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Collision with a crossing angle

- KEKB 0,=11mrad, ,0,/5,=0.75

 Main

limitation source was x-y

coupling at IP and electron cloud.
e Day-by-day tuning of IP coupling

« Winding weak-solenoids around
whole beam chamber, luminosity
increased.

e | =1.712x103* cm2s1
. Lsp=1.067 x1031 cm2s1/mA?

* gn,:I: —

QTeﬂy,iL —
N f 0.0883, 0.0435

e- tune shift is limited by e+ beam blow-up.

Nov. 2006 (w/o crab)
LER HER

Circumference

Hor. Emittance (nm)
Beam current (mA)
# of bunches

RF frequency

RF Voltage (MV)

Vs

v/ vy

By /By (cm)

o (mom. compact.)

o QTeﬁy,iL

§nt =
" fY:I:N:I:fcol

Beam life (min@mA)

Lumi. (103* cm2s?)

3016

18

1662

8.0

-0.0246

45.505/43.534

59/0.65

3.31x10*

0.0883

110@1600

24

1340

15.0

-0.0226

44.509/41.565

56/0.59

3.38x 10*

0.0435

180@1340



X-y coupling at |P

e First observation (tuning) of x-y
coupling at IP. HER r2,r3.

* [P coupling and dispersion
corrections were established as
main tasks of commissioning

shift after this time in KEKB.

B Ale Edit Wndow

Beam Parameters Summary = Beam Beam Scan L y

History
(-~ Luminosity History =
' Lum2000_1_15 23 17 21.dat
or T T T
T e
% 100 }_ N =]

Luminosity [*10°%/cm?/sec]

100

i ‘(g‘—"c'“3
| O O YOO | it R
23"s0™00° ooh4i o1h3g™
01/15/2000 0118™, _
Vo681 T 1370

- geyes

0171672000 02:18:12
~ Luminosity - - =
o, [m] (for Calculation) 1.7E-4
o, [um] (LER) 131.1709
@, [um] (HER) 546036 |
o, [um] (LER) 3.1702
o, [um] (HER) 1.8555
Total Beam Current (HER) [mA] 171.5319
Total Beam Current (LER) [mA] 186846 |
| Number of Bunches 870
i Av. Bunch Current (HER) [mA] 1872
| Av. Bunch Current (LER) [mA] 2148
By Im] 1
By Imi
« (coupling) [%]
& (HER)
£’ (LER)
&’ (HER)
&’ (LER)

Luminasity (Acc with o, (design) D TR 025

1.90569E32

2.10693E32

Luminesity (Acc with o,(meas))
Lumingsity (Csl)
Luminosity (EFC)

Shal Stop | Read |
- Specific Lumiﬁogify z B

Csl-6.5706 EFC=6.5919

(1~ GRS AR SHISa- S - ek )
| Ea Racd Easa

Lum(EFC,Csl)lpfle * 1000

L ! .
23hsomop® oohdo™  01h30M
01/15/2000 01/16

2.11376E32

]



Seam-beam potential

1 —exp ( X y )
OO e b el 2
UG(X,y) _ P xtTu y+u du
7 Jo \/(2(52( + u)(20}2, + u)

« Crossing angle

Upp = /)\(Z’)Uc(x+ 0(z—2'),y + pys;s)ds s=(z—-2)/2

1

Yy =10y  — Rix™ — Rypy Py = Py — R3Xx™ — Rypy
Many x-y resonances appear in
the beam-beam potential.

s - N




Crab crossing

e Crossing angle is equivalent to x-z e Weak-strong.
coupling at |P. 0.3 Omrado o o
« Removing the x-z coupling and s 020 :
choosing the operating point oaf et dimad
v,=0.5+¢, beam-beam tune shift can S —
be increased drastically. I* (mA)
e ©»  Strong-strong
O mrad
0.10- e % e -
« Beam-beam simulation with Gaussian approximation - 0.5 _ SN I
can not predict beam-beam limit precisely. ' o " 1 mrad
0.00 - ' ' '
. 0.0 0.5 1.0 1.5 2.0
Uss = | AZ)Us(x + 0clz = 7).y + pysis)ds r
FIG. 3. Beam-beam parameters for crossing angle of 0 and

- I mrad as function of bunch current. (a),(b) were obtained by
X- y resonances y 2 m XVX+ 2 m yVy— N y d p p ear. the weak-strong and strong-strong simulations, respectively.



