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KEKB Review Dec. 4, 2007 1



: Measurement of Beam-Beam Kick

What to be done:

* The effective horizontal beam size at IP was measured
using a linear part of a beam-beam kick under various conditions.

Outline:

* Beam-beam kick detection

* Measurements with calculation
- Crab ON/OFF
- Emittance change
- Intensity change

* Summary
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Beam-Beam Kick Detection 1
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Beam-Beam Kick Detection 2

<How to detect beam-beam kick>

<Gated Beam-Position Monitor at FB4>

........ —— |@StartPulse
... A= : : : -
e Gated BPM can detect the beam position @ =y, -1 of#Channels: T
. * C—14 I . .
of a specific bunch. - Lo Ul [re :
e Compare the position of between =1 ot RFFTeos
. . 1 _ {19 : N ADC
a colliding and non-colliding bunches —== [ ~ Cicck
during the orbit scanning at IP. QREBIMEZ 7 o liodute| BT o
oRev/100kHz - i il [T
: : : ATT: Amermm‘o:r
BFF: Band- Pass Filter
<Performance of G-BPM> <Optics Parameter at Pickup>
Pick-up Button LER HER
Detector 508 +/- 30 MHz QViP.2 | QX6E.2
Bandwidth B_x (m) 22.38 43.05
Resolution 20 um @turn-by-turn B_y (m) 22 50 4.34
of Position 3 ~ 5 um @average @_x from IP 22 68 23.33
and FThase 0.3 deg. @turn-by-turn . o_y from IP 21 67 21 51
Isolation of Gate | 40 dB @ 3-bucket spacing n_x (m) <0.001 <0.001
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Measurement with Crab Cavity ON/OFF
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Bunch Current: 0.73/0.42 mA

2

X _x'=11

* Horizontal effective size at IP reduces to 72% by the crab.

* HER current was lost from 15 to 13.5 mA during scan.
* Horizontal offset agrees with the orbit displacement at IP

within 10%. (by Masuzawa)

e, L/H=18/24 nm

ON( 1.31/0.92 MV)
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Bunch Current: 0.64/0.47 mA
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Calculation of Beam-Beam Kick
with and without Crossing Angle

Use code “BBWS” by Ohmi

e SUM(BBK)_X'=11

e SUM(BBK)_X'=0

. BK_e=24_X'=11
How to calculate the kick 0001 [ g T ]
with an angle of 22 mrad 8X=24 nm 500005 é-'3:--.... . ]
g o, ,
% % ::...
A “20.0005 - . %

}/ 0001 Lot e
400 -200 0 200 400
P X_Pos (um)
. : . —@&— Dk/Dx_X'=0
/‘/T/‘/ <SlOp€ in Linear Reg10n> —e— Di/Dx X1 Dk/Dx_size
>

* A particle is horizontally moved and the kick data
are summed up, including the longitudinal profile.

nd-on

o

Result:
* The horizontal size reduces due to the crabbing.
* Smaller the size, more effective the crabbing.

e The measurement is consistent with the calculation. 0
100 120 140 160 180 200

Horizontal Size at IP (um)

Crossing Ny
.\'\.\*\

(951

Slope, Abs (Ak/Ax) x10°
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Emittance Change under Crab ON

e, L/H=18/24 nm e, L/IH=24/24 nm
Voo 14811.00 MV (== V1 1.28/1.00 MV
p—— BBK2_L18 P BBK2_L24
_C . _ .

e DX2_c 0 ';%R/(; i gm A ° DX2_c 0.L7E8I/§)'.2443IE1HA
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I | LI 10— —go b}

E 100 °° g i s

=3 - '8 3 100 ® q

~ 50 F

% : 3. % 50 (]

v .i Q : .

