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APiwinski angls /s,g.=20 =
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Electron-Positron
linear accelerator

Machine Parameters

2011/July/20 LER HER unit
E 4.000 7.007 GeV
| 3.6 2.6 A
Number of bunches 2,500
Bunch Current 1.44 1.04 mA
Circumference 3,016.315 m
Ex/ &y 3.2(1.9)/8.64(2.8) 4.6(4.4)/11.5(1.5) nm/pm 0:zero current
CouPING 0.27 0.28 includes beam-beam
B/ By 32/0.27 25/0.30 mm ] .
RO . — g.. half crossing angle
Clp 3.25x104 4,55x10*
(0} 8.08(7.73)x10+# 6.37(6.31)x10+4 ():zero current
9.4 15.0 MV
6.0(5.0) 5(4.9) mm 0):zero current
-0.0247 -0.0280
Vx /[ Vy 44.53/44.57 45.53/43.57
Uo 1.87 2.43 MeV
Txy/Ts 43.1/21.6 58.0/29.0 msec
Ex/Ey 0.0028/0.0881 0.0012/0.0807
Luminosity 8x103° cm—2s1

http://www - superkekb.kek.jp/



Commissioning of SuperKEKB

APhase2 (2018) Start collision installation of Belle
2 detector. Squeezk,=200-100, 200mm, b, =8>6-
>4->3->2mm.

APhase3 (Mar. 2019) Belle 2 data taking &t=100,
200mm, b,=3mm.
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Luminosity/bunch hlstory In Phase-2,3

Nbunch 788
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Luminosity hlstory In Phase-3
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R2 correction

Observations Before June 15, 2018

Lsn(10%° cnmizst/mA?)

A 20080mA $(,=0.5mm, 0.6nm, L,=23 p

A 285840mA s =1.5m, 0.6mm, L =11 ¢, . Q0
Lspagrees with geo value at high current \/7




IP coupling and beam distribution at IP
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Relation of R and skew strength of
QC1 in a simple model

A Transformation of R2,
y%o % S’/%O %
] * ]
0 YA 0 YA
O YNnn W W YN
A Assumep/2 for phase difference between IP to both QC1.

W Yoow

Y
) \/TZTVFM/TZT . o
A{1S¢ | dzZr R Ir&R,wliichis ihdependerf df.  © ©0
A Deviation fromp/2 induces R3.

A Control of inside op section is hard from outside. It should be
corrected by both side of skew. (like waist correction)



June 30, 2018

Observations

1
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QCS corrector



Vertical angle at IP, june 20, 2019

AVertical angle can not be scanned by heating in HER '
angle change (done in KEK).

AChange of LERangle vertical has induced vertical
dispersion at IP.

AV angle scan with dispersion correction was done in 2
Jun 20109.
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Other tuning done day-by-day

~

AIP offsetx,y Q> |

AIP linear aberrations, b waist, dispersiory x
coupling, xz tilt.

ABeambeam tune shift is limited.02 for electron
beammainlydue tos, blow-up of positron beam.

c'DTZO
1O




Example of IP knob scan
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@fﬁ Specific Luminosity and BearaBeam (Phase 31)
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Correction of Vertical collision angle made 20% increase of
luminosity recently (June 20, 2019)



Super
KEKB

Specific Luminosity and BearaBeam (Phase 2)
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b,"=2mm
ALspedncreased twice albew current.

Beam Current [A]
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What determines the low beam-
beam limit?

AKey parameters
AY ?, chromatic effects

A Piwinski angle 2 bunch length/overlap area

z
1

AHour glass effect - ratio of overlap areh ‘and

— half crossing angle




Choice ob,, Hour glass effect

_ .. Halfcrossingangle
AKey parametes /(q,b,), characterize hour glass effect.

AVertical tune shift increase as function of horizontal
amplitude. (Crab waist effect).

ASynchrebeta resonance in headn collision =>-¥
resonance in large crossing collision

Asxl(qcby):o.16 (2018019,by=3mm,bx=100/200mm)
As /(qb,)=0.9 (desigriby=0.27/0.3mmbx=32/25mm)

AEnough margin for the hour glass effect at present.

Alf we see such Hour glass effect, crab waisst be
necessary in SuperKEKB.



2018/7/6 Swing HBC tune scan

AOne of the Cralwaist
effect
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LER tune scan 2019/3/31
Anx+4nyint is seen bx=200/200mm

B File Edit Window

B File Edit Window
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LER tune scan 2019/5/13

ANoresonance is seen ai+4n,=Iint at bx=100(H),200(L)mm.

AThe resonanceappearedfor b,=200,200mm (2019/3/31)
but does not forlO0(H) 200(L)mm

AThis crab waist effect, (1,4) resonance, is weak.
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T * chromatic, nonlinear aberrations

AMeasurement of IP chromataberrations
AScan with nonlinear corrector of QCS

AChromatic coupling correction
A HER insufficient skew sextupole now. More Skew SX.

A LER sextupole hardware rotation system is prepared, but not
tried yet.



Lepec (10%° em?s™/mA?)