Performance of Crab crossing

« Better beam-beam performance, but

June 2009 (w crab)
LER HER

not Very dra StiC_ Circumference 3016
. . . Hor. emittance 18 24
« Chromatic coupling correction helps
. . . Beam current 1637 1188
to increase the luminosity. I -
* B,” could not squeezed due to the RF frequency 08,88
dynamic beta increase at crab cavity. RF Voltage 8.0 15.0
o L:2.108X1034 cm'25'1 v, -0.0246 -0.0226
Vy / Vy 45.506/43.561 44.512/41.621
* Lsp=1.718 x10%*! cm2s1/mA?
27 L B /B, 120/0.59 120/0.59
* tns = 2zl 01002, 0.0604
T4V fCOl o (mom. compact.) 3.31x10* 3.38x10*
e- tune shift is limited by e+ beam blow-up.
Ent = %—yfif: 0.1002 0.0604
Luminosity (1034 cm™s1) 2.108



Collision offset noise and luminosity
Specific Luminosity vs FB Gain

Specific Lum. vs FB Gain
120.0 e Simulation with collision offset noise in vertical

Lum

: Measurement : ' 2 : PAC2005
i i AY(D)AY(t)) = Ay o(t —t
wsob o e s _ (Ay(DAY(t)) = Ay*s(t-t)
E E & E 1.2
= 1100 o ] .
5t : o8 f
g 1050 < g .
= [ | e Blue Ratio [%] o .
100.0 | : o |
B N 0
: ® 0 0.02 0.04 0.06 0.08 0.1
95.0 Av/oy
~4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0 3.0 4.0
Feedback Gain (LER-V) [dB] Only 2% of noise degrades

_ T




Peak luminosity

Daily integrated
luminosity
(1/pb/day)

Daily efficiency peak beam currents

Luminosity of KEKB
Oct. 1999 - June 2010
S RN IR K R O S i s

Crab Crossin
T T T T g T Pedk LUminosity

] 21.1 /nb/s

111|1|"

TTTTTTTTITTTTITIT T

.................................

| ] DY 10 I

TTTRTTTT

J<€— 1479 /pb/day

3|8 B LI | (R it it 8.43 /tb/7 days
B ER , AR R TE  30.2 /fb/30 days

o

e

i e e T E

IIII|IIII TETTT

in a day (A)

o
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i

‘ 1000 _<€— 1039 /fb

s
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o
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800
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)
3
(a3/1) Auisounwni
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00“0"‘05 1/1/2002 1/1/2004 1/1/2006 1/1/2008 1/1/2010
1/1/2000 Continuous Injection Update: 7/18/2010 13:40:53
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SuperKEKB: Collision with a large crossing angle
- Small emittance, extremely small B, ", -“
» A large crossing (Piwinski) angle, 6,0, ,,/c,~20. LER HER

« SuperKEKB (collision) started at 2019. Cireumerence 3016

: : . emi 3.2 4.6
« Crab waist operation started at March 2020. ™™
* Beam current 3600 2600
* B,,” was squeezed to (60,0.8)mm at July 2020.
’ . . 34 D] # of bunches 2500
e Luminosity 2.4x10°* cm-“4s-! was recorded.
b =3 mm b2 = 2 mm B =1 mm 82 = 0.8 mom RF frequency 508.88
1000g §
g 800E- Crab Waist ———————» RF Voltage 9.4 15.0
E 600F-
= 400_ M v, -0.0246 -0.0280
R 200— m
1000k E E— e Mas S A~ e m— WA'S 44.525/44.585 45.525/43.585
= 800F- :
E 600F i
[+ 400 * *
g 400 /H [.ﬁfﬂ W B /B, (mm) 32/0.27 25/0.30
x10342.5 ..... | B, ik PR PRSI | | = I“;u; mmmmm
7 13 T i WN o (mom. compact.) 3.25 x 10 4.55 x 10
) | T T — |
E 0.5 MI’"\] srudo W g B S ﬁﬂ{ﬂr — Half crossing angle 41.5 mrad
T T R Lumi. (10% cms1) 20

Year 2019 Year 2020
91 days 57 days 127 days



Beam size blowup at very low bunch current collision

observed since the early stage of commissioning
* B,=3mm 2019 Spring

« Two stage blow-up of
LER beam

1. Very small bunch
current, I,1 =0.01mA=.

2. High bunch current
|,>0.5 mA

e Single stage in HER

e« HER beam | >0.2mA.

Specific L [em s 1/mA?)

oy" [um]




Possible source of the beam size blow up at low

current collision
« Chromatic, or nonlinear aberrations

 R1’=12rad
« R2'=3m
. C(pxzpy)=8<‘f

Lepec (10%° em?s™/mA?)

40
35
30
25
20
15
10

5

0

K. Ohmi, retire seminar at Apr. 2019

aberrations

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
1,1, (MA?)

Weak str simulation with nonlinear IP

Lepec (10%° cm®s/imA?)

0O 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
1,1 (mA?)

100 times larger for the early estimation by D. Zhou et al.

B,=3mm



TbT optics (coupling) measurement at IR

« Search for the optics aberrations which
degrades the luminosity performance.

