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* Highlights from 2024ab operation



Overview of 2024ab linac operation
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* Charge at the Linac end has been stable.
» 2-bunch operation was limited for a short period
due to injection-induced abort and lower efficiency.
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* The 2nd-bunch emittances are a little bit larger.

* The emittance blowups downstream of the BT1 are one of the

most significant challenges to injections.
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Overview of 2024ab beam injection

The both rings were in severe condition for beam injection.

Ring acceptance to the injection bunch
* Emittance, especially in vertical
* Injection bunch oscillation

* For a low-current bunch, we obtain an efficiency of 80% thanks to
bunch-by-bunch feedback.

Dynamic aperture
* The vertical aperture becomes narrower at a high bunch current.

* Measured aperture narrower than the simulation for both rings in
three directions (x, y, )

Lifetime of beam tuning

* The machine's good emittance condition can be maintained for
only a few days.

* |n the second half of 2024ab, once the measured emittance with
the SRM of BT became larger, the operator adjusted the A-sector
pulsed steering magnets to recover the condition.
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Beam tuning in LINAC improves the emittance,
but keeps it only a few days.



e« 29 Jan. -

e 20 Feb. -1 Jul.:

Overview of 2024ab main ring operation

20 Feb.:
Vacuum scrubbing, machine tuning & study

Physics run, machine tuning & study

Struggling with Sudden Beam Loss (SBL), poor
injection efficiency, and low machine stability

Injection efficiency degraded due to beam-beam
Interaction effects at high bunch current.

Beam Current [A]

SBL, injection beam, 2-bunch operation caused
many beam aborts.

B,  was squeezed down to 0.9 mm (mostly T mm).
Maximum beam current : HER/LER = 1.21/1.54 A
Number of bunches mostly at 2346, finally at 2249

Chromatic X-Y coupling correction by
rotatable sextupole magnets
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Overview of 2024ab main ring operation

Peak luminosity L, = 4.47x10%** cm2s

Specific luminosity L, = 5.9x103 cm2s/mA?
B, =0.9mm

Beam current: HER/LER =1.18/1.45 A
Number of bunches: 2249

Bunch current product (I, 1, ): 0.338 mA?
Crab waist ratio: HER/LER = 60/80%

 Crab waist ratio went from 40/80% to 60/80%
* effective to increase luminosity and extend |, I,

Integrated luminosity (2024ab) =103 fb™'

Maximum integrated luminosity/day: 2.0 fb-'/day

 Total integrated luminosity: 527 fb"!

Y. Ohnishi
(KEKB review, Mar. 2024)
@—; Strategy of 2024b Run

® Vertical Emittance of Single Beam Is Better than 2022ab Run.

® Luminosity Performance Reaches the Same Level as 2022ab Run.

® Lsp = 6.5 x 103 cm-25-1/mA? at Io+Ip- = 0.41 MA? (Iv+ = 0.72 mA)
L= 6.5x10% x 0.41 x 2346 = 6.25 x 103 cm-2s'!

@ Plan of 2024b Run

@ pgf =1 mm Operation Will Be Continued to Achieve 6-8 x 1034 cm-2s-1.
@ LER: 2 A/ HER: 1.4 A/ 2346 Bunches

o g = 0.8 mm Will Be Adopted in June After Above Achievement.

@ Injection Will Constrain Beam Currents.

@ Two-Bunch Injection, 25 Hz Repetition, Sextupole Optimization (Enlarge DA), Synchrotron
Phase Space Injection (HER), Investigation of Narrow Vertical Aperture (HER), etc.
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High-bunch current and beam-beam studies
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Sudden Beam Loss (SBL) events

- Knocker

» Exploring the cause of SBL in 2024ab run
* Belle Il and SuperKEKB had formed a collaborative team to address
the SBL from beam instruments, MDI, and analysis points of view.

* Many findings were made during the 2024ab run
* SBL happens
* with/without collisions
* even at lower bunch currents

A'”V .

