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Operation Statistics

2019 a/b

4 @ Machine Tuning @ Machine Study ® PhysisFun @ Machine Tuni ® Machine ® PhysicsRun @ Machine Tuii ® Machine
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Operation statistics
2019 -2022

Physics Run @ Machine Tuning @ Machine Study Physics Run @ Machine Tuni @ Machine Swdy 4@ Physics Run @ Machine Tuning ® Machine Study
® M ® Moinmnancs, Others ® Toubles @ Maintenance, Others



Beam-Beam Parameter and Specific Luminosity

@ : physics run

X : HBC - High Bunch Current Study (393 bunches) Crab Waist ON

0.06 N
e LERE, . & e B ,=08mmCcw
LER < - *o= ’
. HERE, (e+) ) By = 1mm < 10 \ By =0.8mm . B=1mmcw
X LER ., (HBC) § - - i o Bi=1mmNoCW
0.05F « HEr £, (HBC) ' o I ¢ ‘.. 'y
L [
’ 1] x £ 8 . s Crab Waist ON
‘ . *;( S - 1. 2 s‘q ]
0.04}- . % a§ T el % . e
<X x — 6 . 'h e %o o
X x % X - ..: , s *
. .’ ﬁ‘ 5 = -, c-ﬁ.'. % o ﬁ*zlmm
+ a » ﬁ @ . ‘. y
W2 0.03F i ¥ e 4 r =1
£ By = 1mm .
HER (e = r Crab Waist ratio is 0 %
0.02h ? e 2r data from 2019.
é L
«n L s s s s | s s s 1 s " s | s L L s 1 s s s s
0.01k 0.0 0.1 0.2 0.3 0.4 0.5
2
lp+1p- (MA?)
PSR S S R T T | N T T SN ISR TR S SN SR T S S M1 IR [ T S TR TR IS
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 L _ L o 1
sp —
nplp I 2,27
Ib . (mA) b b+ b z Y
*
LBy 0.0565(LER) / 0.0434(HER) The CW improved luminosity.
£y:|: == 287‘3 T atlor = 1.1 MA Data without CW was not the same period as CW data.
I:I: We will confirm the luminosity gain in the next operation.

Also the CW ratio will be optimized by lifetime and luminosity gain.
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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*
Piwinski angle
Crab waist ratio

Beam-Beam £y

Specific luminosity

Luminosity

Machine Parameters

Machine Parameters

May 22, 2022 June 8, 2022 June 22, 2022 3 Unit
LER HER LER HER LER HER
4.0 4.6 4.0 4.6 4.0 4.6 nm
744 600 1321 1099 1363 1118 mA
1565 2249 2249
0.475 0.383 0.587 0.489 0.606 0.497 mA
17.6 16.6 1[7is) 16.6 1170 16.6 wm
0.250 0.303 0.315 um *1
0l L 0:215 0.223 pum *2
44525 /46.589 | 45.532/43.574 | 44.525/46.589 | 45532 /43.573 | 44.524/46.594 | 45.532/43.574
80/0.8 60/0.8 80/1.0 60/1.0 80/1.0 60/1.0 mm
10.7 12.7 10.7 12.7 10.7 12.7
80 40 80 40 80 40 %
0.0309 0.0219 0.0407 0.0279 0.0398 0.0278
8.74 x 103 721 x 103 6.95 x 103 cm2s/mA?
2.49 x10%* 4.65x 103 4.71 x 10% cm2st

*U estimated by luminosity with assuming design bunch length

*2 divide *! by V2
*3 Belle Il HV off



@i Long Shutdown 1 (&)

Nonlinear vertical collimator (LER)

[

« reduction of impedance and backgrounds

IR radiation shield modification

®

« reduction of backgrounds

Robust horizontal collimator head (LER)

@

« replace with carbon-head for horizontal collimator.

Copper-coated vertical collimator head

@

e countermeasure for "fireball"

« reduction of impedance

Carbon collimator head
Beam pipe at

HER injection point

New beam pipes with wider aperture a injection
point (HER)

RF cavity modification and replacement (LER)

@

[

« stable operation and larger beam current

Ref. K. Shibata et al. 26
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Super

<= (LS7) upgrade for Injector

B High—speed pulse kicker magnets at the J-ARC and the sector 5 to control

the orbit of two bunches independently.

Large aperture pulse Q magnets at the entrance and exit of J-ARC to
optically match the low—emittance e— and e+(primary high charge e—) beams
independently.

Four large aperture pulse Q magnets in the sectors 1-2 to make optical
matching for both high energy e— and low—energy e+ beams and to reduce
the emittance growth consequently. p——

e ".‘ - B i "‘ =13
" e |
y = pulse ki er Vi ,“ﬂ
lf'r, __ =l ; 7 =

(S )

- Large-aperture T
= Caa pulse Q-magnets R

® Large-aperture
Q-magnets 1

=

High-speed pulse | = ut
kicker magnet

Large-aperture
pulse Q-magnets

A

Large-aperture pulse Q magnet in 1-Sector



@ﬁER injection line physical aperture €&

» Problem of HER injection

» Wall can be an obstacle to injection.