« Excite x mode using injection kicker.

« Measure y oscillation with v..
« R1: y motion with in-phase of x motion.
« R2: y motion with /2 deviation of x motion.
 Strong vertical signal (30% of x) was seen in

some BPM'’s.

« |P coupling is interpolated from QC1L-R

monitors

FFT amp.

1000 ¢ ) ]
5 SLYLP1,x
R
100 F lyl=0.1Ix|
; 'I
10 gt AR
{ 5 :: 5
1 || i ! 1
052 054 056 058 0.6
1000 . — .
SLYLE1,x
| 1y1=0.3]x]
100 F §
iR | ¥
054 056 058 06




'R optics and BPM's

ER

H

LER

L AT ]

o o o o 9 © un (=] g}

w = ™m ~N

(wp) g Fga

= =

(w) *u

—
i

MOLASLE
MOLAALE
MOLAZLE
MOLKELE

100

MOLBALE
MOLBSLE

Ve

MOLYZLEZ
MOLYSLE

MOLYZLE 1

50

MOLCSLE
Lol B

S

(0]
=

-50

-100
l

MOLASRE

I MOLASLF
[ ]

T MOLAZLF

OCRTEP?

= MOLXILET

[ MOLBALP |

100

MOLB2LF

MOLBILF

MOLYZLFZ

MOLY LR
MOLY2LF 1

50

| MoLCoRP |

-50

-100

COD, TbT



x-y coupling Tb T measurement

« y motion in X mode. _(Bx O
5=(3 s,)

X = RBX n 0 1 -n
13 T
R = 0 ry 3 1 [By, 0
_rl _rz TO O BX -
—r3 -1, 0 7 —ax/\Bx 1/\/Bx

y = —1XxX—1p, =—-riacosdp(s) +r, [% sin¢(s) + %acos qb(s)]
Y| . .
= ccos(Znnv, + ¢,) $(s) = 2mnv, + ¢, 2 = % in the figure
‘ - i = sin(¢hy—hy) = — 2
acos(qby—gbx) - <—T1 + 7 E) a y x/) ﬁ
a a
Dy = —T3X — T3Py = —T3aC0S P(S) + 14 [— sin p(s) + =acos ¢(S)]
'B 'B B = Bx
= d cos(2mnvy, + ¢g4) a=a,

T3

d a a . N
Ecos(qbq—qu) = (—rg + 7y E) aSln(¢q—¢x) -3



R5 (/m)

_

R, Mar. 9, 2020

« Very large x-y coupling exists in IR.
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4.5 SLY (Local Chromy)
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Large y signal for x excitation



L Phase 3.1 Phase 3.2
E 300; ase ase 3.
£, 600F-
= 400F
= 200E
1000 |
= 800F-
£ 600~
e 400
= =
= 200
20k . . . |
3 = 34 -2g-1
xf 15 1.23 x 1034 cm-2s°1 Heatd:;fgaex 10%% cnrds
""m 10 E_ of e+ BT magnet
g 5 = Fire Summer Shutdown e;’;:?;’;
g E @ Nextef r(_“-—")_-‘—;] (ﬁ-‘l
— B 1 L L 1 . . | . o | " | .
= 4/1 6/1 &/1 10/1 12/1
Oct.15 - Dec.12, 2019
4008 T T T T T T T T R=
g . 300E- =
~ 2200 i N
= 100:— I Br = 80imm Br = 60 mm —f
1g3 I f I I I I I E
Eﬁ BE— —i
’;z g: g =12m By =1 :;
B | | T T T T T E
4083_ T 1 T T T T T 5
§ . 300 E
"x ?882__ 35 = 80 mm E
gi frf A B B B R HETE
£5 o .
& g=1 3
B | I I I E
1%/ 16 10/21 10/26 11/01 11/06 11/11 1116 11/21 11/286 12/01 12/06

SuperK

3/11-12/12, 2019 in Phase 3

-KB in 2019

B,

Lsp x10°1 [cm™2s™1/mA%]

Slide by Y. Ohnishi

Remark : B,* = 1.0 mm is under tuning

By =2 mm Phase 3.1

By =2 mn ' Phase 3.2
By =1.5 mm Phase 3.2
By =1.2 mm Phase 3.2

B, =1 mm Phase 3.2

l]ll]ll.lll.lll.lll.lll.lll.lll.lILIIlll[llll]

0.2
I, Ip. [mA?]

is squeezed to Imm in 2019.

03

04

Specific luminosity is lower than expected
value (~9x1031)at even low current.

The beam-beam parameter is limited at 0.02
(HER is lower, due to LER blowup).

©
n



Try Crab waist in SuperKeKB

« Specific luminosity and beam-beam parameters were limited at
lower values than expectation in 2019.