* notonlyatf,”= 1Tmm but also at B, = 3mm. Beam abort synchronized No Beam abort
y . Py . . with knocking & pressure hen knocki
* In most cases, the pressure spikes in the wiggler sections were spike whenKhocking

observed.

* Downstream of Oho Wiggler Section (D04 straight section) " pressure

* Downstream of Nikko Wiggler Section (D10 straight section) 20x10°
* Beam pips with electron clearing electrodes for countermeasure 800 SpL 1.5x10°
against the electron cloud effects in LER cufrent

* Knocking the beam pipes at wiggler sections with a “knocker”
could reproduce SBLs and eventually reduce the number of SBLs.

* Higher total currents result in more frequent SBL.

Dust at wiggler sections is the most likely cause of SBL in LER
* No data showing discharge in LER collimators.

1.0x10%

Beam current [mA]
s [ed] @nssald -

0.5x10°

Knocking timing H. lkeda




Beam pipe knocking to detach dust

K. Shibata

Knocker o
(driven by compressed air) /
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* Major work during the summer shutdown

10



Linac work in the summer shutdown

| F. Miyahara, H. Ego

Fast pulsed kicker magnets Asector | Oh
. i i i : i Fast kicker
:L_I'F\:\;: ::/;r]tlkcii:(fz;tl pulsed kickers are placed in the A sector (low-energy section) AT 7 New
y the 2nd bunch. E Y - Existing
* The fast pulsed kicker at the SY3 BT line failed due to radiation damage to the -
power supply. The repaired power supply is waiting for the next installation. y \ BTE
 Effects of the timing jitter was measured at the Linac and BT and found to be < Linac %

BT Energy Compression System (BT ECS)

« BT ECS is introduced for countermeasures against energy
spreading and long-range wakefield.
* Waveguide installation is almost complete.

s * The construction of the

| pulsed diagnostic line in
SY3 is completed.

' * Beam diagnostics can be
performed at < 5 Hzin
separate beam modes
simultaneously with HER
injection.
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Countermeasure against SBL

* Turning beam pipes with electron clearing electrode upside down { /
* 15 beam pipes were turned upside down at the Oho straight section. (56 m/185 m = 30% of the total)
* Oho straight section:
* 13/16 beam pipes (D04 wiggler section)
* 2/4 beam pipes (D05 NLC section)
* Nikko straight section: we have kept 30 beam pipes at the Nikko wiggler section unchanged.

* Visual check and dust cleaning of the beam pipes after turning them upside down

* Knocking as many beam pipes as possible (with electron clearing electron or groove structure)
TS”kaviBﬂ”e ” Beam pipes are turned upside down.

Oho straight section

upside down

I

S0m

Nikko straight section \\
shielding?

l[llmqulmﬂmllmﬂwum-wUl-'JHUJ

Radlatlon Shleldln%u AT ST TTTI FERTATYETI FROAIY, hlvlul:lnn g %D_ (Concrete) Radlatlon ShIEIdlng
| |(concrete) S| b D04 |
TN 0 T W T e—" © . . i iordn. o
e e e b i e sk s st s i sgras. = [T Wiggler section  Wiggler sectio Vs o e
R L R RO R QLA O T R 8 L R A R L T [, ) ] ‘ . = s R R s
S ' ] g . D?O | ' DO5 NLCsectionf v = > «—>
< - > wiggler section a . . .
N . . . X 2 o ~
D11 Wiggler section D10 Wiggler section < \ o W'99'ef se§t|on NLC section
(Beam pipes with electron clearing electrodes) z - (Beam pipes with electron clearing electrodes)
et beam

et beam
12



OHO D04 W_|ggler Section

K. Shibata

Tsukuba (Belle 1)

D11 DO4'
wiggler sectiorwiggler section }

Nikko straight section
uonoas ybiens oyo

—'

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

NEG pumps are installed




OHO DO5 NLC Section

Turning
upside down

K. Shibata

Tsukuba (Belle 1)

D11 o D4
wiggler sectiorwiggler section

Radiation shielding (Pb) 5V1 (NLC)

D10
wiggler section NLC section

Nikko straight section
uonoas ybiens oyo

Reinstallation
(upside down)

Beam pipes with electron clearing electrodes
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* 2024c operation schedule
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New commissioning team

* Linac

* Fusashi Miyahara (leader)
* Main ring

* Gaku Mitsuka (leader)

* Takuya Ishibashi

* Hiroshi Sugimoto

* Ryuichi Ueki
* BT

 Linac and main ring member
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2024c schedule

14)Y Late | Early Late
Sep. Sep. Oct. Oct.

