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How to get high luminosity
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Pu many particles in a small region
A Squeeze the beam size
A Increase the beam current

These are not trivial in fact akere are many limitations.



Hourglass effect
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Hourglass effect - head on collisions
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https://www.cockcroft.ac.uk/wp-content/uploads/2014/12/luminosity-werner.pdf
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Luminosity increases
by squeezing “ but
only down tc

(One of the limitations on
luminosity in KEKB,
X mm)


https://www.cockcroft.ac.uk/wp-content/uploads/2014/12/luminosity-werner.pdf

Nanocbeam schemees. rumona

A At a large crossing angle and small the hourglass effect
can be avoidedd T “ can be squeezed.
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Crab waist ;i

A With a large crossing angle, @#ntered particles do not intersect with
the oncoming beam atthep | A &4 O YA Y AYdzY LI2aAdA

A Align the waist with the oncoming beam axis by usiegtupolemagnets.
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Focusing

Y. OhnishiPo§ICHEP2020)695 Crab waist sextupoles (-I' transfer)



Luminosity

Major concerns in the past machine operation
A Beam instabilities A Injector power
A Beambeamblowup A Sudderbeamloss
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€ . number of bunches per beam
0 : number of particles per bunch

. vertical beam size at IP Assumptions to derive this equation:

, . bunch length A 3D Gaussian distribution

%o half crossing angle A, & is constant alonghe interaction length
I : beta function at IP A, O A%l

- emittance A Beambeameffectis not taken into account.



Upgrade (KEKB SuperKEKB
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Beam background

A Beamcollision(radiativeBhabhatwo-photon)
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TOP Background Rate [MHz/PMT]
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Beam background measurement
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A LERTouscheland beamgas are

dominant so far.

A Luminosity background will be

dominant in future.
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Collimator

KEKB typs¢

Bellows Chamber
Mask Chamber
¢ : Bellows Chamber
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Beam Orbit
Mask Head

Y. Suetsugtet al., NIM A513 465 (2003
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- oA not tapered
KEKB type: Tapered chamber itself Bea‘“/' - 1
approaches the beam. The tip is = 4 «E i ' |
made of Cu coated titanium. ey » " 2

T. Ishibashi et al., PR&B, 053501 (2020)

Two movable jaws approach the beam individua

Horizontal collimators mainly stops stray particles frbouschelscattering and
verticd collimators mainly stop those from beagas Coulomb scattering.
Theyare alsoimportant to protect machine components and Belle Il detector.
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Bel Ie I Id ete‘Ctd Superconducting solenod.5 T)

{ andmdetector

= — Resistive plate chambe(outer barrel)
Elﬁﬁw@m@emﬂa Off ,Qé / cmtlllator + MPPC
CslI(Tl), waveform samll ey :

(mner 2 barrel layers, endtaps)
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Trigger-andDAQ
' Max L1 rate: 0.3, 30 kHz
' Pipeline readout

GRID:computing
CPU MHEPSpe@® core;~ATLAS runi)
and 100 PB storage at 50%b

A4 outer layers DS

Better performance even at the
higher trigger rate and beam
background
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SuperKEKBelle Ilhlstory

A 2010KEKBun end P
SuperKEK8onstruction start 2

A 2016SuperKEKBhase 1

i Without QCS, no collisions e

i Without Bellell detector / T

I Beam background measurement :
with BEAST Il

A 2018Phase 2 (first collisions)

I QCS, Bell# (except VXD) installed—>
i BEAST in the inner mog

A 2019Phase 3 (physics runs)
VXD installed




SuperKEKBperation
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Luminosity record
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Y. Ohnishi, ICHEP2020

Vertical beam size at IP measured by XBI#124/0.224nm (LER/HER) at 4.65 ¥4@m¢&2sst
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Example of daily machine operation