« A wall should be placed between beam channels for stored
beam and injected beam.

« Injected beam orbit is too close to the wall.

« High levels of radiation detected at the injection BPM
chamber indicates that the injected beam hits the wall.

« Itis hard to modify the injection beam orbit.

= it is necessary to enlarge the horizontal aperture

of the injection channel.

e ] [\. lida (2022.1.21) BITF meeting
& A kil -

i — A

ek aiad

*  What s planned during LS1
+ Replacement of three beam chambers with new ones.
* Update of injection BPM
= More precise injection tuning

No enough room

wall

Injection orbit of the electron beam

SE1

Injection
Point

QI4E f }

T
(unit in ;mm and mrad)
/

Injection
BPM ‘

chamber center

(k. pak)
.—

(Z5, Prs)

Kicker height and septum position

(zk, Pox) = (28, —1.814)

3 mp
kicker bu np

uye::i»;d peam

-

beam channel

Ty, Prs) = (38, =2.607
(Za, Pea) = ) Orbit from the camber center
- yy.yy Camber dimensions
oxp = 0.7
Orbit clearance from chamber wall
a.; = 0.38
(€z7 = 100 pm, Byy =20 m)

M. Kikuchi
BITF meeting =

(2021.12.03)

K. Shibata



@fi TMCI Observation at SuperKEKB

2+ 3v=N vev2umN  evev=N LER
1 B File Edit Command Window 2022-02-28 19:49:12 Help
46.62F -l LER Pilot Bunch Tunes
L 46.592 & e —1
0.8 & A‘Vy/AI = —002286mA 1(m3) 115.6 WmA) 1 461 Lite(min) {8
| i 46.590 - .
R } ; orr 44.5267(raw)/ 44.5267(fit)
J ! -2 oF T T 9
46.581 ’ T ! e 4 06 46.588 - E .
’ = 19
| | - - 2 | -
> Tosl 5 46586 g o
46.56 = £
4 -10)
¢ 46.584
04+ : Bea m |OSS 44.515 44f52 44.‘525 MtSB 44,535
46.54 5 . .. . Vy ©2/28/2022 19:49:08
§ during injection 46582,
0.3
A5 46.5748(raw)/ 46.5820(fit)
i _ 46.580 10F T T T 3
‘ 02 Npiiilned E o ..}'0‘}3. E
At . L . 3 t e E
463850 aas52 4454 4456 44.58 4460 4462 1555 7ol 17 3803 04 05 06 07 08 =19 g
1 (mA) D 20p 4 '.,.p:ﬂ K
" 2020 B RAETET
. . = L E
single bunch operation :

L L L L
46.57 46.575 46.58 46.585
\)y 02/28/2022 19:49:09

Tune measurement:
side band was observed
at high bunch current.

Simulation: PyHEADTAIL (Av, /Al ~ v,/2)

We observed TMCI at SuperKEKB when we used a carbon head for one of the vertical collimators.
The tune shift was similar to the synchrotron tune and the threshold was 0.85 mA/bunch. (2020)

Re (Avy/vso)

We control the vertical collimator aperture to keep the tune shift less than half of vy.
The TMCT threshold becomes 1.7 mA/bunch in the LER for the normal operation.

0.0 0.5 1.0 15 2.0
Bunch Current [mA]

T. Ishibashi * We replaced the carbon head with tantalum after this experiment.



@fi Single Bunch Tune Shift and Impedance

Tune shift is equivalent to impedance. Larger circumference (larger To) makes larger tune shift.
Av
Y 0 Z Ty
= — ki (d = 0.2(ps/kV
Ib 47T(E/e) - 1893 "'( ) - an(E/e) (ps/kV) for SuperKEKB
0002 Kick factors of vertical collimators are calculated by GdfidL (and ECHO3D).
’ ¢ B /=48.6 mm . . . .
0.000F * 5-8mm The vertical collimators contribute approximately 70 %
i o s-2mm LER of the total impedance.
—0.002p ¢ B/=1mm
| other o #;=1mm, Dosv1damaged \etical beam size blowup was observed at much smaller than the TMCI threshold
—0.004[impedance " . e .
_ i -1 mode instability" « impedance and BxB FB tuning
'|=E _0-006;_ nominal + nominal e ©  BxBFB OFF i
£ F operation 2 Ocovlopan ‘ < BB FB ON (SHIFT GAIN UV DVO) &
;_; _0-008,_ 500 “:é‘;,-h 200 s BxB FB ON (SHIFT GAIN UVO Dvl);e
sbﬁ _0-010; 400+ o~ .?'.: o
< g = collimator = W . g%‘ .
-0.012F g o close < %" BxBFBON
—0.014f damaged sk "-'~.“ ) I BxB FB ON g after tuning
i collimator * '?A*”’ : 5 i
—0.016[ ool P.-p‘ﬁ"’ open ! IR SO
i \AO P E o e AW
S S S R R S G R sl ‘ BxB FB OFF
=10 0 10 20 30 40 058 10 12 14 16 %2 04 06 0.8 10 ) 14
ZB,,KL for vertical collimators (kV/pC) Iy (MA) I+ (MA)