Linac

DR

BT

MR

PF

PF-AR

Early Late
Dec. Dec.

17/Sep. 27/Dec.
19/Sep. 27/Dec.
27/Dec.

27/Sep.

9/0ct. Electricity budget may run out. 27/Dec.

* The budget for MR operation until the end of November has been secured.
* We are trying to get the budget for MR operation in December.

e e ————————

7/0ct. 27/Dec.

e ————————

17/Oct. 16/Dec.
17



2024c target performance

Target luminosity of 2024c run is 1x103> cm=2s7,

The strategy is to increase the beam current to 2.58A (LER)/1.83A (HER) with 2346 bunches.
B, will be kept at 0.9 mm.

Strategy toward 2.4 x 1035cm2s!

Y. Ohnishi
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2.08A/1.48A g
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258A/183A
py = 0.9mm

o 500

1 | 1 1
1000 1500 2000 2500

Ip+1p-Np (MA?)

We adopt route (B) as the path to 1x103>,

Lsp X 103 [cm 25 1mA™2]

L, =5x 10" cm™?s~ " was achieved already in 2022b with a smaller number of bunches (393 bunches).

Co
L

Blue: 2021 Dec. 21st by* = 0.9mm, H/L=0.667~0.8
Red: 2022 April 5th by* = Tmm, H/L=~0.8
Green: 2024 June 27th by* = 0.9mm, H/L=~0.7

_l Y. Funakoshi
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2024C

3_
Startup & vacuum scrubbing = —
< o
* 9 0ct.-21 Oct. (12 days) £ F
 Startup and hard/software tuning from HER followed % 1‘55_
by LER s £
* Use the detuned optics through vacuum scrubbing §
* Vacuum scrubbing o8
» Target dose: ~100 Ah ob— M
 Establish 2024b’s highest beam current or more Oct13  Oct27 Novi0 Nov24 Dec08 Dec22
e >1.2AInHER/1.5AInLER 2024C
* Study items fzgi 1'25 Luminosity Integrated luminosity -
* Linac-BT tuning, ML-assisted orbit tuning 2 160k < T Bunch current product .
* New NLC optics (B,=7m — 3 m) S 140F L ogf s
* Single beam aperture measurements % :\120;— g: - e . ]
* Single beam size measurements 5 fié" _‘:‘:50 or - E
» Explore better sextupole configuration :‘% 605_ é 0.4F e -
* “Knocker study”for confirming upside-down pipes E s0F- 5 oF * E
22; F g ]

0
Oct 13 Oct 27 Nov10 Nov24 Dec08 Dec?22
19
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2024C

3_
. - —LER
Physics run 2ot
< o
e 21 Oct. - 27 Dec. (under discussion) E
* B,* squeezing % 150
e Detuned — 0.9 mm (no intermediate step) = 13_
* Beam current § i
* Increase the beam current as quickly as possible 0.5~
» Establish 2024b’s highest beam current after collision .
* 1.2AInHER/15Ain LER 813 Octz7 Novi0 Novzd Decos Dec2z
* Beam-beam effect-induced injection efficiency
degradation needs to be solved to reach a higher 2024C
beam current than 2024ab. 200~ 1.2r .
* Study items (# beam-beam related studies) _ 122_ it ——— Luminosity Integrated luminosity El
* Linac-BT tuning, ML-assisted orbit tuning § I Bunch current product /{»jf
« Changing B, at the injection region* S b 508 T
* betatron tune scan” (finding better operation point) 2 g0 6l e S _Z
« Changing B, at the interaction region* év o = e
* Explore better sextupole configuration o 60C % 4 // ~
* “Knocker study” for confirming upside-down pipes £ 40 3,0 e -
* (Synchrotron injection) 20t ] yeo -
* (B, 0.9mm — 0.8 mm) - 8ct|13 | E)c:; | N0\:1O | N0\;24 | DeclOB | Decl:220
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Towards HER/LER = 1.8/2.6 A

 Stable 2-bunch injection is necessary for 1.8/2.6 A

« Fast kickers at Linac and RTL are allocated to correct 2nd
bunch orbit.

