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2024ab Run Overview

e Jan./29 - Feb./20
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* Vacuum scrubbing, Machine tuning, Machine study rER Gurrent o
' | —H400 5 10°
* Feb./20-July/1 z| 06 300
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* Physics run, Machine tuning, Machine study g | 0.2 1008
. . e . . = Jeeo L1098
¢ Struggling with Sudden Beam Loss, poor injection efficiency, & 1.8 153 E 1 1n5
low machine stability. z LER C“:"'e"t N
* Many beam aborts caused by SBL and injection beam G ! J100|E 10
* May/1-12 : Off resonance operation 0.5 _%50 % 107
inosi -1 - agraon— 3y & 107
* Integrated luminosity (2024ab) : 103 fb o4 | | / 2 E-“
o ' { =
*  Max. Int. lumi. per day : 2.0 fb''/day g 3EVacium {7 i ”u “.'|. f _§1 5 3&
* Total integrated luminosity : 527 fb! 3 2Fscrubbing Physics run | i | = &g
. = B - — M7 | g T S P
* Maximum beam current : HER/LER = 1210/1539 mA 3|t O
* . . . . — f—t—t 'l"'i"'lf""'. + [ ll ———— —rH—— = o¥
* B, -squeezing (Vertical B-function at IP) : ~0.9 mm % 1g§ ggﬂ
*  Mostly operated with B,"= 1.0 mm SlS% e
o| 20 20
: 0
* Others: o 3172024 3/1 4/1 5/1 6/1 7/1
* Fixed number of bunches mostly at 2346, finally at 2249 T —> < — >e—>
: i _ 0 B,”=8mm 3 mm 1mm 0.9 mm
* Crab waist ratio : HER/LER = 40/80 -> 60/80 % Beam on - R -
* Chromatic X-Y coupling correction by rotatable sextupole (1/29) Number of bunches : 2346 2249 2249
magnets. 1565
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* 10 % of PXD became unusable by these issues.
* PXD HV was turned off to prevent further damage.
e LER collimator DO2V1 jaws were also damaged.
* However, not large impact on beam operation fortunately.

Still struggling with SBL after LS1
e Part of the beam is suddenly lost within a few turns.
Uncontrollable crazy beam can damage the collimators

and Belle Il detector.

* ltis difficult to maintain the MR in good working condition

with damaged collimators.

* SBL also can result in QCS quench.
* Beam abort request is issued by beam loss monitors.

I
SBL is an obstacle to maintain stable machine operation ;

and increase beam current.

SBL occurs more frequently in LER than in HER.

The cause of SBL has been unknow before 2024ab run. 1

* New diagnostics tools (beam loss monitors, acoustic sensors,
bunch oscillation recorders) were installed during LS1.

 Beam aborts with SBL and QCS quench damaged Belle
Il detector (PXD).

On 22"/April and 6t"/May
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* Identifying the cause of SBL was the most important and urgent task in
2024ab run.

* Belle Il and SuperKEKB had formed a strong collaborative team to address the SBL.

* A great deal of time has been spent on the machine study on the SBL.

* Many findings were made during 2024ab run Toukuba (Belle !l
e SBL happens
* with a single beam as well as in collision.
* even at lower bunch currents.
* atf,”=3mm, as well (not only at B," = 1mm).
* Vertical beam size increases when SBL occurs. i
* In most cases, the pressure spikes in the wiggler sections were observed.
* Downstream of Oho Wiggler Section (D04 straight section)
* Downstream of Nikko Wiggler Section (D10 straight section)

* Beam pips with electron clearing electrodes for countermeasure against the electron cloud
effects in LER

* Knocking the beam pipes at wiggler sections with a “knocker” can cause SBL.
e Thin electrode (0.1 mm tungsten on 0.2 mm Al,O; ceramic) only on top surface
* Dusts in the beam pipes removed for NLC construction

* Knocking beam pipes can reduce SBL.
* Higher total currents result in more frequent SBL.

* No data to suggest that anything other than dust is the cause of SBL.
* No data showing discharge at LER collimators.
* Most likely cause of SBL at LER is dust at wiggler sections.

Nikko wiggler Sect.
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Comparison between DO5V1(NLC) and DO6V1(Conventional type) with the same effective collimation gap
* Storage beam B.G. : DO5V1 suppressed more beam B.G. than D06V1 Pn e

DO1V1 1 DO2H1
DO1H3 i DO2V1 poppp

* Beam lifetime : Very similar between DO5V1 and DO6V1

* Beam blowup : No vertical blowup was observed with DO5V1 (Suppression of
beam instability (TMCI))

Non-linear collimation

* Other findings : _________________ ] |

* Injection beam B.G. may also be reduced by NLC with tuning of 3, at the skew
sextupole magnets.
* It will be tested during 2024c run.

e Radiation level in the Oho Experimental Hall increases as closing the DO5V1 gap.