0.9 mA/bunch
Zﬂyx = 33.3(kV /pC)



@—2 Reduction of Impedance: Nonlinear Collimator

We install a nonlinear collimator (DO5V1) to reduce impedance ™™ ' “” . - ' '
..__ .._ ¥ . - 2 =
in the vertical direction. .A '
. SK.
OHO section Apy ==21y?
before LS1 T2 after LS1

8 ' i b ] ¥ . . 1 I » ' L v ] - ¥ 3 hd T b ] 20_' X n ] T '\ b i = T ,a' % iof i T i o * ot T E
€ f W A W W | € 15f A -\ 3
@4:_5\/'\_\_\\\ /( }J}\/\ } \ )Q/ X } K \_ {5\\/-.\ {./-\(_. ->{_;! J‘{-"/ - \_\.ng ém_ / ‘\\4\ ""' o~ A
£ B w s \ AN o 2 Lo L
O MENAY HIAKAXAXL T o PSRV e VR A

- + 1

-+ _=_ + + i + + + 1 + + + + 1

My 1y (Mm)

TELIEITL TN I Wt RRTITITY
llw if,'f \ll'f M\lﬂ m m %J \«[ ]ﬁl WI ]|ll,l 'M' 'W..' - 3 T |

5
5 9
x L
i e (collimator) 'R j 1
2o A
02F : f : —— o3F : : ; —
i | 4 F‘QZ»
) e e e v o e e v e e go e
=-01F I I I I I I I I I c: =-0.1F | ! | | I I | [
*02F ; X 02
03 i L i L = 03 I
2200 2250 2300 2350 2200 2250 _ 2300 2350
Hr— bl ve e e e e —— %%%H&H%%Hﬁlpmhphmlﬂmlakl
o (=] [=] Q o 2 [=] o % o 2 o QO [»] oo o o o o [=] [=] o o o o o Q Q o [=Rols]
i ofifciidiigidiiiGeil ik R IR IR R
333 33 3 |32 PR OTTITEILS NG GRS 383 3 3 3 3= g g g%g%%%Q 585
_ wiggler section _ skew sextupole
positron positron —— pair (SNAP) Ap,, =27 to QCIRP
M=-T'
Damping time (msec): Damping time (msec):
X @ 4bLeTFER Y : 45.68328 Z : 22.84954 ® & 52UB9RE7 ¥ & 5300312 Z 1 26.50934

27
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@fi Sudden Beam Loss (SBL)

Beam becomes unstable suddenly at high beam current. _
Beam loss can lead to severe damage on collimators or final focus magnet (QCS) quench. Damage of collimator head

LER beam current : 1.4 A
number of bunches : 2249
luminosity : 4.58 x 1034 cm2s!

Beam loss within a few turns
without large oscillation before the loss.

1 turn LER

,,,,, —p
 Tumaor7, ) Tum4078  Tumaore Tum aoso ) ) Tumaosd
_ o4 BOR(LERhor) | ! : ! ! !
Horizontal €=, AR S Fireball hypothesis
. 5 fop— - o i I Ir |
position  z-= i ‘ S P
B TR R i : Physical process of the “Fireball” hypothesis, leading to fast beam loss
. E 0.4/ BOR(LERver) (@ A microparticle with a high sublimation point
Vertlcal E 02} | is heated by the h.eam-w'nducedﬁeld. @) The fireball touches some metal surf;
. 5 00— — - — — ¥ Fireball with a low sublimation point (e.g. coppel
o -
position zo2 e & e T
S AN VRN I _ B evesei [T
_ | BCM(LER) .
T 2 trains | . /
Bunch 3 s | orderof S orlonger
a L i i
‘5 0s
o @) Plasma is generated around the fireball. @ The plasma grows up vacuum arc,
Current o possibly leading to signifi s with the
L B loss(LER) | m“ﬂ s;mgm beam particles.
£ o4 {
Amount of = N g )
S0l Order of ~100 ns at the fostest
beam loss 3™
00~ iz'éBo'L;éiseﬁt 'isdo'm: &Bﬁuéi'sedt"Naédé'éno"{z’aan'uéi’s:t' aaib's’l;é na'Bouéiﬁeo't'aﬁh bry uagué?:e"t 'zaao 5120 uascu;skﬁeat eraao 5120 uaBnué;beot |%e-m 5120 ”asouéifeot Istm 5120 T. Abe at all, RF breakdown trlggerl PR-AB 21, 122002, 2018.
Trigger source can be collimator head.
M. Aversano 99

Copper coating of collimator head will be effective if different sublimation point is problem.