* The number of injection-induced beam aborts will be
reduced thanks to the relaxed threshold of the VXD

diamond sensors. ot o
* 1%and 2" e+ bunch charges will be increased from 3nC If the injection e- beam has a large horizontal oscillation
to 4nCat the BT end. amplitude, it will collide with e+ beam at the collision point
o Mitigation of the beam-beam interaction effects where the B, of e+ beam is large and the beam will be unstable.
* Injection efficiency degradation occurs due to beam-beam Q= HER Injection
Interaction effects at high bunch current. _ petunes ot anze0629) 5 =0 mm G 0 4 20240520 Y. Ohishi
« Larger B, at the injection region is applied after collisions. i R LT
* Synchrotron injection scheme is another option. f It — T
» Lower betatron tune will improve injection efficiency. i i J“WWWWWWMWMWMMM 20750 %
* Precise measurement of injection orbit and correction =" o N T Qe
 HER injection efficiency was improved significantly during =7 el e
the last two weeks of the 2024ab run. e | con
» Fine optics matching between MR and BT - M RELAOg i e
« RF kickers and vertical kickers are ready in both rings. T e T ot

21



Mitigation of beam size blowup/beam oscillation

* Bunch-by-bunch FB and vertical tune need optimization.

* Further optimization of nonlinear collimator

* Currently, NLC can reduce stored beam BG, but not enough for
injection beam BG.

* Nevertheless, changing the (3, at the skew sextupole magnets
from 7 m to 3 m will reduce injection beam BG.

* If we can utilize a nonlinear collimator instead of the arc
collimator DO6V1, the impedance can be reduced significantly.

0.72 mA/bunch 0.93 mA/bunch

2024C
W) Fic Edt Command Window 20230627 14:52:30 Help + Wb e Edt Command Wndom  2024-06-27 23:48:38 Help - 12 12
LER Pilot Bunch Tunes LER Pilot Bunch Tunes e 4

(4 33071 Wme 0719 Leme o e 4021 Umw 0933 Uemm g - —
— A —
1 S
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Summary

* Highlights from 2024ab operation
* Peak luminosity: 4.47x10%* cm=2s™
* L, =59x10°T cm™2s71/mA?, B, = 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 during the 2024ab run suggest that dust at wiggler sections is the most likely cause of SBL at LER.
* Injection efficiency degradation occurs in LER due to the Beam-Beam interaction effect at high bunch current.
* Nonlinear collimator demonstrated its ability reduce stored beam BG with lower impedance.

* Major work during the summer shutdown

* Most of the planned work were carried out as scheduled.
* SBL countermeasure: turning beam pipes at the OHO straight section, beam pipe knocking
* Injection improvement: beam diagnostics line at Linac, fast kickers at Linac, vertical kicker in MR LER, SRM at BT.

* Others: damaged collimator replacement, LER Inj. Kicker trigger system improvement, New BPM support for
isolating Q-mag and beam pipe, etc.

* Some delayed works, postponed until the winter, will not impact the 2024c run.

e 2024c operation schedule

* MR beam operation: 9 Oct. — 27 Dec. (expected)
* The budget for MR operation until the end of November has been secured.
* We are trying to get the budget for MR operation in December.
* Increasing the beam currents keeping 8,* at 0.9 mm to aimat 1 X 10°> cm~2s~ 1,

23
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v, RFuth) #HAETHFE%MILL-. (BEHREHTHETIEE
NUFEE, T4 RN—2 3 HIEIICIGA (T. Natsui)
ASFAZIZIHA (G. Mitsuka, S. Kato)
: E— L8 GRER) £ — L8E GAER)