* Though it was still lower than the regulatory limit, measures are required for future current increases.

. |_S Terui

al Collimator, SuperKEKB LER(f90x220) type
Collimator, SuperKEKB LER(f90x220) type
ontal Collimator, SuperKEKB LER(f90) type
ontal Collimator, SuperKEKB HER(f80x220) type
ertical Collimator, SuperKEKB HER(f80x220) type
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Conventional collimation

* During the summer shutdown, additional radiation shielding will be installed.
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e HER: maximum beam current 1.2 A (Target : 1.4 A)

Had straggled with poor injection efficienc
upgrade to HER injection point during LS1
new septum magnet).

of 2024ab run.

Plan for 2024c run

luminosity)
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(a

Establishment of stable 2-bunch injection in advance

and stability despite

perture enlargement,

Frequent beam aborts caused by injection beam (especially 2" bunch)
Long-term dedicated beam studies and injection tuning

Finally, injection efficiency improved significantly during last 2 weeks

Precise measurement of injection beam orbit and its correction
Fine optics matching between MR and BT
* Benefit of the LS1 upgrade

It seems possible to further increase the beam current.

: maximum beam current 1.5A (Target : 1.8 A)

It was found that injection degradation occurs due to Beam-Beam
Interaction effect at high bunch current.

Lower betatron tune can improve injection efficiency.

For further beam current increase, it is necessary to maintain stable

2-bunch injection, which could not be maintained for a long period
during this run.

Further beam current increase (> 2 A) to make new luminosity record
Deeper understanding of Beam-Beam interaction effect

Finding a good operation point (good betatron tunes for both Injection and
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. . = LER: CW 80 % / HER: CW 40 % | Y.(I)hnishi ) L L
e Peak Ium|n05|ty Lp =4.47x 1034 Cm-zs-l :‘EE * Specific Lumi. with I 125_ Lu;;i’,nlglsj:\c/hmeflsth =
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* B,"=0.9mm : 8 | D onin B ;
* Beam current : HER/LER = 1180/1450 e I i TN R s
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* Single beam vertical blowup was observed over 0.5 mA/bunch in both rings. | £ | iE ' ; ﬁ 3%3'5;3::;:: g; § |
* LER vertical blowup due to Beam-Beam effect was observed 5 47 QI - 1? ]
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* Turning beam pipes with electron clearing electrode upside down
e 15/50 beam pipes are turned upside down. (56 m/185 m = 30 %)
* Oho straight section : 13/16 beam pipes (D04 wiggler section) and 2/4 beam pipes (D05 NLC section)

were turned upside down.

* DO5 NLC section (2/4) : Done
* D04 wiggler section (13/16) : In progress now (until the end of September)

* Nikko straight section : 30 beam pipes at Nikko wiggler section will not be turned upside down.
* Visual check and dust cleaning of beam pipes which are turned upside down.

. Knoc_lglng as many beam pipes (with electron clearing electron or groove structure) as
possible.

upside down

Tsukuba (Belle I1)

Nikko straight section

Radiation shielding w5 <
FTRTT TN TS YT EYRURTAT] IRUTA TR INORURNN) "5 o
(corjcrete) S | bt D04 4
i : S roww v (] wiggler section wiggler section " o &
T A i oof-t . bl
: swpio .
3 I . D05 NLC section @
P > ! wiggler section 0 . . .
: . . . o
D11 Wiggler section D10 Wiggler section < \ o nggler. sectlc?n ,NLC section
=\ . 5 (Beam pipes with electron clearing electrodes)

(Beam pipes with electron clearing electrodes) % N
. - &=




OHO DO5 NLC Section

Turning rRemovaI

upside down

D11
wiggler section wiggler sectionj

D10 D05
| wiggler section NLC section |

Nikko straight section

Radlatlon shleldlng (Pb) DOSVI(NLC)

uonoes jysiesis oyQ

Reinstallation

Beam pipes with electron clearing electrodes
(upside down)
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Wiggler magnet disassembly

D11 D04’
wiggler section wiggler section }

D10
wiggler section NLC section |

, ﬁi\;’i gt ’ ] A v/ peti .‘.ﬁ ‘

Nikko straight section

uoio9s ysiesls oyp

Wiggler magnet reassembly

'\‘ = //.a_.‘él 1 - -

5

. NEG pump position
changes from the bottom
"1 side to the top side.

