conditions below to
obtain the injection
effiCk®N @Yct.2023, Injection, N. lid

aperture (DA) Of HER TOr Injection 37
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5. Convert screen monitor to OTR

Locations of OTR monitor at BT line

e- for HER
Linac END i f ;hiu‘,

e mELELE SRARARERES "
" S K B VS [ B 2 (). 2 ) ORONOR 23
e+ for LER 0 50 100 150 200 250 350 450
LA A I I B A MR LA
, B BEEINNI 11111 RN nn

(): OTR monitors already in use.
O: OTR monitors which will be ready until the end of LS1.

Beam size can be quantified by converting the screen to OTR, which enables
more precise emittance and energy spread measurement. T. Mori

MDI, 19.0c¢t.2023, Injection, N. lida



Beam Abort System

vV v v Vv

In order to protect the hardware components against the high beam currents, we installed the
controlled abort system.

The beam is kicked by an abort kicker, taken out of the vacuum chamber through an abort window
made of Ti, and throwed into a beam dump.

Dumped beam length : one revolution time (10 us).
Build-up time of the abort kicker magnet : 200 ns (empty bucket space).

Synchronization of the kicker timing and the abort gap is required for the protection of hardware.

We minimized abort frigger time to protect the hardware damage. l . \s_ T

o . \ (@] '
' 1| Vertical Abort Kicker 4/’//
Lambertoson Septum Magnet [ n

rrrrrrrrrrrrrrrrr — d \ Horizontal Abort Kicker

Dump HER Sextupole quadrupole magnet

ﬁ e am—— R
2 T ¥ e T T

-&f - %’1 7 5 A T?b - .

KPS| | ORI :

ki




Abort Trigger Delays

a fail

Hardware dependent

Beam Abort
request
eariiest aoor

Device request arrival to

requests Beam Interlock system e CCR
Abort Process Beam Dumping
System waiting
for beam abort gap All bunches
i;> 2 are aborted
> ~2ps 2~10ps 3us~8us max 10ps :
1 N2 P <
t1 t2 . 3 : ., 14
To summarize the abort Synchronization of the abort request signal with
request on the beam abort revolution/2in FPGA. © Max delay=Sps
system. Deoloy to synchronize to the abort gap(fixed delay) :

Depends on the opfical cable pejqy from CCR to kicker (400m) : 2us
length from the local control  Thyratron ON :1us

room fo CCR. Rise time for the kicker : 200ns
Minimum Abort Delay = 17~30us




Observation : Beam Loss Monitor

20220502_011818

I I I [ *—!—rﬁwﬁw
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» Checked the loss monitor at
the time of abort occurrence
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Observation : 42

Bunch Current monitor & Bunch Oscillation Recorder

T BOR(LERhhoOr)

The bearn suddeny — T[T e f —.
disappears just before - ... - - - - e
the abort. fuuummmmuuwwmmu——m7%lmmmu“nhm¢—

. p— | Abort

Beam loss occurs in T ——"—
both HER and LER, but v~ ;; vy \

e | SR 444-L_Ah%ﬁ<ﬁ
The domoge TO The BCM Igs= x5 . . BCM loss x5 T o
hCII’dWCII’e |S 1 Opsz']turn < =k S |
particularly large when - oo
loss occurs in LER.

BCM |OS

f-ﬂ BCM I I ==Y ]

}"'- BCM

f: BCM loss STeem loss R — STeem loss

. BCM loss x5 . BCM loss x5




Loss Monitor Specialized for Timing

Measurements

» We checked the starting point of
SBL in the ring by using loss monitors
specialized for position identification

» The beam loss mainly started at the
D06V collimator (a narrow aperture
to suppress background to Belle-ll
detector).

» When the Dé collimator was
damaged and the aperture was
widened, beam loss began in the
D2 collimator section near the IR.

—The starting point of beam loss
depends on the tuning of the collimator
and is not limited to a specific location.
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Observation

» It islikely tfo occur

when a certain
bunch current is
exceeded.

We don't know if it
will happen even
with a single beam
or low current beam
because we haven't
operated for a long
time.
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Observation : Beam Orbit

Just before the beam loss begins,

the orbit appears to move, but its
value is small~O (0.1 mm).

» The orbitis changing < O(1mm)

>

after the beam loss.