Optlmalze} Graph} File Data

¥ sefting text Linac KEKB e+ Orbit Linac KEKB e+ Orbit
X setings 4]
PV name min max init EF 2 L

W [LIMGPY_17_2WRITE-KEP 004095 2041 [1.041 3 W

K [LIMGPY_17_2 WRITEKEP 0Fr0ss 2771 [1Am X ( mm ) E

x2:  |LIMG:GF_17_z5I1WRITE 16384 | [z8.984 [23.384 | [ Y Setfings

%3 |LIMG:QF_17_s2WRITE 46923 [56.923 51923 P¥ name alias iﬂél At R e T S |“" -

wd [LIMGIGF _17_341WRITE 27261C [37.281 32281 LIiBM:SP_16_5_TSNGL:KBP iref o

X5 [LIMGIGF_17_42/WRITE 4187 [5167  46.670 LIBM:BP_17_d4_TASNGLKEBF B =

X6 |LIMGQD_1 7_241WRITE 16.807 | [28.807 [23.807 LIIBM:SP_18_2_T:ISNGL:KBR sz E M‘WMW .

%7 [LIMGQD_17_311WRITE 41163 [51163 |46.163 LIBM:SP_18_49_TASNGLKER s y (m m) 1

8 [LIMGED_17_331WRITE 46804 [5E804  [51.804 .

3 [LIMGED_17_411WRITE 4389 [5383  48.890 = nél S B [ I "|I||' .

K0 [LIMGQD_17_43IWRITE 45.025 [55.025 [50.025 “© 5

=11 10

X1z M

x3 I ( n C) *]

14 o0 +

e+ beam
Set curnt value to init Shift Minhtas to init - e
-(Q1 + G2+ Q3 3Grer [« | Il LiBM:SP_28 4 1:ISNGL:KBP:18 LiBM:S8_DN_01_1:ISNGL:KBP:18
Evaluate function I ______ >
. . . = ' 4.0 nC (ABTFED === T 1 i
Beam repefition: 5.0 Hz data M at a point |20 lteration N = 100 ‘Wait Time [sec]: 3.0 3 3 nC => - _ lr " |I ‘ H
Al i - S ? ?ii T|—\ ; fl I‘ 1 nﬂ'-llrﬂ ) Jn 'll‘h w :\‘li'} !
i “P\ it ‘ | | (0 E
i " 'l

@ Bayesian oplimization acquisition_weight: 1.0 defaltz, exploration:3 ) I‘mﬂi‘. L .
(8L I !
 Downhill simplex intial value range: [200 % ., ) I L, .1"‘1|'UJI| l
| | bR ' |
Start [v with set current and shift Stop Jestal Set Best amd Finish A r .M,"‘l 1 ‘
Wl
Method:Baysian, Iteration 100/100, meas 20/20, best y = -0.8963397830454936 at x = [0.040 , 2.09294023
=
23.637181105956424, 54.00931 0600239665, 32 5642433663873, 51 67, 26 JB00036733A0I76, 47.14216363IF72546,
5142035430B46038, 53.03451713504805, 53 624767532645489]
Finish
|| 1.5
=1

il
Iyl
Iteration 101/100 meas 1/20 : best y = -0.5963997630454936 atx = [0 L 2.09294029162303, - ] 20 ’ 1
| | ‘
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e+

Ring acceptance & AR FDILH Y & Xk

HER simulation(Y. Ohnishi)  2.77 1.07

HER measurement 1.213 y Bx=160m 712<—9;°,\iy=EquivaIent to 79um 0.6\?

Injection measurement —0.93 Oey=3263, 1080 0.35 (simulation)

Countermeasure Smalleﬁﬁj/ection oscillation (Ex.  Expect some improvement with ECS further reduces the tail
Bx=100—160m) BTe Arcl vertical bump 12mm after the next summer,

LER By*=1mm CW 80%

LER simulation(Y. Ohnishi) 3.37 1.11
LER measurement 0./9\0 A Bx=160m To be measured in 2024c 0.\91
Injection measurement 1.41\~1.17 Oey=196.7 0.32 (simulation)

Countermeasure

N —

Smaller injection oscillation (Ex.