"1 NEG pumps are installed
horizontally to prevent
dusts from falling from
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Collimator Works

e Replacement of damaged jaws
* LERDO2V1 (Done)

D01H4 pyqH5, DOZH4 DO2H3 o2

DO2H1
Do2v1 DO2H2

TSUKUBA bo3

SuperKEKB Main Ring

1
1
1 D04
1
1
R x - . 17" I e
N N : 5 g
« HER DO9V1 (Done) | R e o ___g|LL
- Q [-
2 g = @ : Horizontal Collimator, KEKB HER(50x104) type Dosvr’fa. a
o
[w [ : Vertical Collimator, KEKB HER(50x104} type &3 =
f‘ DOSV4 @ : Horizontal Collimator, SuperKEKB LER(f90x220) type
D10 DDEEJBQI-\T?, M : Vertical Collimator, SuperKEKB LER(f30x220) type D05
DO9H3 @ : Horizontal Collimator, SuperKEKB LER(f90) type
@ : Horizontal Collimator, SuperKEKB HER(f80x220) type
[ : Vertical Collimator, SuperKEKB HER(f80x220) type

D08 ARES 1 D07
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 New beam diagnostics line for e beam at Linac end (SY3)
* Bunches are extracted to the existing dump line for beam diagnostics while keeping HER injection.

 New DC & pulsed magnets, collimator, etc. were installed to extract e- bunches for beam diagnostics.
* Maximum repetition rate for diagnostics : 5 Hz
e Maximum repetition for HER injection : 25 Hz
* Atemporary SUS chamber was installed instead of the new collimator suffering from production problems.
* Nonetheless, the new diagnostics line can be available although with restrictions in repetition rate and beam current to the line.

K. Yokoyama

New beam diagnostics line
(existing bump line existing)

y - , -DC bending magnet
. \® (BM_61_A1)
Lox collimator DC bending magnet

SC_61_H1
B(PMA i (COo_61_H1) (BM_61_H1)

o (sP_61_HY)
T Kamitan! pulsed bending magnets
— (BP_61_11, BP_61_12) Y. Okayasu
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e Two more fast-kickers for orbit collection of electron 2" bunch at Linac

* Vertical orbit change at Linac causes HER injection efficiency reduction.
* Vertical orbit correction at A-sector can improve injection efficiency.

* Two more fast-kickers were installed for 2"d bunch orbit correction at Linac A-sector (most upstream of Linac).

* |t has been demonstrated that the fast-kickers correct the vertical orbit of only the 2" bunch.

100
c3 ; H. Ego
g 751 H. Ego
(] 3 DR
5 501 A-sector
ET
8% 257 Fast kicker
o HER injection efficiencies v i; N (K
0 V :New
. . . A 8 .
S, 4 Vertical b ions in LINAC ¥ : Existing | New SR monitor
— ertica eam positions in n .
éé New fast kickers for 2 bunch at Linac A-sector ARC(& was installed.
EC 27 = ‘BH1AE
§© i *BTe Linac
E 0] i : BTON A,y
S€ e Linac .l R X
5 : 7 S
_2 T T T T T T \~\\.
> 04/15 04/16 04/17 04/18 04/19 04/20 ARCO3 ’sm BH3E.1 \I\/IR
2022 2022 2022 2022 2022 2022

Jf

* New SR monitor for beam diagnostics at ARCO1 of BTe BTe |
* New SR monitor was installed at ARCO1 of BTe. f
* There is an existing SR monitor at ARCO3.
#MR

* Two SR monitors make it possible to diagnostic electron beam at BT
more precisely while keeping beam injection.
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M. Shirai

* |[nstallation of new vertical kicker magnet and its
power supply in LER

* It will be very useful for studies on vertical aperture,
beam lifetime, and injection.

e In HER, vertical kicker has been available since 2024ab §# )
run.

* Improvement of LER injection kicker trigger
system

* To prevent Inj. Kicker accidental firing, thyratron
trigger system was improved from single trigger to
double trigger.

* All LER Inj. Kicker thyratrons have double trigger
system.

* In HER, Inj. Kicker accidental firing seldom occurs so far.