% 50 - E % g .i 1
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-300 -200 -100 0 100 200 -300 -200 -100 0 100 20C
H_OFFSET (um) HOFFSET (um)
Result:

» Effective horizontal size at IP reduced to 77%.
* An expected reduction value is 93%. (No beam-beam effect)
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Intensity Change under Crab ON

e, LIH=24/24 nm V

le+ / le-
0.90/0.40 mA

2-9040=171 +/-77 um

le+ / le-
0.80/0.50 mA

2yg0/50=162 +/- 6 um

BB Kick (um)

BB Kick (um)

: 1.45/0.85 MV

crab* i .
<Calculated Effective Size>
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s I : | |
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S
® DX1_c :
® DX2_c
- BBK2_#3
200 pr—r Result:
ST M i e The measured size agrees
100 g 8¢ . - g
50 . . with the calculation.
0~ [ =
ok . E * However, the local peaks of the
100 - o ‘o : beam-beam kick curve indicate
-150 - 0, ,0808 ;
bos NN A , a very small size of 2 =95 um. ?
-300 -200 -100 0 100 200 300 Note a local peak takes place at a size of 1.32% .

H_OFFSET (um)
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Beam Size during Scanning By Funakoshi
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Result:
* In the large offset region, the kick data deviates from a Gaussian.
* Does a beam profile change?
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Summary |1

e The horizontal effective beam size at IP was estimated from a linear part of beam-
beam kick around the center.
Results are:

- Effect of Crab Cavity: 2x=230 mm(OFF), 2x=167 mm(ON)
- Effect of Emittance: 2x=188 mm (24 nm) -> 144 mm(18 nm)

* These estimated sizes are consistent with the expectation.

 However, the estimated size from the local peaks indicates a very small size.
The beam-beam kick curve deviates from a Gaussian in a large offset region.
- One speculation is a change of a beam shape or the size during the scanning.

- The reason is unclear.

e The calculation shows that the crab cavity switching from crossing collision to head-
on collision reduces the effective horizontal size to 56 to 77 %.

e The crabbing effect depends on an original beam size.
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: Study on Beam-Beam Tune Shift

Motivation:

* Coherent Tune Shift in a Two-Ring Collider
- Energy asymmetry and Different tune
* Dynamic Effects

- Decreasing the specific luminosity, Beam-beam limit?
- Short lifetime at high current, What happens in collision?

Outline:

®* Beam-beam parameters

* Nonlinear resonance in the tune spectrum

* Measurement of coherent beam-beam tune shift
* More observation of the spectrum

* Summary
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Luminosity and Vertical Beam-Beam Parameter

I NtN- fO ® R: Reduction factor Coherent Beam-Beam Pflrameter:
ZJTZXZy =% _ px r, /36; .
+ AT, —_t = gt T 4 1 Y. 27T (Zx +2.)
=f0( ]Y):N’)_/_)(Hf_l_‘—‘ic_l_ -y|-+ i;)R q y
re. N'y"+N7y" By By By b,

Beam-Beam Tune Shift:
N*v* Ny~ Ef+EC
Lo (NTNY (& Z0p g, >>p,
r. N'Y"+N7y By

+ -_—
AVyy =V +V, —Vy =V,

Intensity Parameter, Ny:

N+ +N— - g +o AT N,
Jog T R F(Nyy= YV Ny
. N'y"+Ny b, N*y" + N7y~
Beam-Beam Parameter and Tune Shift:
Luminosity => &y E oozt ame < K00y,
\ q q q % bb
1% =t L=
bb=—=> B, tE Y: Yokoya Factor
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Horizontal Beam-Beam Parameter and Emittance

re ﬁx N_ +R; re /3)6 N+
Yo 272, (2, +2)

£ ~R* ”ﬁx N_ +N +) 2§=(0;)2+(o;)2

2Jt22 Y&y %0
~2(0,)
* N_ N *
=Rx ¢ ( ++ _+) =28x[)’x

dme, y %
Intensity Parameter, N/y: G(N / 14 ) = N—: + N—_+
Y Y

Avbb_x —> Ef+E. /> ¢

KEKB Review Dec. 4, 2007 13



Coherent Tune Shift and Beam-Beam Parameter
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Nonlinear Effect in Vertical Spectrum

* Changing excitation amplitude:
0-mode like st-mode like

LER v leeé5944 / EE 41.6198
T

-3[]
T =
£t M‘“ 5ol
- 2t §
& E%ﬁn
BD <L
28/24dB " _
Tu"e ‘55 5 ‘51 ‘52 F3 64
LER V Tune 43.5933 TR
F T T T T ] HER V Tune 41 6091
20f -20F
=-30f 25F M‘%\Q
g ¢ E-30f Aﬂ»k
T:'__qD: %-35 :
<E1:—SD; g-qu W
25/21dB =l W
c -5[]_—
T T - B R