Bx=100—160m)

LER V. kicker makes LER
acceptance measurement clear.
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Injections in 2024ab

“Raw injection
efficiency” means
an efficiency 100
turns after the
injection

P

— > Py*=
By*>1mm py*=lmm Off resonance 0.9mm
< > +——>*
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< 1000
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Measured emittance yex-150um ey -30~10um

BT1 e+ I-bunch L | I¥%¥§1.9u§cgoum | _ BTl e L-bunch

||||||||||||||| T T d
! T I !

||n|m||||||]||||l|n|l|m
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yey [pm]
-
w [=]
(=] =]
™1
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° 9h9m057/1 1/1/20217/11/1/2022 7/11/1/20237/1 1/1/20247/1 E | i { | i
1/1/2028 ' ohg"es  3/1 4/1 5/1 6/1 7/1 oMe"ps  3/1 23 5/1 6/1 7/1

— 2o Jarc R56=0
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BT 2 nC

« Emittance blowup

« Both harizontal and vertical are
increasing within BT.

(1) Horizontal

« Incoherent synchrotron radiation
(ISR) can explain ~40pm

« The remaining 60um in CSR
C?nng)t be explained at present.

2 Vertical

 |n the July study, a 12mm vertical
bump was made in BT Arcl, and
the measurement upstream of
Arc2 showed that the dispersion
(almost 0) and vertical emittance
vver% reduc}ed to a certain extent
(2/3). (

* The simulation will be done by Y.
Shimosaki.

1.—R56=.§(2@22.N0v.2)
- +R56=@.3(|2@24.Mar.4)|

T O Opon® u o

e - R56=0.3(2024.Mar. 11)) |
o -R56=0.3(2024.Mar.13)
F #- R56=0(2024.Mar.13)- -

-

Gx
%]
T

BMA
—
T

.—=.=—————-— T s =‘_—_—‘.= T P eif—

0

i i

|
200

|
400

|
600

& & ® & o ! ' @
o 2 11 21 = BT BT R
2 2 =) =)
< W O w o < Arcl Arc2-3 S
LINAC BT
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« Emittance blowup
@1 Horizontal

« Mainly occurs in the second arc of RTL
« In 2022, it was 120um. We will try going back to

that parameter.

2 Vertical
« Mainly occurs in BT1~BT2.

« The 2023-24 BT e+ Study reproduced this in a
tracking simulation that included the multipole

components of the bend in BT Arc3.

« How large is it ComBaAr)eg to the current LER

dynamic aperture (

Table 1: Emittance Measurement and Simulation in BT

Measured BT1 | Measured BT2  Simulation
Yez [pm] 130 175+10 160
Yey [pum] 5 2041 17

Annual Meeting of the Particle Accelerator Society of Japan, 2024.8, THP025, N. lida

The magnetic field calculations and orbits of
the bends of Arc?2 and 3 are reflected in the

tracking simulation in detail(K. Oide).

— The increase in emittance was reproduced!

YEx (um)

Yey (um)

300

250

200

150

100

50

30

25

20

15

Positron, 3nC

B.5E
o"gMes 7/1 1/1/2021 7/1 1/1/2022 7/1 1/1/2023 7/1 1/1/2024 7/1
1/1/2020

B } BTp
i o
i } { .
B Prad
) ®
T | | | I T |
DR RTL Sector 3 Sector 5 BT After ARC1 BT2
(design) MS08 Ws WS MWP.1-4 MSP.8 MSP.15
- / [ ]
' Arc2-3
® ®
-, | I T T T
DR Ext. LINAC LINAC BT1 after BT2
(RTL) Sect.3 Sect.b Arcl
BT1 e+ 1-bunch
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. —_ Stored beam with n(o.)
improvement plan in 2024c o |
= Y= & .

Charge | « Both of 15t and 2" e+ bunches

increased from 3nC to 4nC at the end of
BT!!

Vertical

« Vertical bump in the BTe Arc3(A2)

« The vertical emittance is expected to be
smaller (~2/3).