 Optics aberrations at IP (ex. Chromatic coupling) seems to
degrade the luminosity performance, but the correction was not
straightforward.

* Lg, =40 — 50 x 10°° cm2s"ImA-2, while the geometrical value
estimated by beam size measurement is L, = 90 x 10°°.

 Then we decide to try the crab waist.

« Crab waist can be realized in both of LER and HER by detuning
of SLY (non-interleaved local chromaticity Correction{ strength.

« We expect improvement of luminosity using the crab waist.

1
L. =
P 2nEEpe?fy £, =0.2pum, Ly, =89 x 103° cm=?sImA-2




Seam-beam potential

1 R
o© — &Xp _2ax+u - 2Jy+u d

u

Ug(x,y) =+
c(x,y) v Jo \/(203+u)(203+u)

« Crossing angle

Upb = /)\(Z’)UG(X +0c(z—2),y + pys; s)ds s=(z—-2)/2
@
Qiii:::ia:i\\\
Large contribution x ~ —20.s
Upp =~ / )\(Z,)UG(X +20cs,y — xpy /(20c); s)ds Many x-y resonances

appear.



Crab waist

e Hamiltonian
1

L X* *2

cw 19C py
T — Ha (X*):  —Upp(X*): Hew (X*): T —:U :”CW(X*):X*
reve ( )e bb( )e ( ) — reve bb(e )

e Crab waist transformation
y —y+xpy/(20c)

Upp ~ / MNZ)VUg(x + 20cs,y — xpy /(20.); s)ds

= f A(Z,)UG (X + 26.s,y; S)dS x-y resonances induced by

crossing angle disappeatr.
« X-y (chromatic) coupling Y=y — Ryx — Rypy

= JA(Z,)UG (x + ZHCS,y — R{x — Rsz; S)dS X-y resonances appear.



Crab waist implementation
* 8_: half crossing angle, 41.bmrad.

H*_ 1 x* *2_60 % %2
T4, Py TV Py
. Required crab waist term (80%)
H* = 5x*p;‘,2

« The component can be created by local chromaticity correction
sextupoles.

H. = %(x?’ ~ 3xy?) This transfer matrix for IP to i-th sextupole.

xi (x",p3) = Tix™ + Tipps yi(y",py) = Tisy" + Tiupy
Ni Betatron phase difference from IP is required nxn
H* x*p;2 Z (x; — 3x;v7) for x, (%2+n) « for y to produce xp,” term at IP.
i=1

*,_ %2 * *2
= Cyw1X py + szpxpy

See page 7-8



SLYL1
SLYL?
SLXL1
SLXL2

SLXR1
SLXR2
SLYR1
SLYRZ2
IP

AX
-0.57066
-0.75034
12.54136
-9.22825

8.47988
-9.32224
0.65861
0.66937
0

Betatron P

Com

B, =80mm, B,"=1mm

BX
5.66431
5.66431

94.01306
94.01306

65.82581
65.82581
5.516
5.516
0.08

Nariso

LER

NX AY
0.47974 32.53525
0.97974 -33.0733
1.1519 -1.90277
1.6519 0.71045
-1.77001 -3.644
-1.27001  3.75568
-0.97574 38.76399
-0.47574 -39.2803
4453 0

BY

524.96

524.96
11.46071
11.46071

19.2571
19.2571
521.2173
521.2173
0.001

NY
0.75059
1.25059
1.85521
2.35521

-2.35147
-1.85147
-1.24865

-0.74865]

46.5912

nase variation
N between LER and HER

B, =60mm, B,"=1mm

AX
-0.60132
-0.96485

7.86044
-7.86044

-5.29293
5.24070
-0.01475
0.67384
-0.00011

BX
6.50764
6.50764

51.47830
51.47830

135.30740
135.30740
3.79083
3.79083
0.06

HER

NX
0.46799
0.96799
1.2848
1.78483]

-1.74499
-1.24331
-0.98869
-0.48869
45.53302

AY
8.26539
-8.2618

-4.20090
6.30734

0.34348
0.40252
79.7672-
-19.767
-0.00209

BY
675.0993
675.0993
16.84147
16.84147

1.13724
1.13724
701.63
701.63
0.001

Crab waist (FCCee type, K. Oide et al., PRAB) can be tried using the local chromaticity correction

sextuples in both of LER and HER, though the phase variation is not perfect especially in x.

NY
0.74989
1.24989
1.88390
2.38390

-2.49426)
-1.9942¢)
-1.25022
-0.75022
43.57037




\Vagnet contiguration

SLYTRE1
SLYTL; SLYTLP1 SLYTRE2
I P _o Bx21
=0.75x2m
SLYTLE1 SLYTR£ I
SLYTLE? , \

B, =80mm, B,’=1mm SLYTRP1
 (Km?y)  f Km?2) M [Km?) | [Km?)
SLYTLE.1 95213 SLYTLP.1 1.4349  SLYTRE.1 -7.9251 SLYTRP.1 0.9978
SLYTLE.2 8.0697 SLYTLP.2 3.7171  SLYTRE.2 ~9.7211 SLYTRP.2 3.3356

K2(SLY*1)=K2(SLY*2) in the design. Crab waist is realized by detuning the SLY'’s.