Tune

Increasing N _HER V Tune_41.6066
Amplitude g,w: -
%’407 E:T:Z
19/15dB =} "
Result:

BR~74%
1.5/0.3mA

Tune H/ V
LER: .5055/.5919
HER: .5111/.5930

<Vertical Beam-Beam Kick>

Beam-Beam Kick (urad)

300

200

100

-100

-200

-300

BBK_Y_cal

| 1 1 | 1 | | 1 !

8 -4 0 4 8

Y_offset/c
y

* The 0-mode appears clearly in the positron bunch and the t-mode is clear in the electron bunch.
* The peak of the m-mode spectrum shifts to a lower tune due to the nonlinear beam-beam force.
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Nonlinear Effect in Horizontal Spectrum

0-mode m-mode

I%une 47.5088
I I

LER
36/31dB T I P ] o HERH Tune 436018
il 30} E 30f :
= & = f —-dof
. 5-40_ g-cm_ EL
S | 2 P 250
—= ook — -90F :’
o N o [ ol n
g 5[.50: <EI-BD:
-60F . "
70F -70F
70k : :
33/28dB 20 39/34dB
-30 L
\/ 30f
E-a0 €
[24] m [
s T-a0 . :
=50 ey <Horizontal Beam-Beam Kick>
E ¢t E sof
. <o} < r e BBK_70
Increasing g i —e—BBK_100
] 7af 60F —a—BBK_120 BBK_cal
Amplitude - : 200 ¢ e
150 et .
5 100 _
20 LER H Tune 47.5090 = o
- = T T T T T I T - [ 9 E
30/25dB % - oof i
a0f : :
E f 'E"SU: Eﬁa’ -50 |
@ -40f 2 £ 100 -
: [ :"4 S o. .0
250} = /@ 150 - eo® .
<L F <[ _g - 200 * I I I I
-60F 3 -300 -200 -100 O 100 200 300
7 BOf H_Offset (um)

* Coherent beam-beam tune shift should be determined by an edge, not a peak in the spectrum.
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Beam Conditions for Coherent Tune-Shift Measurement

Ring LER HER LER HER
Crab 0.94MV | 1.43MV OFF
Emittance: €, 24 24 18 24 nm
Beta®: Bx/fy | 80/0.59 | 80/0.59 | 59/0.65 | 56/0.59 | cm
Tune: vx 45.507 44510 | 45.527 | 44.512
Tune: vy 43.595 41.595 43.567 | 41.584
VS -0.0249 |-0.0216 |-0.0249 |-0.0216
Bunch spacing 192 320 ns

e Crab ON: Collision with zero-offset and almost the same tune, 20070401
e Crab OFF: 20061212
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Vertical tune Shift and Beam-Beam Parameter

Luminosity

I

Incoherent
Beam-beam parameter

Tune Shift

I

Coherent
Beam-beam parameter

Result:

[ o Lumixioe3s) |
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— i .' J
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g 0.2 | .Tg
— 0'....?. ....... R FEETE P
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: ° ]
30'045 ..o o o g | oo
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o o o | | 3
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0: IIIIIIIIIIII T T
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0.04f L LA
[ eg 30k |*
0.03F ®
> ST
0.02F
0.o1f
By Uehara ;
0'. T A IS AN A
0 5 10 15 20 25 30
F(NY)x10E(13)
Y=1.23
Y j—
0] BR_4774
0.05 rrr e
- |
0.04 [ 2 N
— : e® © o oo
un”0.03 F - ]
§ ; . ]
0.02 F ® = .
< g ° Beam-bgam Limit
001 ¢ itz—”.‘|4;mA2
IS SR P PO TN U PR
0 5 10 15 20 25 30

F(Ny) x10E(13)

* The &, obtained from the luminosity agrees with the Ave[&,] obtained from the
coherent tune shift.