Horizontal

« Change Bx at the entrance point from
100m to 160m (A3)

« Make lower injection oscillation
 Planned to be tested at 2024c

Horizontal

« Synchrotron injection
« Details are shown in ( ).

« HER: Planned to be tested at 2024c.

Inj beam in HER
Stored beam w/o n(o)

— Inj beam at inj.pt(oy)

b’beF '()O'AX/UX['= 14.73 — Inj beam at inj.pt(2.50;)
x10"4 = T T T T T T T 1) bkam at Ting.pt(30]) ]
0.5 \ 8
e o (G :
: / AX ]
-0.5 g -]
i T R S R Y B
-0.01 -0.005 0 0.005 0.01

X (m)

AX = /2Jxc B2

Betatron injection
By increasing Bx at the incident point, the injection oscillation (2Jy.)
can be reduced even if (AX) at the injection point is the same.

AX = A1, + /2Txfa

Synchrotron injection

If the incident beam is set to hx at the entrance of the ring, then for
the incident beam of A§=AX/n,, AX=Adnx, and v (2Jy.px)can be made
completely zero.

—The horizontal injection oscillation disappears and it becomes the
longitudinal oscillation.
Synchro-beta injection

By setting A§<AX/n,, the ratio of horizontal and longitudinal oscillation
can be changed.
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« 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).

« It has been demonstrated that the fast-kickers correct the vertical orbit of only the 2nd bunch.

100

. ) L. 15t bunch .
£2 751 M Nomatehdisaed |
£2 sof if i’ d“‘ Ego A-sector DR
%% ] T T o Fast kicker
m o I IHERmJ@:ctlon effl(:lenues I J ' :;‘ :f. [ v : NeW
é'—'—' 41 Vertical beam positions in LINAC ' v : EXiSting
é% 27 vsector = g
> 04/15 04/16 04/17 04/18 04/19 04/20 C ARCOSQRMMEL
2022 2022 2022 2022 2022 2022 ‘/J‘_’t_w“
« New SR monitor for beam diagnostics at ARCO1 of BTe BT
. . e F A
« New SR monitor was installed at ARCO1 of BTe. y
* There is an existing SR monitor at ARCO3.
« Two SR monitors make it possible to diagnostic electron . AR
: H H I H R extraction
beam at BT more precisely while keeping beam injection. N

2024/24/September

New SR
monitor was

installed.
_ Lina




1 i 34 -2¢-1 N 12 LER: CH B0 T HER: A0 | Y‘IOh”iShi “:_I KLulmilnolSit(yv;IitL oy
* Peak luminosity L, = 4.47x10%* cm™s i Specific Lumi. with A 393 bunches 1
* Specific luminosity L, = 5.9x10°t cm™?s?/mA? | % * ' | 2246 bunches Tk E
* E = ~ [ ]
° =0.9MmMm S . CW ON s oL R
* Beam current : HER/LER = 1180/1450 2 I i ¥ 5 o E
= 4 " x [ ]
* Number of bunches : 2249 £ CWOFF*\_ o = 567 - _
* Bunch current product (l,,l,) : 0.338 mA? £ 7 ooy | I T
° Crab WaiSt ratio . HER/LER — 60/80 % g1 #o0 005 o010 015 020 025 030 035 040 045 0 0.2 I:;]A:b_ [mAZ]e.a 0.8
. . . o+ - (mAY) Y. Ohnishi
* Findings from Beam-Beam Study & High Bunch Current Study 1 e oecosan cottision; 392 auvches Goze-06-1r
* Crab waist is effective to increase luminosity and |1, B o Coller s 44 1 c? ith ﬁ ]
S gl = E 800 Collision wi 3
* Single beam vertical blowup was observed over 0.5 mA/bunch in both rings. | 2 © lfi 1 | 393bunches g § ]
* LER vertical blowup due to Beam-Beam effect was observed 5o A I 1 gt 1% ]
* Lowering horizontal tune improves LER injection efficiency and helps to 5 Blowup 1 b M HER