S T T o S Temy | T
SLYTLE.1 9.1304 SLYTLP.1 1.341 SLYTRE.1 -8.1626 SLYTRP.1 1.1294

SLYTLE.2 7.6788 SLYTLP.2 36239 Design B SLYTRE.2 9.9586 SLYTRP.2 3.4679



3d order terms at IP in LER Crab waist
* Left

SLYTLP.1 1.4349 3.1435 -0.0321 43.8484 -0.4484  -23.4807 0.2401
SLYTLP.2 3.7/171 -8.1435 0.0833 -113.594 1.1616 60.8292 -0.622
SLXTLP.1 0.6621 -0.0469 -0.0053  -28368.2  -3199.25 72.9414 3.226
SLXTLP.2 0.6621 0.0469 0.0053 28368.17 3199.251 -72.9414 -8.226
Sum -5 0.05612  -69.7455 0.7132 37.3485 -0.3819
- Right
SLXTRP.1 0.297 -0.0066 -0.0042  -3644.36  -2306.72 -9.8402 -6.2284
SLXTRP.2 0.297 0.0066 0.0042 3644.363 2306.719 9.8402 6.2284
SLYTRP.1 0.9978 -2.134 -0.0262  -153.026 -1.8809 36.1417 0.4442
SLYTRP.2 3.3356 7.134 0.0877 511.5711 6.288  -120.823 -1.4851
Sum 5 0.0615  358.5452 44071  -84.6811 -1.0409

« Uninvited parasitic terms appears due to imperfection of betatron phase, but
their contributions are small (10% in normalized coordinates, P,P 2.



3rd order terms at IP in HER Crab waist  s—eonmm
e Left

SLYTLE.1 9.5213 32.7962 -0.4012 15.9549 -0.1952 45.7498 -0.5597
SLYTLE.2 38.0697  -27.7962 0.34  -13.5225 0.1654 -38.775 0.4744
SLXTLE.1 2.8507 0.0568 -0.0163  76893.09  -22145.7  -132.138 38.0567
SLXTLE.2 2.8507 -0.0568 0.0163  -76893.1 22145.72 132.1384  -38.0567
sum 5 -0.0612 2.4328 -0.0292 0.9748 -0.0853

« Right MR CECRENS

SLXTRE.1 -3.4726  -3.86E-6 (.33E-6  -2957.06 5610.141 -0.2138 0.4056
SLXTRE.2 -3.4726 3.86E-  -7.33E-6 2957.06  -5610.14 0.2138 -0.4056
SLYTRE.1 -7.9251 22.062 0.0942 10.74 0.0459  -30.7866 -0.1315
SLYTRE.2 -9.7211  -27.062 -0.1156 -13.174 -0.0563 37.7637 0.1613
Sum - -0.0214 -2.4341 -0.0104 6.9771 0.0298

 Uninvited parasitic terms appears, but their contributions are small
(10% in normalized coordinates, PP 2.



Measurement of Crabbing waist
+ Apply x orbit at SLYTLP1 and SLYTRP2.

e« Check IP waist shift.

5x5Ly = 1mm @,Bx,SLY = 5.66m 6x*

6x* = 0.12mm @f,; = 0.08m s 20, 1.4mm
c

N SL7i2 SLYTLP1 Measure B, using K modulation or orbit response

I QCI1LP
QC1RP
QLBILP

QLC3LP QLG3RP  SLYTRP1
QLB1RP

]

Y-waist

Ad,=0.5x27
A$,=0.75x2m  SLYTRP2




Closed bump to create crabbing

SLYTLP1

Walst |

SLYTLP?

H. Koiso

r T T T T T T T T T T T T T T T I T ]
ir 3
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\/-offset scan

27

2y measured by
V-offset scan.

