Measurements of incoherent
emittance growth at CesrTA and KEKB



Incoherent emittance growth

Studied and observed in beam-beam and space charge
effects.

Related to resonance and chaotic behaviors of beam
particle motion.

Beam-beam is localized interaction. All resonance
harmonics exist.

Electron cloud and space charge is not localized. Lattice
structure, super period, cloud density distribution
along s determines resonance harmonics. For the same
tune shift as beam-beam, the incoherent effect due to
electron cloud may be weaker than that due to beam-
beam.



Measurement at KEKB

Tune scan at 98 ns spacing; no electron cloud
IS supposed.

100 bunches, 80 mA

Coupling resonance and its sidebands, v,-v,
+kv.=n (k=+-2) were seen.

Coupling chromaticity induces the sidebands.
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Beam size measurement with tune in
multi-bunch operation

Beam size was measured for changing fill pattern,
which means changing electron density.

— 100 bunches, 50 mA, single beam.
— H. tune =0.52
— V. tune = 0.55, 0.56

Sychro-beta sideband caused by electron cloud fast
head-tail was seen at filling by 3 and 4.

Synchro-beta sideband caused by electron cloud fast
head-tail was not seen at filling by 6(12ns), 8(16ns),
and 12(24ns), but emittance growth caused by
coupling chromaticity resonance v,-v, +2v.=n disappear
and weakened.

Emittance growth far from the coupling the resonances
was not seen.



Tune shift along the train

* Tune shift along the bunch train was
measured (by T. leiri). 0.006, 0.004, 0.003 for 6
(12ns), 8(16ns) and 12(24ns) spacings,
respectively.

 Beam size measurement was performed 0.002
step. A leak due to the tune shift (spread) is
negligible.

* The tune spread of the resonance is wider
~0.01.



Beam Size vs. Fill Pattern

Bunches mA |mA Sucket  |mA Head-Tail oy (uUm) @ |oy (um) @

H Total |/Bunch |Bpacing |/Bucket |Sideband vy=055 |vy=0.56
100 b0} 0.5 3 0.167|O#E1T /7 FIRES 3.3 3.5
100 50 0.5 4 0.1250 2.3 2.5
100 50 0.5 5 0.100 A&7 77 R #RED 1.7
100 50; 0.5 6| 0.083|x 1.2 1.2
100 50| 0.5 8 0.063|x 1.3 1.2
100 50 0.5 12| 0.042|x 1.4 1.2
100 50 0.5 48] 0.010|x 1.2 1.6

® Emittance growth seen at v,-v,+2v=n (v, =0.5p) disappear
narrower spacing than 24 ns.

® Emittance growth far from the coupling (v,=0.55) the
resonances was not seen.




H. Tune Scan (atv,=0.6)
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Summary for KEKB measurement

* The coherent electron cloud fast head-tail
instability was dominant in KEKB: that was,
emittance growth was not seen at operating
point far from chromatic synchro-beta
resonance below the threshold of the
coherent instability.

 The chromatic synchro-beta was weakened by
electron cloud rather than emittance growth.



CesrTA

 Emittance growth due to beam-beam
interaction has been measured by A. Temnykh

et al.

 The same measurement was performed under
the presence of electron cloud; multi-bunch
with 14 ns spacing, on June 27-29, 2008.

| stayed Cornell on the days. | apologize not to
attend this workshop.



Masurement for CESR-c beam-beam (aTemnykh)

Cornell University Tune plane exploration:
High tune region

Laboratory for Elementary-Particle Physics

Experimental conditions:
*1 x 1 head-on collision, weak-strong beam-beam
interaction.

*Tune scan with vertical beam size measurement of the
weak (positron) beam.

Less number of machine resonances, but more beam-beam

x4k 0.5MA->AvAIOFREDkHz  *kk
Comparable with ecloud tune shift

220 230 220 230
thikHz) hikHz] T R
Seen machine resonance Seen strong beam-beam dniving resonances, no good

place for working point
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Tune scan area

Resonance Lines

~!{esaaance line restrictions:
(x+qQy+Qs=n
Ip| + laf + |zf <= 4

|z] <= 3
|p| ¢= )
lgf «= 3
Qs-= 17.7
™~
~ Beam loss
| — Scan area
|
=
sl
/
|
|
220 I
210 218 227 235 243 252 260



Single bunch 3 mA (as a reference)

 Region| x=205-225 kHz, y=245-265 kHz, 0.5kHz step
v,=0.525-0.577, v,=0.628-0.679, Av=0.00128

 Region Il x=230-250 kHz, y=236-256 kHz, 0.5kHz step
v,=0.590-0.641, v,=0.605-0.656, Av=0.00128

Beam loss near cross points of several resonances. The scan
area is decided to avoid the loss area.

A




Multi-bunch operation

e 2.7mA x 10 bunches, 14ns
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Higher current

e 47/mA 70mA

407

301

207

107




Results of the experiment

* No clear emittance growth relate to
resonances were not seen, even very high
current 7mA/bunchx10bunch, 14ns. While
beam-beam interaction induced many

resonances.

* The resonance line v,-v -2v=n is weakened as
similar as KEKB.



Tune shift in several operating points

* Tune shift does not depend on the operating
point. Maybe obvious.

e 0.75mAx20bunches, 14ns

* Av,=0.0002/bunch(=0.07-0.08kHz/bunch),
saturate 10-20 bunches, Av =0.002=0.7kHz.
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Dipole oscillation

* Coherent motion due to coupled bunch instability is sometimes
observed during the measurements.

* Coherent vertical dipole motion and beam loss at the tail part.

*Tunes can be measured without excitation. This means that self
coherent motion exists.

*Control of coherent motion should be done. M. Tobiyama told
me he could stop the motion by an investment of $50,000.



Further experiments

* Tune shift along the train is larger than the
scan step. For 7mA/bunch, Av~7kHz

* Bunch by bunch beam size measurement is
necessary.

* Longer bunch train, saturation of tune shift,

may be possible, but coupled bunch instability
IS more serious.



Summary

* No sign for incoherent emittance growth for the
present.

* Control of coherent dipole oscillation is urgent
business. It prevents detailed measurement for

the beam size, because a smeared dipole motion
gives emittance growth.

* We tried very high current, 70mA 10 bunches.
Coherent fast head-tail instability may be
observed in this condition as discussed another
talk.