Increase beam Current ’ " Bunch B(.;;rrem: (Dm:) " ’ o Bunch Current (mA) l v
L, reached 1.38x10%* cms* with 393 bunches

LER (2024-06-27) Collision: 393 Bunchetls (2024- 06 27)

e QOutlook for 2024c run gl N0 Collision I I 3 ix j: ‘ \ Tner/Tier = 7/10:
8 Blowup 2 = £ 57 \ E
* Increase total current (number of bunches) : N l & 15%1 r E
L,= 1.38x103% cm2s1 x 2346/393 = 8.27x103* cm2s1 3 . ol 156¢% . R I
* . . . i M ag T Specific Lumi. with 1
* Further B, squeezing (0.8 mm) and increasing total beam current £ 17$E  393bunches
. _ 35 21 (] a!z 074 c!e a!a 1 0: e‘}; 0,‘4 e!s g!e :1
Ta rget . Lp = 1)(10 cm=-Ss Bunch Current (mA) Il [MA?]

2024/24/September



* 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.

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

uo1329s y3iesss
oyo

* 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 ==
'

i Non-linear collimation scheme (conceptual diagram) ===-=====—g= === = e c e e e e e mm— = i
! Quad. Skew @ collimator

! Sext. . I _
| < °

S EE _________ | | & ___________ D — - - . )

|

|

L 4 p,= (K/2)(2)
: First sextupole magnet kicks Ap, = Kxy
|

\

unwanted beam particles.

Collimator scrapes unwanted beam
particles with large aperture.
(low_impedance)

Second sextupole magnet brings good
beam particles back to their original angle.

_________________________________________ 7

2024/24/September



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 DO6V1 TS“k\”'f’aﬁan!f '_‘_:'),_
* Beam lifetime : Very similar between DO5V1 and DO6V1 ol

Wo12va DOIgh ks PO2VL poana
2 / @ D12Ha TSUKUBA
M D12v3

# D123

@ D12H2

m D12v2

f L DO5V1
Non-linear collimation

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

e 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.
* 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.

I_S. Terui

" z @ : Harizontal Collimator, KEKB HER(S0x104) type
I : Vertical Collimator, KEKB HER(50x104) type
al Collimator, SuperKEKB LER{f90x220) type

WIGGLER

B Do9va
10| @ DosHa uperkEKB LER(f90x220) type

g LA {20ntal Collimator, SuperKEKB LER(f90) type

' DosH2 ® : Horlzontal Collimator, SuperKEKB HER(fB0x220) type
..Ug%g\lu 1 : Vertical Collimator, SuperKEKB HER{f80x220) type
I Dosv1

* During the summer shutdown, additional radiation shielding will be installed.

Conventional collimation

S. Terui —_—
1.50 Storage beam B.G. ﬁ.:" L _ Beam lifetime g—lOO Vertical emittance If_i DO5V1
T 7po6Vi close - ',ﬂ"" c 1= o5 DO6V1
S ; = S.T ) .
3 _ 1.25/(D05V1 open), , gos 3 o E 120 W |:j S 80 DO6V1 close?
9 E 1 e .ot 2 £ )
< 5 00 WA ol £ Do6V1close £ 60 $ .
Ko 0.75 5 Rhes w' JG-JJ R o™~ h 5mm
2¢ T ey, &£ 10[D05V1 open) 2 T 40 ! 2.4 mm
=5 o g = A\ 5 P R [ZAmm s
2 0% o D(;5V1&DO6V1 | 5 DO5V1&DO06V1 closc?\a\ £ 20 '
[} close - - . o]
@ 025 3 g § | mnen oo
0 45 50 25 30 35 40 45 50 04 06 08 10 12 14 Same effective collimation gap : 640,
Beam current?mA] Beam current [mA Bunch current [mA]
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* 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
e Others :Si, Ni, Cu, Cr, etc.

A I-F-DRMN-2ayk
FEEQEE TEMNCEREN A

2024/24/September



(@

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

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

2024/24/September

5T, A~ — 25~ TTAR, TIWr—3)
T O




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

( 2024/24/September
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