Beam-Beam Effects Observed at KEKB
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Abstract with crab crossing is higher than that without crab cross-
ing. However, the achieved values so far are not as high as

Al .KEKB’ a ded|ca_ted machine experiment on craby hse from the beam-beam simulation. From the achieved
crossing has been carried out for about 4.5 months this yeﬁjrminosity the beam-beam parameter was calculated. In

Some of the beam-beam effects observed with crab CTO3Re calculation, the hourglass effect is taken into account

ing, whlch_ mclud_e a beam _In‘et|m_e_|ssue, are d|scussefgS shown in Fig. 2, the highest value gfis 0.088.
in comparison with those with a finite crossing angle o :

+1lmrad. Another problem with crab crossing is that storable
bunch currents are not as high as those without crab cross-
INTRODUCTION ing. A poor beam lifetime particularly in LER prevented
us from storing the HER bunch current. To mitigate this
During the winter shutdown this year, a crab cavity wagroblem, we tried to increase the HER horizontal emittance
installed in each ring. After the installation, a dedicatedrom 24nm to 29nm. As seen in Fig. 2, we could somewhat
machine experiment on crab crossing has been carried gti¢rease the HER bunch current with the higher emittance.
for about 4.5 months. General results of the machine expatowever, its effect was very limited.
iment are written elsewhere [1] [2]. In this report, charac- i o .
teristic beam-beam phenomena observed with crab cross-The achieved luminosity and the poor beam lifetime are

ing are described in comparison with those without crale"y contradictory to the beam-beam simulation. Possible
explanations for the low luminosity are discussed in anther

crossing.
J report [1]. The lifetime problem is discussed below in con-
nection with the asymmetry with respect to the IP horizon-
BEAM-BEAM PERFORMANCE P ymmety P

Beam-beam simulation

Recent beam-beam simulations showed that crab cro: ]
ing or the head-on collision provides a very high beam .14 =
beam parametef, > 0.1, if combined with horizontal 126 _
betatron tunes very close to the half integer [3]. Figure E ]
shows the comparison @, with the head-on (crab) and

I

crossing angle with a strong-strong beam-beam simulatio E . ;
A main purpose of the present experiment s to study if thie? g6l s -
high beam-beam parameter predicted can be obtained i o4l il e ]
real machine. B A ]
02 e -
Achieved performance in experiment IR ma e S e T

. _ . . I
Most of machine tuning in the experiment was done witl. Prls

a small number of bunches. Typical machine parameters _ _
with crab crossing are summarized in Table 1 compardd9ure 1: Enhancement of the vertical beam-beam param-

with those without crab crossing. Fig 2 shows the spet€r by @ head-on (crab) collision (upper curve) compar-

cific luminosity per bunch with crab crossing in compar/Ng With the crossing angle af11mrad (lower curve), ob-

ison with the crossing angle af11mrad. The predicted tained by a strong-strong beam-beam simulation. Parame-

specific luminosity by the strong-strong simulation is alsd€'S are the same as the present KEKB.
shown. As is seen in the figure, the specific luminosity



Table 1: KEKB Machine Parameters. T : gl SCRLTTIEE)
June2007 | Nov. 2006 Il S T " e
with crab w/o crab I EELIA ) =
LER HER| LER HER g, Teeten, ‘E
Energy 35 80| 35 80 | Gev S o ML ] R 1
Circumference 3016 3016 m a0~ e e w0’
Ibeam 48 27 1662 1340| mA Horizontal offset [um]
# of bunches 50 1388 [ Goa o a8 ]
Ibunch 0.94 0.53| 1.20 0.965| mA z ™ o m
Ave. Spacing 59 2.1 m SR T L i nE
Emittance 18 24 | 18 24 | nm © 5l " . ° 01 8
B 80 80 | 59 56 | cm £ os e 0 7
B 59 59| 65 59 | mm f o A s -
Ver.Size@P | 1.1 11| 1.9 1.9 | um N S O i iy e
RF \oltege 8.0 15.0| 8.0 15.0| MV B g foat e ] 02
Vg 506 .510| .505 .509 Horizontal offset [um]
vy 595 .596| .534 .565
So 089 .092] 117 .070 Figure 3: Horizontal offset scan done on June 9h 2004 with
& 093 .084] .105 .056 a finite crossing angle of11mrad. Beam currents were
Luminosity 1.25 17.12 /nb/s | 940mA and 1200mA for HER and LER, respectively. The

number of bunches was 1289 for each ring and the averaged

L o . beam-beam simulation with crab - hynch spacing was 3.77 RF buckets. The luminosity, the
: F‘L‘ & LER vertical beam size and the horizontal beam-beam kick

o0l s ] were recorded. Two different methods of the horizontal
; ‘ LB H24 /11,473 ] offset measurements were utilized.