* Both parameters saturate around 0.04.
* We can estimate the beam-beam limit at a current product of about 0.14 mA?2.
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Horizontal Tune Shift and Emittance

<Beam-Beam Tune Shift> <Beam-Beam Parameter>
Pa—— Y=131
¢ Dn_H+ Xi_x_cal
. Dn_H—I BB_4774 014 BB_4774
0.06 P : o]
0.05 [ l_ 0.12 I
§0.04§ .—l. 0.1 o L —
<>1|D 0.03 IT'—. :ﬁ' 0.08 y/
0.02 F Ti : 0.06 ° o
1 b 5 .?/
I ] 0.04 -
) PO I I P U B .
0 0.2 04 0.6 0.8 1 1.2 0.02
G(N/y) x10’ 0/ . ‘
0O 02 04 06 08 1 1.2
G(N/y) x10

Result:
* The estimated &_ does not saturate over 0.1.

* [t is higher than calculated values using a constant emittance.
- Need more consideration.
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Intensity Dependent Spectrum

~ Ampl. (dBm)

-120E

0.91/0.12mA
ILE'R V Tu‘nel 43

IR I

962
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SR BRI A

PRI PRI R R

P
b2 B4
Tune

S8 B

1 £-30f

£-50
-6

[}

-70

20

m E
Z.-40F
s

0.84/0.38mA

LER V Tune 43.

975
R

le*

T

A

1
EWW””

PRI PRI B

[
62 64 66 BB

While increasing electron bunch (opposite beam) intensity,
we observed a change of the spectrum of a positron bunch (own beam) with a constant excitation level:

Result:

[ie

0.81/0.58mA

LER V Tune 43.6124
i R R

n
o

4]
=]

Al:hpl. (dpm) .

* Spectrum 1s getting broader as increasing intensity of opposite beam.
* The beam-beam mode splits into two peaks.
* The 0-mode spectrum damps and the m-mode slightly grows.
o After that, we observed a short lifetime of the own beam.
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Summary 2

e Because of the nonlinear beam-beam force, the coherent tune shift is obtained
from the maximum tune shift (edge) not from a peak in the spectrum.
- Much difference between the peak and the edge.
- Not easy to measure the edge automatically.

* The estimated parameter, Z,* + E,°, from the coherent tune shift is consistent
with the parameter, Ey, from the luminosity monitor.

 The g, is saturated with about ~0.04, at a low bunch current of 0.14 mA?, the
beam-beam limit. The current is about 0.5 mA? in usual operations.

e The &, is not saturated over 0.1.
e The € is higher than an expectation, the reason is not understood.

When an opposite bunch had a higher intensity than an optimum value, the
tune spectrum of an own bunch was widened and the O-mode damped and the
beam-beam mode split with distortion. The phenomena resemble those at

high level excitation.
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m‘ Tune Spectra in Usual Operations 3.06 spacing
Pilot LER;

Ampl. (linear)

Ampl. (linear)

:5058/.5816 HER:0.5109/.5896 LER V#0;0.5715: single beam 0.9/0.43mA

' T ——  Spectra along train
#49 #4753

LER WV Tune 43.5945
L e

LER V Tune 43.5784 LER V Tune 43.5889
hE I I B T R T

LI i ] T I I I T T § r

i ] , .01

- "= oosf 4 g oosf .
015F 4 @ r @ ;

: = .006[ 1 & oosp- -
01F _— [ = -

C — r = 004

- E_.Dﬂcl' E- :
nosf 3 . _

; < 002} <% 002}

OF 1 1 1 1 oE 0 1 1
56 58 6 B2 B4 56 58 6 B2 B4

Tune Tune

HER V Tune 41.6236
—— —

HER V Tune 41.5961

HER V Tune 41.5955
AL DL I B

0z2H r f ] T T T T T T T

i ] 01t ] ] »—-..
- F F

S nosf -

.00af Y]

g C =

=006} =

=..004f 2

£ : £

<L .002 <t

0

Result:

* The sideband appears in the LER Vertical spectrum, except that of a leading bunch.
* The spectra are related to the electron cloud and the beam-beam.
* A tune shift is larger than that in a single beam.
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m‘ Excitation Amplitude Dependence o716 095043 ma