B File Edit Window

2020-03-25 18:18:06 Help «

Scan (Main) rRF Phase Scan (detail) [VerticaIHHorizontal Scan (detail)

RF Phase Scan Control

Vertical Scan

~RF Phase Scan

Open RF Phase Scan Panel

yp2020_3_25 18 11 25.dat

rVerticalfHorizontal iBump Scan Control

-10.66 M ; veg Wertical Cffset at [P [um]: -5.200
¥ .10.68 . L ‘ertical Angle at IP [mrad]: 0.000
- . - e
; 10.7 t Horizontal Offset at 1P [um]: 0.000
g ' . Direct Set
i-10.72 .
$ 19.74L o E.EE $2 All Zero Set |
-10.76 . Vertical Offset Scan
' -10 -9 -8 -7 Bump Initial Size [um]: -104
iBump Heiaht [um] Bump Final Size [ur] -6]
Fit Result Fit Result Bump Step Size [um]: 2
fdatafyLumZ2020_3_25_18_11_25.dat Bump Step Period [sec]: 1
Egﬁgzgﬁe{f&({ﬁ%?ﬂ?ﬂ"?&é%&%mﬁ@ﬁ Reverse Scan Direction ‘
Scan | Gluick Scan | Abort |
S
> 3 s Pause | Release |
=55 £y :
g : J Yertical Angle Scan
o 2 ! i Bump Initial Size [mrad]: -5
1.5 ) ) —
e 1 / \. Bump Final Size [mrad)]
E 0.5 } ‘\ Bump Step Size [mrad]: B
= 9 ._.__._._..,-J i\‘-.,__._h Burnp Step Period [sec]: B
-10 -0 -8 -7 Reverse Scan Direction ‘
iBlIII'Ip V offset Scan | Quick Scan | Abort |
Luminosity Fit | Luminosity Fit | PRuSE | T — |
Lum offset NG00 | Lum ofiset IS0 | Horizontal Ofiset Scan
Luminsity G s e IBump Initial Size [um]: -40
a [um] 0,000 o, [1m] 0.236 ®Bump Final Size [um) 40
Room phase (D07) 0.000 ﬁrﬁlﬂsﬂum f———— -3, Bump Step Size [uml; 2
Set vertical offset above Bump Step Period [secl 3

Rewverse Scan Direction




Crab Waist measurement

Crab Waist measurement

0.8 (8 S oonn For different LER [P orbit offset
0.7 § © axsbo=-Lomm dx(SLY), HER waist position changed and
W = aem > y/sqrt(2) measured.
0.6 -
E 0211 5 LER crab waist
> 04l o N AN L | HER no crab waist
o ek N Vs
2 85 T | N A | Waist scan changing HER waist,
- i Y it then search LER waist
0 2
O  LER waist changes for LER IP
R L N S S orbit: crab waist

HER waist p05|t10n [mm]

Na'st
8S¢o=0x*/20=1.45mm
\Ohaf crossing angle

o, = 0.018mm



@fi Operation Summary

3/16 3/24 4/24
200 LER CW LER CW HER CW LER CW |
= 3 40%  60% 40% 80% v
§ OU0E- Al
= modifi
800p— ' e |
2 600F- g
E 4{)0: skew Q
= 200 inj. regimlx
2.5 _6/26 |
'_|m 22_
o LSE-
'y 1E-
< 0.5
1.5
FR
S 0SE-
60F
_ 50
EE 40 Beta squeezing
= %ﬁ 6/23
2E gL . . e H N H
3/1 4/1 31 T 6/1 711
Year 2020

Remarks : ECL online luminosity does not include triagaer veto dead time before May 7.

| ER started on Feb. 25
HER started on March. 2

Max. current
LER: 770 mA
HER : 660 mA

Peak luminosity : 2.4 x 1034 cm-2s-1

Int. luminosity/day : 1.346/1.498 fb-1

5/11-5/14 6/10-6/17

off-resonance off-resonance

LER :
B:/B, =80 mm/1 mm

— B3/B, = 60 mm /0.8 mm
HER :

B3/B, = 60 mm/1 mm
— B./B, = 60 mm /0.8 mm



Super
(A= =

Y. Ohnishi, KEKB Rev. 2020

Ring
Emittance
Beam Current
Number of bunches
Bunch current
Lifetime
Horizontal size o,*

Vertical cap sigma Z,*

Vertical size oy*

Betatron tunes v, / vy
Bx* / By*
Piwinski angle
Crab waist ratio
Beam-Beam parameter §

Specific luminosity

Luminosity

Machine Parameters (1)

SuperKEKB : June 21, 2020 SuperKEKB : Dec. 8, 2019 Unit
LER HER LER HER
4.0 4.6 2.0 4.6 nm
/12 607 467 388 mA
978 /83
0.728 0.621 0.597 0.496 mA
760 1270 522 1393 sec
17.9 16.6 12.6 16.6 Hm
0.403 0.445 pm*1
0.285 0.315 pHm*2
44,523/ 46.581 | 45.531/43.577 | 44,525/ 46.590 | 45.534 / 43.567
80/1.0 60/1.0 80/ 1.0 60/1.0 mm
10.7 12.7 15.1 12.7
80 40 0 0 %
0.0389 0.0261 0.0281 0.0193
5.43 x 1031 4.91 x 1031 cm-2s1/mA?
2.40 x 1034 1.14 x 1034 cm-2s-1