* Relocation of OTR screen monitor at BTp

* To more precise monitoring of beam quality at BTp,
IOTR #15 at ARCO4 was moved to a more appropriate
ocation.
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——— CH12: VAHDMM-SLYDO -0 SPLACE:BPM
— CH13: VAHDVMSLYDO 1:DISPLACE OMAG

Gap Sensor and Beam Position Measured by BPMs

* Orbit change at strong sextupole magnet causes
degradation of machine performance and stability.

Displacement of BPM Block ~ 30 um

OOAISINNAHYA | =

§§§:ﬂ; i—g/ Displacement of Quadrupole Magnet ~ 5 um
* Displacement of quadrupole magnet (Quad.) makes e PEE e e O e e e
orbit change at nearby sextupole magnet. -
* BPM block is fixed to Quad. via conventional BPM A .
support.
e Deformation of beam pipe due to SR heating can move

Quad. and result in machine performance degradation. Quadrupole magnet  poyap

 Itis required that the orbit change (Quad.
displacement) should be less than a few um.

* New BPM support separating beam pipes and Q-
magnet was installed in LER.

 If its effectiveness is confirmed during 2024c run, a few
more supports will be installed in LER this winter.

* |In HER, three supports have already been installed 8PM block was fixed to the omagnet I MRS
during 2024ab run. via conventional BPM support. V) J'{ \

* |t was confirmed that the isolation works very well in HER.
NEW BPM support can separate

BPM and Q-magnet.

M-L. Yao
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2024c¢ Operation Schedule

Early Late Early Late
Sep. Sep. Oct. Oct.

Linac
17/Sep. 27/Dec.
DR
19/Sep. 27/Dec.
BT
27/Sep. 27/Dec.
MR IIIT?IIIIIIIIIIIIIII)
9/0ct. Electricity budget may run out. 27/Dec.
* Necessary budget for MR operation until the end of Nov. has been secured.
* We are making effort to get the budget for MR operation until the end of Dec.
7/0ct. 27/Dec.
PF-AR

8 2024/24/September




2024c Operation Plan

* Target luminosity of 2024c run is 1x103°> cm=—2s71.

e General planis increasing the beam currents keeping By* at 0.9 mm.

* L, =5x10% cm~2s~ ! was achieved already with smaller number of bunches (393).

* By increasing the beam current to 2.58A/1.83A (2346 bunches), the luminosity is aimed at 1 X 103> cm=2s~1 (B).
* Detailed operation planning is underway.

Y. Onishi Y. Onishi
Strategy toward 2.4 x 1035 cm2s-1 ¢ Strategy toward 2.4 x 1035 cm2s!
L
o Increase Beam Current Ly, =
Iy Iy—mp
o Upto 103> cm=2st, Target: 2.58 A/ 1.83 A with Lsp = 5 x 1031 cm2st -~ 12F 2.75A/2.2A
< 10% 2x10% L=2.4x10%
o Improve Injection Efficiency under influence of Beam-Beam Interactions £ ‘o6
W 100 2.08A/1.48 A Fr0.8.mim
o Reduce Injection Error with Modified Injection Scheme = . I. B;=0.8mm *
O
- 8+
» Squeeze Beta Function at IP G It‘. #"“
« Py Down to 0.6 mm for 2.4 x 10°° from 0.9 mm (3 Steps) ; 6 o
o« Dynamic Aperture (Touschek Lifetime): Sextupole Optimization, Off-Momentum Optics é 4t 2.58A/1.83A
Tuning, Comparison between Simulations and Measurements of DA (x-y-z) 3 By = 0.9mm
o Increase Beam-Beam Parameter § 2. By=0.8 mm CW
% e B/=1mmcCw
o Improve Prediction Accuracy of Beam-Beam Simulation 0 500 1000 1500 5000 2500
o Account for Lattice Nonlinearity and Impedance, and Their Interferences lp+ lp_Np (MA2)
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Machine Parameters

Ring
Emittance
Beam Current
Number of bunches
Bunch current
Horizontal size ox*
Vertical cap sigma Zy*
Vertical size oy*
Betatron tunes vx [ vy
Bx* / By*

C:

Piwinski angle
Crab waist ratio
Beam-Beam &
Specific luminosity

Luminosity

Machine Parameters

June 8, 2022 Target at post-LS1 (1) Target at post-LS1 (2) Unit
LER HER LER HER LER HER
4.0 4.6 4.0 4.6 4.0 4.6 nm
1321 1099 2080 1480 2750 2200 mA
2249 2346 2346
0.587 0.489 0.89 0.63 1.17 0.94 mA
17.9 16.6 17.9 16.6 17.9 16.6 pm
0.303 0.217 0.178 pm
0.215 0.154 0.126 pm
44,525 /46.589 | 45.532/43.573 | 44.525/46.589 | 45.532/43.573 | 44.525/46.589 | 45.532 /43.573
80/1.0 60/1.0 80/0.8 60/0.8 80/0.6 60/0.6 mm
4.6 51 6.5 6.4 6.5 6.4 mm
10.7 12.7 10.7 12.7 10.7 12.7
80 40 80 80 80 80 %
0.0407 0.0279 0.0444 0.0356 0.0604 0.0431
7.21x10% 7.62 x 103! 9.31 x 10%! cm2st/mA?
4.65 x 10%* 1x10%* 2.4x 10* cm?st?

10% and 2.4 x 10% are tentative and considered by Y. Funakoshi.

2024/24/September
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Summary

e 2024ab run
* Peak luminosity : 4.47x1034 cm=2s!
A 5.9x1031 cm~2s71/mA?2, By* = 0.9 m, HER/LER = 1180mA/1450mA, 2249 bunches
» Struggling with SBL and increasing beam current more than 1.5 A/1.2A (LER/HER)
* New findings made during 2024ab run suggest that most likely cause of SBL at LER is dust at wiggler sections.
* For HER, injection was improved from 30% to 80% at last.
* For LER, it was found that injection degradation occurs due to Beam-Beam interaction effect at high bunch current.
* Non-linear collimator
* It was demonstrated that NLC can reduce B.G. with lower impedance.

e Summer works
* Most of the planned works were carried out as scheduled.

* SBL countermeasure : Turning beam pipes at OHO straight section, beam pipe knocking

* Injection improvement : New beam diagnostics line at Linac (e-), New fast kickers at Linac(e-), New SR monitor at BT (e-), OTR monitor relocation at BT (e+),
New vertical kicker in LER (e+),

* Others : Damaged collimator replacement, LER Inj. Kicker trigger system improvement, New BPM support for isolating Q-mag and beam pipe, etc.
* Some delayed works are postponed until the winter, but there will be no impact on 2024c run.

e 2024c run

* MR beam operation : 10/9 — 12/27
* Necessary budget for beam operation until the end of Nov. has been secured.
* We are making effort to get the budget until the end of Dec.

* Increasing the beam currents keeping at 0.9 mm-By* to aim at 1 X 103> cm=2s~ 1.
* Detailed operation planning is underway.
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Thank you for your attention.

Inter-University Research Institute Corporation High Energy Accelerator Research Organization (KEK)
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* Non-linear collimation (NLC) system was installed in
LER Oho straight section.

* Impedance of NLC is much lower than that of conventional Conventional collimation scheme
collimator due to its large aperture. (

Oho lab.

* NLC can relax TMCI bunch current limit.

uoI1329s y3ieJis
oyo

e Oho straight section is the location where the optics satisfies the
requirements for NLC.

* A part of wiggler magnets was removed to make space for NLC.

* New skew sextupole magnets and beam pipes in them were
fabricated.

* New power supplies, cabling works and new radiation shields

Small aperture can make

; beam instable.
were also required. N ____

P e e ===
'

s Non-linear collimation scheme (conceptual diagram) --=-=-----—g=-==-=-==- - - - - - --- e
! Quad Skew collimator

' 1 J7 Sext .

| * / - O/ .
|

T EE _________ | ' & ___________ P R — - . ))

|

|

Vo 1 Ap, = (K/2)(y*x?)
| First sextupole magnet kicks Ap, = Kxy
|

\

unwanted beam particles.

Collimator scrapes unwanted beam
particles with large aperture.

Second sextupole magnet brings good

(low impedance) . ______________ beam particles back o thelr original angle.
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e Dust particles collected from beam pipes removed form D05 wiggler section for NLC construction
* Small particles collected with tape
* Main components : Fe, Al, O, C
* Others : Si, Ni, Cu, Cr, etc.

LA I-F-DRPN-Zavhk
FEEOEE TEMNCEREN A
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e Dust particles collected from beam pipes reinstalled in DO5 NLC section
e Large particles

* Main components : O, Al, Si, Ca
 Others:C, K, S, Mg, Ti, Cr, Fe, etc.

2024/24/September



e Dust particles collected from beam pipes installed in D10 wiggler section

* Middle size particles
* Main components : O, Al, Si, Ca
e Others: Mg, Ti, Fe, etc.

2024/24/September
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* Reference : Dust particles collected from electrode sample by ultrasonic cleaning
* Main components: C, O, F, Al W, Cu
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