0.91/0.36 mA
#0 #4753 ® V_ tune O
LER V Tune 43.5684 LER V Tune 43.5856 ® V_Tune_49
26/27 dB  *°f ' ' ‘ N — ' ! ' E ® V_Tune 4753 | BBTS_071126
_405 ] - ] 0.597““\‘|\\\\\\|\\\|\ww7
g i [
= o 0.585 A . :
= a0k = L n ]
= 60 : r !
e ~ 0.58
. ; >| ° ° .
_goL [ ]
e  os7s :
Lﬁ 0.02
LER YV Tune 43.5827 0.57
] s ————————————] E oV ° 1
19/20dB—40 - 1 0565 L \\J?\\\ N . S R
T | E‘ -30 -28 -26 -24 -22 -20 -18
0 _sof == . )
= = Excitation (dB)
E -60 E )
70 65 Slope:
6 a2 . 70k ..55I ' I.58. ' ..6. ' ‘.62‘ ' '_54' - ‘10 Xloe(‘4) @# O
Tune Tune 2.7 x10e(-4) @# 49

-5.4 x10e(-4) @#4753
Complex Phenomena due to Electron Cloud and Beam-Beam:

* Vertical tune decreases with increasing excitation level.

* The nonlinearity was not observed under a single beam, even in a cloud.
* The nonlinear effect is strong in the backward bunch in a train.

* Tune shift along a train is larger that that in a single beam.
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Bunch-By-Bunch Orbit Measurement

<Performance>
TR, ......... SR é.smpwse ......... Pick-up Button
. . . .t
[l -lof4Chanmels- ' e Detector 508 +/- 30 MHz
1l : .LfQ B : Bandwidth
7}‘*’“‘_“?’: LA T AV pernoattatorf [ | Resolution 20 um @turn-by-turn
_ | acate Pulse |- RFp[COS o of Position 3 ~ 5 um @average
: o ; ; ; ; -bv-
I vl p— —<EF |eandPhase |03 deg @tm-by-tum.
oRev/100kHz : Phas?eShiﬁer T Low Fass Filer Isolation of Gate | 40 dB @ 3-bucket spacing
: : : ATT: Attermator
BFF: Band- Pass Filter
<Optics Parameter at Pickup>
N . LER HER
* Also use Gated Beam-Position Monitor. QViP2 | QXBE.2
B_x (m) 22.38 43.05
B_y (m) 22.50 4.34
¢_x from IP 22.68 23.33
¢_y from IP 21.67 21.51
n_x (m) <0.001 <0.001
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Position a]ong Train Crabbing Collision, 3.06 spacing,

- measured every 49-bucket - N=1585, LER: 1530 mA, HER: 800 mA

LER HER

e X_c
: HER_071031_3.06_800mA

-
m
4 Ix
1O
1N
1 =
o
1w
—
11
®
1O
1o
4 I_.
(9]
1 W
19
13
>
o
D

(mm)
-

(mm)
v

¢
;
;

o
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Phase along Train with 3.06 & 3.27 spacing

LER HER
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Position along Train with 3.5 spacing, w/o crab
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Details of Position along Train 1

Collision, 1350 mA, N=1485
3.2°7 spacing: 333433343334334
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* A large displacement in vertical position CETTTTT TR T T
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Details of Position along Train 2

Collision, 1500 mA, N=1585
3.06 spacing: 3333334333333333
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® Vertical position changes around 4-bucket spacing.
* Horizontal position and the beam phase does not change so much.
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Summary 3

® Observed that horizontal position shifted inward along train.
- Maximum shift in LER 1s 19 um@IP, in HER 40 um@IP
- Note the estimation does not consider the dynamic beta.
* Vertical displacement is rather small, except the leading part of train.

* Phase shift is due to the transient beam loading.
- Fortunately, the shifts of both beams are almost the same, 3 deg. @1500/800 mA.

* When the bunch spacing changed, we observed a large displacement of the
vertical position.

-5 ~ 6 um@]IP, unrealistic value!

- I suspect the button signal may be affected by wake fields.

: LER‘DN#7I Button_Freq <Button Signal>
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