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Beam size blow-up in LER

Beam-size blowup observed in KEKB has been seen in
early stage of SuperKEKB commissioning
Threshold I~*300mA in Apr 19 (Y. Funakoshi)

Electron cloud has been monitored at AL chamber w and w/o TiN coating (Y.

Suetsugu).

Beast study threshold 1"600mA, N, .,=1576 in May 17 (Nakayama et al)
Systematic study in 1 June ( H. Fukuma et al.)

Permanent magnets are set at aluminum bellows.(Y. Suetsugu et al.)
Systematic studies in 8 July ( H. Fukuma et al.)
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Instability simulation at SuperKEKB design stage
e Using code PEHTS
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Design target for vacuum system: p_<10'! m=in average
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Simulation studies using beam study

condition

Threshold of the electron density

g.=2nm, 8y=15pm, c,=6mm, v.=0.019
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Simulated threshold electron density
(condition before solenoid installation)

* Np,=600, &,=2nm, € =15pm, 6, =6mm, v,=0.019

spacing Nowh | 9e/2T | ©,6,/C | Pty (Q=10) | Pey, (Q=6) | Py, (Simu)
1010) GHz) (1011m3) | (10m3) | (10m3)

2 (4ns) 160 2.45 3.4
3(6ns) 200 2.1 71 8.9 2.45 3.4
4(8ns) 260 2.7 80 10.1 2.45 3.8
6(12ns) 500 5.2 111  14.0 2.45 5.0
N,=1576,
3.06 600 2.4 41 6.0 2.65 44  £,~100pm
2VVswe 0. /C K =w.0./c
pe,th —

\/EKQTOBL Q ‘: min(w.o, /c, 6)



Electron c\ouc measurement
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density can be estimated considering volume with
energy gain 500eV from a bunch. 500eV may be critical
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e For V=0V, electron rate production including secondary
is detected.
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Measured electron current
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Electron density at the blow-up

threshold
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After installation of permanent
solenoid at Al bellows
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Threshold of electron cloud density
after solenoid attach

spacing Noth | 9/2T | ©,6,/C | Py (Q=10) | pey, (Q=6) | Py, (Simu)
1010) GHz) (10!m3) | (10m3) | (10m3)

2 (4ns) 200 2.45

3(6ns) 330 3.5 91 11.5 2.45 4.8
4 (8ns) >600 >6.3

6 (12ns)

3.06 600 2.4 41 6.0 2.65 4.4



Simulated electron cloud build up in Drift

Np=2.5x10%9, =240 mA for N,=150x4=600 Np=4x102°, =380 mA for N_=600
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electron density near beam(m->)
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Coupled bunch instability caused by electron

cloud
* Electron cloud motion reflects coupled bunch instability mode.

* Electrons in drift, short range wake ~10ns

e Electrons in solenoid, slow rotation around chamber surface.
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Unstable mode (before solenoid
installation) M. Tobiyama

* Typical signal of coupled bunch instability caused
by drift electrons
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Mode spectrum
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Unstable mode (after solenoid
installation)

e Typical mode caused by electrons in solenoid is seen.

* Mode seems to change to those of drift origin at high
current.
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Coupled bunch instability in electron ring (HER)

M. Tobiyama
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Impedance estimation- transverse

 Tune shift as function of bunch current
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o, (mm)

Longitudina

impedance issue-

Bunch length measurement

f1(lp)=4.0+2.51, _

fz(lb)=4 4+2.0l, Collimator half-gap: 22mm

Collimator half-gap: 12mm
Collimator half-gap: 6mm

_f3(|b)=3.5+3.2|b
10

Simulation Collimator half-gap: 6mm
Experiment (Fukuma,2008.11)
&
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L 4 ol fl(lb)=5-2+2-0|b Simulation
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Measured by a Streak camera

The behaviors are similar as KEKB for both of LER and HER.
Bunch lengthening is stronger than that of simulation.



summary

* Beam size blow-up has been observed since early stage of
SuperKEKB commissioning.

* Electron density at Al bellows part (5% of circumf.) is high
#pe>1012m‘3). Simulations show the electrons can cause
ast head-tail instability.

* Coupled bunch instability caused by electron cloud has
also been observed as is predicted.

* Installation of Permanent solenoid reduced the blow up. It
IS p?jssmle to operate with 1A, 4 bucket spacing at present
condition.

 Tune shift as function of bunch current was measured to
estimate transverse impedance. It was 30-50kQ2/m, similar
as KEKB.

* Bunch length was measured by a streak camera. Bunch
lengthening, which was similar as KEKB, was observed, 7-8
mm at the design current, while no bunch lengthening in
prediction.



Thank you for your attention



Rough estimation of Electron density

* Electron current, | _=1pA.

* Acceptance of the electron detector, S_...=1 cm?.

mon

 Number of electron absorbed (=produced) at chamber
wall, d=10cm.

107 x 0.1m

— — 16 -1.—-1
" 16x 10 x 104 2 *107ms

Ne

* Electron stay time in the chamber, 1,=100ns. Electron
density

2 %x 10 x 1077

= =2.5x 1011 ;3
Pe 0.0527 m




Emittance dependence

e Vertical emittance knob
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Design current & spacing

Np=9.4x101°, I=3600 mA
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Simulated electron cloud build up in Bend

Np=2.5x101°, 1=240 mA for N,=600 Np=4x101°, =380 mA
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Multipactoring arises Y, ,,>=1.5 at the threshold beam currents.
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