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Outline

» Introduction
» Tune scan using BBWS

e Weak-strong simulations: Principle investigations, not good for
predicting final lum. performance of a collider

» Tune scan with beam
» Summary



1. Introduction

» Observations in Phase-2
e Peak luminosity lower than predictions via simulations
e Easy blow-up in e- beam (HER)
e Small good lum. area in tune space via tune scan
e Unexpected Belle Il detector background
e No (or small) gain via squeezing Bxy"



1. Introduction

» Observations in Phase-2
e Peak luminosity lower than predictions via simulations
e Easy blow-up in e- beam (HER)
e Small good lum. area in tune space via tune scan
e Unexpected Belle Il detector background
e No (or small) gain via squeezing Bxy"

» General remarks

e Large crossing angle: long-time investigations and experiences
with realistic machines

e “Nano-beam scheme”: Extremely large Piwinski angle (>= 10)
with optional crab waist: popular idea (Super Tau/Charm, Super B,
FCCs ...) but lack of experiences with realistic machines. SuperKEKB is
showing ... Where we are? Where we go?



1. Introduction

» Phase-2 machine parameters

® Full crossing angle: 6=0.083 rad

E (GeV)
Ib (mA)
# bunch
&x (hm)

&y (pm)

£ (Um)
Bx (mm)
By (mm)

Oz (m m)

VX

vy
Vs

Parameters can be different
from operational ones because

of wrong RF voltage

200/6 200/4 100/4 100/2
HER LER HER LER HER LER HER LER
7.007 4 7.007 4 7.007 4 7.007 4

285 340 285 340 285 340 285 340
789 789 789 789
4.7 2.0 4.7 2.0 4.5 1.9 4.5 1.9
47 20 47 20 4.5 19 45 19
3.7 4.5 3.7 4.5 3.4 3.5 3.4 3.6
200 200 200 200 100 100 100 100
6 6 4 4 4 4 2 2
5.8 5.9 5.8 5.9 5.3 4.6 5.3 4.7
45.57 44.57 45.57 44.57 45.57 44.57 45.57 44.57
43.60 46.60 43.60 46.60 43.60 46.60 43.60 46.60
0.0234 | 0.0176 | 0.0234 | 0.0176 | 0.0258 | 0.0223 | 0.0258 | 0.0225




1. Introduction

» Geometric lum. formula
e Large Piwinski angle ¢ > 1
e Negligible hourglass effect in overlap region
e Flat beam
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2. BBWS simulation

» Optics: HER 200/4 mm and LER 200/4 mm

e Weak beam: LER:
Luminosity
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2. BBWS simulation

» Optics: HER 200/4 mm and LER 200/4 mm

e Weak beam: LER:
Lum|n05|ty Geometric luminosity:
| L=4.2x1033cm-2s1

Beam-beam resonances:
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2. BBWS simulation

» Optics: HER 100/2 mm and LER 100/2 mm

e Weak beam: LER:
Luminosity

Fractional vy
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Geometric luminosity:
L=7.1x1033cm-2s-1

Good lum. region fairly large

around (.57, .60)



2. BBWS simulation
» Optics: HER 200/6 mm and LER 200/6 mm

e Weak beam: HER:
Luminosity
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L=3.5x1033cm-2s-1

Strong high-order beam-beam

resonances.
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=> Small good lum. region
around working point (.57,.60)



2. BBWS simulation

» Optics: HER 200/4 mm and LER 200/4 mm
e Weak beam: HER: plots with normalization

Geometric luminosity:
L=4.2x1033cm-2s-1
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2. BBWS simulation

» Optics: HER 200/3 mm and LER 200/4 mm
e Weak beam: HER: plots with normalization
Luminosity Geometric luminosity:

e | L=4.8x1033cm-2s-1
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2. BBWS simulation

» Optics: HER 100/4 mm and LER 100/4 mm
e Weak beam: HER: plots with normalization

Luminosity Geometric luminosity:
=1 L=5.1x1033cm-2s-1
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2. BBWS simulation

» Optics: HER 100/2 mm and LER 100/2 mm
e Weak beam: HER: plots with normalization

Luminosity
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Geometric luminosity:
L=7.1x1033cm-2s-1

Surprisingly beam-beam
resonances not further
relaxed...

=> Need further studies.



2. BBWS simulation

» Compare with Lifetrac by D. Shatilov (Talk at IHEP, Apr. 11,

2014)
e w/o crab waist

Qy

Beam-beam resonance also
predicted by Lifetrac, similar
to BBWS!

py=0,1¢
This plot approximately corresponds to the
scheme currently adopted for SuperKEKB

. Thanks to Y. Zhang for sending the slides



2. BBWS simulation

» Compare with Lifetrac by D. Shatilov (Talk at IHEP, Apr. 11,

2014)

e w/o crab waist Crab waist is powerful...