No oscillations that could be
precursors to beam loss are
observed.

Turn 4075
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Vertical Orbit

. Bunch Cu:rrent

Beam L.oss
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Observation : Beam Size

» We checked for beam size fluctuations by
installing an ultra-high speed CMOS
camera in the X-ray monitor to take 1us
data at 100kHz when the abort is triggered.

There was no sign of a significant change
in beam size before the SBL.
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Status of LER collimator

Tip Material

Name Type (): longitudinal length in mm Tip Condition Remarks

DO6H3 SuperKEKB Cu coated C (160) healthy spoiler against inj. kickers' accidental firings
DO6H4 SuperKEKB Ta (10) healthy absorber against inj. kickers' accidental firings
DO3H1 SuperKEKB W (10) healthy

DO2H1 SuperKEKB W (10) healthy

DO2H2 SuperKEKB W (10) healthy

DO2H3 SuperKEKB W (10) healthy

DO2H4 SuperKEKB W (10) healthy

D06V SuperKEKB Cu coatedTi (10) healthy

D06V2 SuperKEKB hybrid (3) healthy

DO5V1 SuperKEKB Cu coated Ta (4) healthy

DO2V1 SuperKEKB Cu coated Ta (10) healthy

(T. Ishibashi)




Tip Material

N : : " Drive
Name Type (): Iongl’rucrjl‘rl]r:‘gl lengthin | Tip Condifion Mechanism Remarks
DO%H1 KEKB Cu coated Ti (40) damaged
DO9H2 KEKB Cu coated Ti (40) damaged
DO9H3 KEKB Cu coated Ti (40) damaged
DO%H4 KEKB Cu coated Ti (40) damaged
D12H1 KEKB Ti (40) healthy
D12H2 KEKB Cu coated Ti (40) damaged
D12H3 KEKB Ti (40) healthy
D12H4 KEKB Cu coated Ti (40) healthy
DOTH3 SuperKEKB W (10) healthy -
DO1H4 SuperKEKB W (10) healthy -
DO1HS SuperKEKB W (10) healthy -
DO?VI1 KEKB Cu coated Ti (40) damaged upgraded Flelmiefiselieres W|T’rih(roe);/v1c1w (el
DO9V2 KEKB Cu coated Ti (40) healthy
DO9V3 KEKB Cu coated Ti (40) healthy
DO%V4 KEKB Cu coated Ti (40) healthy
DI2V1 KEKB Cu coated Ti (40) damaged upgraded
D12V2 KEKB Cu coated Ti (40) damaged
D12V3 KEKB Cu coated Ti (40) healthy upgraded
D12V4 KEKB Cu coated Ti (40) healthy upgraded o . .
DO1VI1 SuperKEKB Cu coated Ta (10) healthy - U‘.‘fs’rTrbCIShl)




Layout of LINAC, BT, Injection to MR

Injection Points

LINAC

1.1GeV Damping Ring (DR)
for positron

? g

| Beam Transport line (BT) 2

, Arc4 "

primary e- fore+: Thermlonlc Gun -
{
: RF Gun— :;x "“
4 7
"s

SectorB S,ector A/ i BC

=" S “)

Jarc

SectorE dSECtT)I’l Sector2 = 'Sector3 Sectori

Sector5

e+ target

BT1 and BT2: Wire scanners(WSs), MSE.10:0TR MSE.10(OTR)

BCS: Bunch Compression System (for e+) (=BT1.5)

MPI, 19.0¢1.2023, '"jelgt(ifg':'thdérgy Compression System (for e+)



RF System

» RF system is operating stable.

» For more stable and long-term operation, we will continue to conduct regular inspections
and update equipment of RF system.

» Beam current limit by the present RF system is evaluated.
» RF power delivered to beam . LER 3.6 A (design), HER 2.2 A
» HOM power absorbed by dampers . LER 2.6 A, HER 2.0 A

» For HER, the adding two RF stations and the reinforcement of the cooling capacity for
HOM damper cooling are necessary.

» Stability analysis of RF accelerating mode (zero mode) was performed in SuperKEKB
operation condifions.

» The results showed effective measures without requiring big budget to improve the
stability. And the results could be used as guidelines for future beam operation by
Increasing the beam current step by step. M.Nishiwaki KEKB ARC2022, RF system
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