13



Vertical Collimator

TOP side BOTTOM side

Photo from downstream. top

bottom

We never expected the collimator damage before the commissioning. There are many dusts.
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BPMs, Quadrupoles, and Sextupoles

BPM is fixed at quadrupole magnet and displacement monitor measures relative deviation (horizontal and vertical)
between the BPM and the sextupole magnet.

BPM and Quadrupole Magnet Crab Sextupole in the HER

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

The beam pipe (BPM) is fixed to the quadrupole magnet.
Gap sensor measures (Ax, Ay) between BPM and sextupole.

Relation between BPM and quad. does not change. (see left fig.)
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Yao, Mu-Lee

Deformation

0.000 3.500 7.000 (m)
1.750 5.250



61 researchers are joined to the ITF.

!ﬂt.l‘ﬂltlﬁﬂ.l T.'k 'orc. ("F) for SUPCI'K!K' (26 researchers from foreign institutes ~43 %)

Find a realistic path to achieve 103> cm2s in the post LS1 (1st long shutdown since mid. of 2022). FCC-ee, CEPC, EIC, Super-Tau-Charm

Find ideas to achieve 6x103> cm2s after LS2 with a view to major modifications.
Investigation of factors inhibiting machine performance improvement

ITF 2023 activity is from January Analysis of data obtained from operation through summer 2022

to December, 2023 for 1 year. - Planning of mosdtirf?gaeggn?irnpgf:tgé
Chairperson: Y. Ohnishi Beam Tuning

Please join Mattermost:
https://skb-itf-chat.kek.jp

You can create your account.

Y. Ohnishi*
H. Sugimoto®, R. Thomas®

Collective Effect

Beam Injection

Luminesity " N. Tida?
improvemen T. Yoshimoto®

G. Mitsuka?
M. Migliorati®, N. Wang®, D. Zhou?,
T. Ishibashi®

Sudden Beam Loss IR Upgrade

D. Zhou
X. Wang”

H. Ikeda®
H. Nakayama®

ITF is erganized under the B-Factory prometion office at KEK, " KEK, ® CERN, 9 UNIROME1, ® IHEP
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©

@fé Toward 2.4 x 1035 cm2s!

Specific luminosity x10°! (cm™2s~/mA?)

The first milestone after LS1 is 1035 cm2st,

12
2x10%

[
10 2.08A/1.48 A

B, =0.8 mm

increasing bunch
currents

2:75-Af-22-A
L=2.4%x10%

B, =0.6 mm

*

6_..
4_
2, B, = 0.8 mm CW
e B/=1mmCw
| | | | |
00 500 1000 1500 2000 2500

lp+1p - Np (MA?)

28

B
S [ (A

Unit of luminosity:
10°* cm?s! = 1 KEKB
103% cm2s! = 1 SuperKEKB

We attempt to improve luminosity
toward a new luminosity unit.
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Super

<Exa Recent status )

B HER new injection chamber has been installed successfully.

B OHO NLC elements, such as skew sextupoles, new vacuum
chambers, lead radiation shield after vertical collimator have
been installed successfully. OHO concrete radiation shield have
been restored. Additional concreate shield will be installed
soon.

B QCS-L (backward) has been restored. L—side magnets, vacuum
chambers are also restored.

B First trial of QCS—R (forward) insertion failed.

e Found (not negligible) interference between RVC and cable support of VXD. Also
seems to damage RVC structure.

 DESY group has quickly prepared modified RVC gear not to interfere cable
support.

* Up to now, operating ring in December will not be easy (almost impossible).

20



Super

EE Summary

B Peak luminosity of 4.7x10%*cm™2s™! has been achieved

B Demonstrated stable operation over 1A in the LER (with
smaller bunch current less than 0.7mA/bunch)

B Sudden beam loss is serious challenge to increase luminosity
and beam current, up to now.

B Many other challenges:
* Vertical beam size blowup in LER
 Beam line deformation with HER beam current

* Shorter beam lifetime; both dynamic aperture and physical aperture (beam
collimators), need to clarify the effect of crab waist.

* Injection efficiency, long—term stability of the injector.
B Several upgrade items during long shutdown 1.

B International Task Force for SuperKEKB upgrade

« Beam Tuning, Collective Effect, Beam Injection, Sudden Beam Loss, IR Upgrade
subgroups are actively on—going.
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