*1) estimated by luminosity with assuming design bunch length

*2) divide *1 by /2




Luminosity performance in the crab waist operation

e Specific luminosity is almost constant at higher current 0.03mA.
» Convoluted beam size in single beam is £,=0.2um (B,"=1mm), the

: 1
corresponding L. =8.9x103! cm=2st1mA-2 Ly = 7
« Specific luminosity degrade at very low current <0.03mA.
81— ‘ I .l O e e
[C " tuning after fixin 7 s;d";m;ms"y S 2020-06-30 17:34:26_Help
1? ) ;_ k ¢ By_o 8 mim HER inj.gkicker trou%le ] — buminesit
~ «| EF ;
o O ' T o ]
. = o SE ]
&b B,=1mm s 5
E | : a SF i
O 2019c No Crab Waist 3 2f . 31 o ]
— 4 e 2020a CW(LER/HER) 40/0 % % E Lgpy = 8.9 x 10° cm™2s7tmA2 3
— 2 e 2020a CW(LER/HER) 60/0 % = —'ml&‘f_ —_— |l —_— = ——t II — { — __
%, 3F |¢ 2020b CW(LER/HER) 60/0 % (V-angle) I 12E =
— [ |e 2020b CW(LER/HER) 60/40 % . = 1F =
X 2f |+ 2020b CW(LER/HER) 60/46 % (HER H-angle) — = 08p =
o [ |® 2020b CW(LER/HER) 80/40 % (High Eemittance) - E3 N
1" 1| |» 2020b CW(LER/HER) 80/40 % (LER chrom. XY) n o I - E
L 2020b By = 0.8 mm ] 0 R B S R B
N . L P . 2019 0 0.1 IOAZI A023 0.4 0.5
% 0.1 0.2 0.3 0.4 0.5 belp. [MA7]

I, I,. [mA?]



Weak-strong simulation for crab waist with
chromatic coupling

 Lsp worsens in the low bunch current (<0.3mA) and then changes
slowly for a large R1'=6, 12.

« Lsp somewhat increase/decrease for Crab waist ON/OFF for

I>Q5mA.1m .\\\ }\

(\IIA 80 =
<
=
‘0 60 F
o
=
o - [] |
o')o 40 — CW,R1,=80°/0,12 _{__B
F 80%,6 ---¥---
7 20 80%,0 ]
Vyy=(0.525,0.587), 0 0/3;12 ~~~~~~~ -
8 36pm NoLat %,
0 . 0%.,0
0 0.2 0.4 0.6 0.8 1

|. (mA) SKB20/skb801c*,wc*



Crab waist collision

« Crab waist gave good beam-beam performance, but not very
drastic.
* More gain of crab waist should be given by higher bunch current.

« High current, higher bunch current and further B* squeeze are
imited by detector background.

o | =2.40x10%% cm2st
* Ls,=9.43 x10°! cm2s1/mA?

_ 2refy+L
= N s 0.0389, 0.0261

e- tune shift is limited by e+ beam blow-up.

¢ gn,:l:



Thank you Tor your attention



K modulation
e QC1 s=L"=900mm, waist shift 8s=1mm.

e, S MK B
L(s)=p +E Av = .
_dﬁ(s) _4565
B(S+5S)—B(S—5s)—T25S_ T
,B(S+5S)—,3(S—5S)z46s

505) = — B(s + 6s) — B(s) N 20S

B(s) S
B, (s = 900mm) = 745m B(s + 6s) — B(s — &s) = 3.6m

AK, 80 e YAYY; B op AK,
Av = —— Av B 71:2“0_4
Av = 0.01 SAv = 0.5 X 10™% too small to be measured.

* [t seems to be difficult to measure crab waist using K modulation.
« Beam-beam scan is only possible way now.



Vertica

e \Vertica

H*

OI’

DIt error

oit In SLYTL

in SLY

P/E induces R1* at IP

X z L (xf - 3x,?)

Vi (y ;py) = T33y + T34py + Yio Yio = T3€4p;,0

NL
3 —_— —
Hp = —Z K>, yio0%iyi = —AK3 s1yYsiyv1,0XiYi
i=1

] /,3 SLY , . s R
= —AK, s1yYsiv1,0 )2;* ,By SLYﬁyX Py = —R1x"py,
X
Rl - AKZ SLY ’

SLY1 _ _mSLY2
T~ = —Ti

YsLy1,0 = — YsLy2,0

K;siv1 # Kasiyz crab waist

B, B,=(80,1)mm

Bx, y
= \/,By SLY:By Vsry1,0 = 10.4 ysry10 = 107 32l

Oy, SLY

Gy,SLY = 725Hm



\/ Orbit at SLY - Fluctuation of R1

HER

* Bx, *
ORy = AK;, 51y 8Ysiy1,0 %\/ ,By,SLY,By

5ySLYE = 0.08mm
CW40%

/,3 ,SLY / %
AKZ,SLYE —7}* .By,SLYﬁy =6
X

6Ri{g = 0.5mrad

LER

6ySLYP = 0.09mm
CW60%

//3 SLY X
AK; sLyp )'CB—* /,By,gLy[)’y =10.4
X

6R{p = 0.9mrad

Not large but visible
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Beam-beam potential with coupling and crab waist

