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Q= Luminosity Challenge
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Hourglass Effect, Crossing Angle.

In the flat beam, o7 = 30 - 50 nm is a target. - g < 1 mm and ¢, < 10 pm

Overcoming hourglass effect to squeeze p;
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Luminosity Challenge (cont'd)
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Vertical Dispersion X-Y Couplings « Machine Imperfection

Vertical Emittance

Combined Effect of Collimator Impedance and BxB Feedback Noise — -1 Mode Instability
Optics Distortion due to Machine Imperfection

Beam-Beam Blowup

Betatron Resonance — Crab Waist Scheme can mitigate.
Combined Effect of Lattice Nonlinear, Beam-Beam, and Wakefield



Two New Technologies

P. Raimondi et al., LNF-07/003

1. Nano-Beam Scheme
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2. Crab-Waist Scheme

Sext CP
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Waist moves to
the opposite beam center.

Suppression of Betatron Resonance
Related to Beam-Beam Interaction

Key: Strong Sextupoles with Specific Optics
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Beam-Beam Simulations
D. Zhou et al.,
Phys. Rev. AB 26 071001
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Crab Waist ON and OFF

SuperKEKB Machine Study in 2024

Experiment on March 12 and March 21-22 2024
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Crab waist is effective at high intensity.

Crab waist changes betatron resonance structure.
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Simple IR Physics for IR
DA®NE Performance Summary
DA®NE DA®NE CW upgrade DA®NE (CW) DA®NE (CW)
Crab Waist Sextupole KLOE (2005) tested W'ISO(S)L?DHARTA KLOE-2(2014) | SIDDHARTA-2 (2024)
m i S =7 = P Raimondi et al. L peak [cM2S] 1.5010% 4.53+10%2 2.38+10%2 2.4¢10%2
The first crab sextupole in the world (DA®NE). |! [Al 1.4 1.52 1.18 1.29
Successfully tested in 2008 - 2009 " [Al 1.2 1.0 0.87 0.887
g, [Mm mrad] 0.34 0.28 0.28 0.28
Physics events evaluated on the base of Nbunches 111 105 106 110
preliminary conservative considerations exhibita |/,.L [pb7] 0.4 0.79 0.67 0.41
signal to noise ratic_) 3 time higher with respect to || 1 b7 9.8 (seldom) 14.98 14.3 9 37
the one measured in 2009. I L [fb] 3.0 6.8 oy
- SHIDDHARTA-2 2.4 x 1032 cm-2s-1| ¢ 0.0245 0.0443 (0.09 w.s.) - -
= 25 : : ;
:'&; L axsE- Daily Peak Luminosity M Lsp [cM-25-1/mA2] 0.99 x 1028 3.13 x 1028 2.46 x 1028 2.31 x 1028
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SuperKEKB Operation History
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Ver. Emittance (pm)
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@Ej Interaction Region at SuperKEKB

Detector Solenoid Detector Coverage and Accel. Region
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Obstacles to Increase Beam Current

Sudden Beam Loss — Quench of SC Final Focus Magnet, Collimator Damage, Detector Damage

Large beam loss (~40 %) within a few turns
Quit different from known beam instabilities

"WVACSEAL" (Vacuum Sealant)

Changes Black Stain Specific to Wiggler and IR because VACSEAL was used there.

Baked by SR — Amorphous Graphite MO-Type Flange
' Beam-Dust interaction is a candidate of SBL events.
VACSEAL
E High
B Vacuum
Leak
Sealant 5 . . o
o Cleaning Work — SBL events are significantly reduced.
Number of pressure burst at Wiggler Number of beam abort accompanied by pressure burst at Wiggler
§, ) 7 D10_LO2 Event Frequency with Beam Abort
3 30} L ol . . e o L6 2 101 |
» YL L - Yo ® B . X o .‘.o | ; i :
§ 25 X & .o i .o‘ : ® ¥ ... .. .o. . ) o.o | 1 §§ 8F :
R N R IECR KIS - Beam : 3 §
27 i ' Current 1°%; 5%
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Cleaning Work at Wiggler Flange on November 6



Beam-Dust, Ion, Electron Cloud Interaction

Ionization
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Simulations of Beam-Dust interaction is on-going.
KEKB < FCC-ee < SuperKEKB



Peak luminosity [><103 SCIIl'ZS'l]

N

| - ! ' ' | ' ' ' ' [ ' ' ' ' [ T 70
Peak luminosity _

_ [ —— V5 e ot | SO / /__::' 60
I Integrated luminosity (delivered) | _
- —_ W/ QCS upgrade | w/o QCS upgrade / —

| | Y S 50
Projected by SuperKEKB/Belle 11 / E

T R T A A A A S A S S e S e S e A S s AT / ..................................... _: 40
e Long Sshutdown | oo dnomiA —

(LS2) / 130
P | _

e S A TR oSS S SRR TR / / . / .............................................................. —T_ 20
We are here. / B

CLong shutdown | S 70
(LS1) / -
: ¥dR. I I'_ !_ -

Jan

2024 Jan 2029 Jan 2034 Jan 2039

Integrated luminosity (delivered) [ab™]