04/21 23:59:37 - 04/22 23:59:37, 2022 JST
Lpeax 3718 x 103* cm2s1 @13:23:1204722 HERlpeak 820 mA  np 1662 B:/B, 60 /1 mm

int. c/day 2507 |/ 2764 pb7! LER lpear 1026 mA Ny 1662 B;/B, 80 /1 mm
Record of dajly recaorded luminosity ' [Beam abort reason]
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x F S 1 —20 L
o w0 b { Beam abort
L] L1 1 TR
_ 3000 Al % W W w0 | Subsyste error*
5 2500 : 180 =
£ 2000 Baking run e > A CDCx8
3 1500 = 110 @ A TOP 8
o — =}
3 - delivered ] E * i i
£ 500 —— 520 Including repeating errors
00:00 03:00 0600 00:00 " 12:00 1500 1800 2L00 of the same cause

2022/04/22

L. pheceran  httpsi//www-linac.kek.jp/skekb/snapshot/daily/dai022/daily202204.htm



https://www-linac.kek.jp/skekb/snapshot/daily/daily-2022/daily-2022-04.html

Example of daily machine operatiori

06/03 23:59:55 - 06/04 23:59:55, 2022 )ST

Lpeax 4221 x 103 cm2s1 @07:4331060048 HER lpeak 1040 mA  np 2151 B;/B, 60 /1 mm
int. c/day 1578 / 2141 pb7! LER lpeax 1301 mA My 2151 B;/B, 80 /1 mm
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2022/06/04

HER : Physics Run
LER:  Physics Run

- - <«

2

[Beam abort reason]
Severe beam loss
Minor beam loss
Beam loss ahjection
Pressurdourst

[Run stop reason]
Beam abort
Subsyste error*
A CDC x 23

A TOP x4

A PXD 2

* Including repeating errors
of the same cause

https://www -linac.kek.jp/skekb/snapshot/daily/dad2022/daily-2022-06.html



https://www-linac.kek.jp/skekb/snapshot/daily/daily-2022/daily-2022-06.html
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Major limiting factor for luminosity increase

Injector performance

LIIBM:SP_A1_G_1:ISNGL:KBE:10S (from RF gun)

DOE (diffractive optical element) in 15t laser line:
Laser beam homogenizer for low emittance

| beam w/ high intensity bunch charge.
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Target (design):
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F. Miyahara

2021c

Y ry/)

2022a,b

(target)

(Linac end)
(BT)

T
2020a,b | 2020c | | 2021ab ||
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. 3 DOE fo
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R 1stline
H laser
LIiBM:SP 16 5 1:ISNGL:KBP:10S
LIiIBM:SP 28 4 1:ISNGL:KBP:10S
. LIiIBM:SP_ 58 4 1:ISNGL:KBP:10S
. BTpBPM:QMDI13P_K_ 1:NC
| 2020a,b | 2020c | 2021a,b ||
B | + beam tuning I
| - Steering, BPM
in Unit 1-5, 1-6
— - beam tuning
- New FC
- Solenoid
current 1

+ Solenoid current (SL_16_)optimization
+ beam tuning (primary e- bunch charge 1)

[[f2021c

2022a,b

- decrease bunch charge
(MR request)




Major limiting factor for luminosity increase

Short beam lifetime

Y. Ohnishihttps://kds.kek.jp/event/44562/contributions/227034/attachments/161845/208670/Lifetime_Summary.pd

2022-06-22_08:44:38.036_IPTiltwBCT with mod. sextupoles

The beam lifetime is evaluated by an ellipse inscribed in the dynamic aperture (stable region).

Crab Waist OFF

Touschek Lifetime: 1444 sec
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Touschek Lifetime: 633.1 sec
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no machine error
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collimators
no machine error
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CW ON reduces the dynamic aperture,

Crab Waist ON

Touschek Lifetime: 504.7 sec
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Crab Waist decreases horizontal dynamic aperture. It becomes more significant wi
momentum deviation. The reason is the interference between QCS nonlinear
Maxwellian fringe and Crab Wamsxtupoles
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https://kds.kek.jp/event/44562/contributions/227034/attachments/161845/208670/Lifetime_Summary.pdf

Major limiting factor for luminosity increase

Beambeam performance

A Observed luminosity performance is much lower than
simulations with BBSS (Beddmam Strongstrong).

D. Zhou

fl

Not understood yet