« Crossing angle

Upp = / MNZYUg(x+0c(z—2'), y + pys; s)ds
1. Yw=Y +xpy/(20)  puw =i

s=(z-2)/2

e_:HCW:e_:R:Ubbe:R:e:HCW: =»| 2. y=r1oyw— Rix* —Ropyw Py =Dy — R3X™ — RyDyw

3. j/l(z’)UG(x* + 20,5,y + pys)ds

Rix™ — Ry | px + 1Py — R3x™ — Ry | px N

Y+ DyS =ro<y* + 20,

X _ 0 _ W _To Ri+R R, +R
T =5 =X —— ==—x;py — (R{+R35)x] — + R4S)Dx *
o], 9], ] 3. 26, 1Py — (R1+R38)x; — (R, 4S)Px,] x*zai
' 0

0x dy dy* x* dpy _ . Xt

—=90 a]y =Ty a]y + ZQC a]y = To(y] +py’]S) +2_8pr’]



U differentials

U, 0x dUg; 0y aUg 9Us _ dy dUg
oI, ). 9x ol 9y 0]y d], 0y
02U, 9%2xdU; 0%ydU; (dx\ 92U, _ ox dy d2U, [dy\° 92U,
)2 " 9jZ ox 92 9y +(a]x> ax2 ¥ 205] 3], axdy (a]x> 3y?
0%U; 9%y aU; N (ay>2 92U,
dJ; dJ; oy a],) 0y?

GZUG _ azy aUG n 0x ay OZUG + ay ay GZUG
a]xa]y d]x0], 0y 0]y a]y dxdy =~ 0]y a]y dy?




Tune spread in K

Avy

Avy
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Why beam-beam blowup in |

collision
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Resonance width for v, + 41, = 3 w/wo crab waist
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Figure: Resonance without crab waist. width in phase space.
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K. Ohmi, Joint Acc. School 2019, Dubna

Figure: Resonance with crab waist.

The resonance width with crab waist is one order lower than that without

crab waist.
Kazuhito Ohmi (KEK) Nonlinear Dynamics Oct. 28 - Nov. 7, 2019 45 / 51



SBeam-beam induced resonance in the
oresence of IP coupling

« X-y coupling resonances are induced.

—:R:e—:Ubb(X):e—:R: — —:Upp(e R X):

Trev e — ‘rev e

R(X) = —Ryxpy — Ropxpy + R3xy + Rypyy X =(xDpxY py206)atlP

e~ Ubp(eFX): — Jﬂ(z’)UG (x +20.5,y — Rix — Rypy + (py—R3x — Rypy)S; S)ds



Seam-beam simulations considering the IR
coupling at SLY

« Crab waist is realized by detuning of chromatic correction
sextupole.

« X-y coupling at SLY may affect the crab waist.

« Beam-beam simulation considering SLY coupling

« Chromatic coupling at IP induced in IR area is not considered.



Specific Luminosity and beam-beam parameter
Before summer 2008

25 y=-16.35x+26.54 Green Ratio=100%
I I | .E:I I ..l I 1 1 | I I Crab Clrolssiné I I 1 | |
L - ‘ *49-sp @x*=80, 84cm -
E I 2x=18,24 nm
= 20 *3.5-sp_®Gx*=80cm _
[,~0.093 (HER) (April 3 2 Nk 13007 T Sem ]
~ . G' e -1 : i
y (?‘__L_f pril 3 260 Tk, . +3.06-sp ®x*=90cm ]
= R i .
8= 150 -
c W | ]
"= 2 .
0.1 N
%D.DE - _—
gﬂ.ﬂﬁ // :
Eu.m // __
Eu.nz // }
0 0.2 .4 0.& n.g 1 1.2 :
B Durrent Pdeth [mﬁAE] 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
Greenffine 0 2 4 6 8 1 12

2
lbunch HER * lbunch LER [MAT]



Reference: Lum2000 S 9 8 21 34.dat
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Luminosity history of KEKB,
collision with crossing angle 11mrad

Luminosity of KEKB
June 1999 - Dec. 2005
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Peak Luminosity

e 16.27 /nb/s

fH Operation with crossing angle had been

|| {[l4 continued by 2006 June.
Lpeak=17.12/nb/s

< 1183 /pb/day

7.36 /tb/7 days

29.02 /fb/30 days
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Update: 12/76/,2005 6128124 Continuous Injection