Machine Parameters of SuperKEKB

Ring
Emittance
Beam Current
Number of bunches
Bunch current
Horizontal size o\*
Vertical cap sigma Z,*
Vertical size oy*
Betatron tunes v / vy
Bx* / By*

O
Piwinski angle

Crab waist ratio

Beam-Beam §,

Specific luminosity

Luminosity

Step-by-Step Improvement

December 27, 2024 Next Target Target before LS2 Unit
LER HER LER HER LER HER
4.0 4.6 4.0 4.6 4.0 4.6 nm
1632 1250 k2080 1480 Ok 3026 2000 mA
2346 2346 2346
0.696 0.537 0.89 0.63 1.29 0.85 mA
15.5 16.6 15.5 16.6 15.5 16.6 um
375 217 159 mm
265 154 112 nm
44,525/ 46.589 | 45.531 / 43.599 | 44.525 / 46.589 | 45.532 / 43.573 | 44.525 / 46.589 | 45.532 / 43.573
60/1.0 60/1.0 | 60/08 | 60/08 Sk 60/06 | 60/06 mm
4.6 (6.0%) 5.1(6.1%) 4.6 (6.5 5.1 (6.4%) 4.6(7.5 5.1 (6.9%) mm
12.3 12.7 12.3 12.7 12.3 12.7
30 60 30 30 30 30 %
0.036 0.027 0.0444 0.0356 0.0549 0.0475
5.8 x 1031 /.62 x 1031 9.30 x 1031 cm2s1/mAz2
5.1 x 1034 1 x 1035 2.4 x 103> cm-2s-!

*Bunch lengthening is considered by using streak camera measurements.
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Stand-By On-Going Future Collider Projects
e+ / e DA¢NFZ((:)|-2a4b) Waist Su(pze(;‘;(:)KB FCC-ee (ZH) CEPC (ZH)
Energy E (GeV) 0.51 4 /7 120 120
Emittance ex (nm) 280 4.0 / 4.6 0.66 0.64
oy* (nm) 3100 (low current) 265 Q D
Bx* (mm) 230 60 240 - - 300
By* (mm) 8 1 1 1
Bunch Length oz (mm) 15 4.6 (6.0) /5.1 (6.1) 3.3 (5.6) 2.3 (4.1)
Piwinski Angle ® 1.7 12.3 (16) / 12.7 (15) 3.8 (6.5) 2.8 (4.9)
B““Ch(':(‘i';‘l'(',?tm“ N 1.63 / 2.37 4.37 / 3.37 12.7 13
Number of Bunches np 110 2346 440 268
L (cm-2s1) / IP 2.4 x 1032 5.1 x 1034 7.5 x 1034 5.0 x 1034

eeFACT 2025

eeFACT 2025

FCC Integrated Program Stage 1: The FCC-ee

CEPC TDR
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Salient Points

® High Intensity Machine — Very Interesting and Big Challenge

® Reducing Impedance

® Nonlinear collimator helps reduce the impedance with background mitigation. (Full-Swing in the Next Run)
® Design of the IR should be simple as much as possible.

® Lattice nonlinear in the IR reduces dynamic aperture (Touschek lifetime) and can also affect
Beam-Beam performance.

® Try to correct imperfections. SuperKEKB has sextupole, skew sextupole, octupole correctors in
the final focus.

® Beam-Beam Blowup
® Combined effect of Beam-Beam, lattice nonlinear, and wakefield can affect luminosity.

® Squeezing p* and increasing beam currents form the basis toward higher luminosity.

® Lower g* with small emittance reduces dynamic aperture. Chromaticity correction is big challenge.
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DAONE Team
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Contributions from:

G. Broggi, J. Keintzel, M. L. Garrec, M. Ady, J. Salvesen, K. Oide, R. Soos, F. Zimmermann, R. Tomas, CERN
B. Dalena, Q. Buruant, CEA/Sacley

M. Li, IHEP/IJCLab; S. Wallon, IJCLab

I. Agapov, DESY

M. Migliorati, Sapienza University of Rome

L. Ruckman, SLAC
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® Sudden Beam Loss in SuperKEKB

® Beam-Dust interactions; Amorphous Graphite: VACSEAL Baked by Intense SR in the Flange Connection
® Cleaning work is on-going. — Expected to Be Solved.
® Comparison between experiments and simulations is also on-going.

® Don't use VACSEAL for MO-type flange. (Not found inside HELICOFLEX-type flange)

©®© Beam-Beam Issues
® X-Z instability can be understood. Reason for the Beam-Beam blowup is still unclear.

® Beam-Beam simulations on GPU machines (Weak-Strong and Strong-Strong include lattice, machine
imperfections, and wakefield) are on-going.

® Very Short Lifetime in Nono-Beam Scheme with Crab Waist Scheme — Injection Performance
® Small dynamic aperture and Beam-Beam may require longitudinal phase-space injection.

® International collaboration with CERN, IJCLab, DESY, IHEP, Frascati, SLAC, BNL, and Fermilab
works to overcome these challenges.
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