Mission impossible?

Qy

Strong beam is not crabbed Both beams are crabbed

y Thanks to Y. Zhang for sending the slides



2. BBWS simulation

» Prediction of luminosity by BBWS
e Working point: (.57, .60)
e Strong-strong simulation undergoing (K. Hirosawa)

Geometric Lum. by

B,r Lum. BBWS
200 6 200 6 348 | 2.93
200 4 200 4 423 | 3.56
200 3 200 4 484 | 426
100 4 100 4 508 | 4.09
100 2 100 2 7.15 | 5.58




3. Tune scan with beam

>» 200/4 mm optics (both HER and LER)
e 2018.06.07 Day shift (2018 06_07 09 oki_fukuma.pptx)

B File Edit Plot Print Window

Integrated Luminosity 00[/pb]

Peak Luminosity 13.707[10°%/cm?/sec] @13:34

2018-06-07 16:59:50 Help

6/7/2018 9:00 - 6/7/2018 17:00 JST

|18

0.3E I T I I
0.25F , {560 |~ 107
E 43400 o
0.2F RS
—|0.15E =390 3
<, o 1F 200 2
z| " 25 107
o |0.05F ! =100/ =
S |o.38E= ' ' - @00 — '10®
O3k 3 g 107
£ = —150 | 7
< |0.25E : 5
A | o0.2E HERtunesurvey o | survey 0| £ 107
= J pu Lo |
0.15g rad. meas.@ . hid
©.1p ~Jse |"g [107
0.05E ] S
= 4 4 L L - '8
12-_ T T T T T T —o 10
T 12k, ’ A ) By*=3mm B .
e X-ray mon. camera e y E e 5
=| 10f- | ML
Bl By Mgl R e e =4 &
2 6E — B PR
£ = E S
g = , / -2 =y
3 5 Va / E 8=
0, 2 NIAAL E}
g g <4 iy I —t I —— I " ‘g(é) g
= 6 E— 20 | Sw
5 aE— 15 = &
— 3 10 |23
g 2E— 5 2
(% 0 . i l i 4 l i ' . l ‘ | i . | 4 1 0 §
oheMes 10N 11h 12N 13N 14N 15N 16" 17h
6/7/7018 -
FromYr:| 2018 Mon:| © Day:[ 7 Hr 9 For 1/3 Days Plot v Gr.Ratio W Belledn [ peakcw. © mom.cor.
RinaDailvSnap on kea-imac-report.kekbkekin:0.0 3] [ |



3. Tune scan with beam

>» 200/4 mm optics (both HER and LER)
¢ 2018.06.07: HER tune survey

Luminosity (PV value) ox (SRM@HER)
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3. Tune scan with beam

>» 200/4 mm optics (both HER and LER)
¢ 2018.06.07: HER tune survey

Luminosity (PV value) ox (SRM@LER)
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4. Summary

» In the present parameter regime for SuperKEKB
e Beam-beam effects are unexpectedly strong
e Various beam-beam resonances observed in tune scan via BBWS
® Near the (.57,.60) working point (current Phase-2 commissioning),
the beam-beam resonance vy+4vy+k*vs=N
» Tune scan with beam
e The two beams (e+ and e-) need to be balanced (bunch current,
beam sizes, beta*, etc.)
e How to balance: B-B simulations in parallel to beam tuning

» Future tuning strategy
e Strong-strong simulation (Ohmi-san and Hirosawa-san)

e Optimizations of key parameters: (lbunch, Bx,y", Vx, Vy) for HER and
LER => More beam-beam simulations

e Optimizations of linear and nonlinear optics via optics
measurements/corrections => Suppress lattice nonlinearity

e Crab waist (?)
21
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1. BBWS simulation

» Optics: HER 200/4 mm and LER 200/4 mm
e Weak beam: HER:
Luminosiy
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1. BBWS simulation

» Optics: HER 200/3 mm and LER 200/4 mm
e Weak beam: HER:
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1. BBWS simulation

» Optics: HER 200/6 mm and LER 200/6 mm
e Weak beam: HER:
Luminosity
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2. BBWS simulation

» Optics: HER 200/6 mm and LER 200/6 mm
e Weak beam: HER: plots with normalization
Luminosity
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2. BBWS simulation

» Optics: HER 200/4 mm and LER 200/4 mm
e Weak beam: HER: plots with normalization
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2. BBWS simulation

» Optics: HER 200/3 mm and LER 200/4 mm
e Weak beam: HER: plots with normalization
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2. BBWS simulation

» Optics: HER 100/4 mm and LER 100/4 mm
e Weak beam: HER: plots with normalization
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2. BBWS simulation

» Optics: HER 100/2 mm and LER 100/2 mm
e Weak beam: HER: plots with normalization
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