Chromatic, nonlinear aberrations

APossible errors to explain measured luminosity
ARIQT MmH NJ R
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Measurement of IP chromatic aberrations

AEffect on vertical beam size of théerrations

A d=Dp/p=0.17%. - =3nm,- mdi . @A
ARl(d):20.4mrad oy Y], T T ! T
ARz(d):5-1mm Y6y l e ¢ WMQTI MH N
T WHQT oY
A0 ynn Vo wn) ¥ mea  m, R

I

AAberrations with clear vertical beam size increase as
synchrotoribetatron amplitude affect luminosity
performance.

AErrors, which affect luminosity performance, are visible
ones.

ALinearcoupling, which gives 0Q.2Zs,, affect luminosity
performance.



If a chromatic beam size variation are seen, It
can be source of luminosity degradation

Df=400HZHd=0.17%

m wmMQ

-400Hz Df=0  400Hz -400Hz Df=0 400Hz -400Hz Df=0 400Hz

Measure the beam size using bedr@am scan
(Luminosity.)



Beam-beam scan with Df

AIP knob off
ADf=-400Hz

OHz

400Hz

Vertical Scan
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Aset IP knob
ADf=400Hz

Vertical Scan

Vertical Scan

OHz

+400Hz

Vertical Scan
yp2019_5_20_20_40_27.dat yp2019_5_20_20_16_21.dat yp2019_5 20 21 19 31.dat
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Lum offset I0EE " offset OB (.1, otset o oom
Luminosity I, - inosity [ | inosiy [ oo
o, [um] 0.568 9y [Hm] 0.577 | o, [um) 0619
Vertical Offset [urm] 8.804 Vertical Offset [Lim] : 8.583 | Vertical Offset [um] 8749
iBump V-offset target: 0.000 Bump V-offset target: [ 0.000 | igimp v-offset target: 0.000




Dispersion at IP

ADf=400Hz, IP Knob ON
hy:+1mm hy:-lmm

Luminosity (green:ZD LM, red:Belle Lumi) Vertical Scan
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Vertical beam size and offset

obtained by beam-beam scan
 JaooHz  JoHz  [400Hz

IP knob sets, (mm)  0.619 0.577 0.568
h,=0.1mm Y4 8.804 8.583 8.749
IP knob Os,, (mm) 0.661 0.692 0.676
Yoftset 8.42 8.690 8.561

A No clear change for energy chan@#romatic coupling at Was not large
A Chromatic coupling at XSRM was remarkable.

Df=400Hz d=0.17% h,d=1.4Am D §=h,;s,~0./m

b Twom Jomm lamm

s, (Mm) 0.917 0.577 0.913

Yoffset(m)  5.560 8.583 11.535

A Offset change was 1.7 times larger thayal
A Beam size change is consistent wirlg=h s ~=0.4Am.
A Which is reliableiBumpor dispersion knob?



Latest data June 25,2019

Beam size variation for energy change was
observed.Chromatic coupling exists at IP
Nonlinear dispersion also exstIP.
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Coherent Beam-Beam-Head-Tall
Instability study in Phase |l

ATypical condition

Ab,=0.2m, 0.1m, b,=3mm

Al ,=270mA (e+}§225mA (e), Nb=395,

Al =0.68mA0.57mA (designl.44mA1.04mA
ANp=4.3x10°, 3.6x10°. (desigrD.04x10% 6.53x1a°)
An, (e+)=0.022n, (e-)=0.026



Horizontal beam size measurement

A16:50 (instability startk 16:57(peak), data taking
usingstreak camerax-z and BOR.

ATunescn n, (e+)9.022 n. (e-)=0.026
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Beam oscillation at the horizontal
Size blowup

200000

"BORI_MLHI3_IJUL_2()1i;_l()jx_ét‘Z,ADC‘du{“ U (S1405)3 —
"BOR_MLH13_JUL_2018_16_50_24.ADC dat" u ($140.5):3 ——
"BOR_MLH13_JUL_2018_16_52_16.ADC. dat" u ($1+0.5):3

180000 - "BOR_MLHI13_JUL_2018_16_52_54.ADC dat" u ($1+0.5):3 &
"BOR_MLH13_JUL_2018_16_55_10.ADC dat" u ($1+0.5):3
"BOR_MLHI3_JUL_2018_16_55_44.ADC.dat" u ($1+0.5):3
160000 L "BOR_MLHI3_JUL_2018_16_56_15.ADC dat" u ($1+0.5):3 |
"BOR_MLH13_JUL_2018_16_59_29.ADC dat" u ($1+0.5):3 ——
"BOR_MLHI3_JUL_2018_17_07_01.ADC dat" u ($140.5):3 ———

140000

120000

100000

80000

05 0.52 0.54 0.56 0.58 0.6 0.62 0.64 0.66 0.68 07 0.72 0.74



summary

ASuperKEKB collision has been done in 201:2)Rnhd
2019 (PEB).

" is squeezed &6->4->3->2mm with keeping high
P¥WII’]SkI angle —7, “~10.

AAchieved beantbeam parameter i$ duetos,
blow-up ofe+ beam.

AWe have focused key parameters, which limit the beam
oeam parameterp,’, ,, —T, " ors/(gb y)-

ALimited beambeam parameters for several set of
0,) inform whatis difficulty.

ACompensatlon of all linear and nonlinear aberrations at IF
should be done.

ABeambeam headtail instability has been observed at
high bunch current depending on tune, but is not serious
at present current.
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