151 .

f vertical beam size of LER and the horizontal beam-beam
1 kick as function of the horizontal offset at IP. As for the
% ki measurement of the beam-beam kick, we used two differ-

—
S __

124120 & ] ent methods. One is a method to use BPMs near IP which

[ (6/14) N . . T .
5l 22mrad crossing { measure positions of colliding bunches. In this method, the
el ] sum of the beam-beam kick and the horizontal offset is ob-

Specific Luminosity/bunch
[10¥cm®s '/mA?]

] tained from the measurement. In another method, a BPM
'2 A é é .‘I 1‘2 located in an arc section is used and the BPM measures
| * [mA?] positions of a colliding bu_nch and a non-colliding bunch
bunch HER — Thuneh LER separately and makes a difference between these two.
. . L ) The center of collision (the zero horizontal offset) was
Flgur(_a 2: SpeC.IfIC Ium|n05|t_y per bunch ,W'th crabgptained from the beam-beam kick measurements and in
Crossing comparing to crossing angle (thin blue) ags scan the setting value of abou70um gave the zero
a function of the product of bunch currents._ Weottset. As is seen in Fig. 3, there are two remarkable fea-
tried three different sets of the horizontal emittance;, .o One is that the LER vertical size was very asym-
I.e.18nm(LER)/24nm(HER), 24nm(LER)/24nm(HER) andetric with respect to the the horizontal offset. Another
24nm(LER)/29nm(HER). The highest v_alue{gfw 0;(_)88 is that the zero-offset in the horizontal direction did not
was achieved at the arrow. The predicted specific Iumtjive a maximum luminosity. A finite value of the hori-
nosity by the strong-strong beam-beam simulation is alsg - offset, abou0ym in this case, gave the maximum

shown. luminosity. In usual physics operation, due to these behav-

iors, we cannot rely on the horizontal beam-beam deflec-
OBSERVED BEAM-BEAM PHENOMENA tion for maintaining the optimum orbit relation of the two

Beam size asymmetry with respect to horizontBF?mS unlike fthe case of the verticgl_direction. In_steaml, th
offset at IP (finite crossing angle) horizontal orbit feedback system utilizes the verticalrhea
size of LER for the monitor value. This feedback works by
One of characteristic features with the finite crossing arkeeping the vertical beam size of LER at some target value.
gle is that the LER beam size behaves quite asymmetri- The LER beam size blowup occurs with the negative
cally with respect to the sign of the IP horizontal orbit off-sign of the horizontal offset where the LER beam is out-
set [4] [5]. Fig. 3 shows a result of horizontal offset scanside relative to the HER beam and the head part of the LER
done in 2004. In this scan, we measured the luminosity, thrinches collide with the HER bunches with a larger hor-




izontal offset. The asymmetric longitudinal charge distri The beam lifetime is one of the most serious issues with
bution for both beams due to impedance was suspectedd@b crossing. As seen in Fig. 2, the product of the bunch
be the source of the asymmetric behavior of the LER beanurrents could not reach the value with the crossing an-
size. If so, it was expected that the asymmetry would diggle of +11mrad. This situation is not reproduced by the
appear with crab crossing. strong-strong beam-beam simulation. In addition, theae is
mystery with the lifetime issue. As seen in Fig. 4, the LER
e - . .___beam life is very asymmetric to the horizontal offset. We
Beam lifetime as}’mme”y with _reSpeCt to hor'zorh'ave not yet understood the mechanism of the the lifetime
tal offset at IP (with crab crossing) decrease nor the lifetime asymmetry. Here, we summarize

Fig. 4 shows a result of the horizontal offset scan dong>"e observations on the lifetime asymmetry.

on May 28th 2007_with .crab crossing. Since the beam life- § e Jifetime asymmetry appears at high bunch cur-
time decreases with higher bunch currents, the scan was onts  With a higher LER bunch current, the HER
done with rather smaller bunch currents compared with that
in 2004. Again, the zero-offset was detected by measuring
the beam-beam kick. It was remarkable that the asymmetry
in the LER beam size was not observed with crab crossing.
The luminosity peak coincided with the zero-offset poiit. |
seems that this drastic change of beam behavior to the hor-
izontal offset indicates realization of an effective head-
collision. As a result of this drastic change, we can not uti- e The horizontal offset scan in Fig. 4 was done by mak-
lize the size feedback for controlling the horizontal offse ing orbit bumps in HER. A similar scan can be done
with crab crossing. Instead, the beam-beam kick measured by changing the LER orbit or changing the collision
by using IR BPMs is utilized for the orbit feedback with point (we can make a horizontal offset with a shifted

lifetime shows asymmetric behavior. The asymmetry
is a very universal and tough feature with crab cross-
ing and always appear in either of the beams at higher
bunch currents. The asymmetry does not depend so
much on the betatron tunes or other machine parame-
ters.

crab crossing. collision point by making use of the designed crossing
. » angle). We found that the asymmetric nature did not
R change with different methods of making the offset.
g o0 0 . It seems that only the geometrical position relation at
E 300 S T ERe sua“% the IP determines the beam lifetime.
i - - E e When the asymmetry is observed, we intentionally en-
e e I e larged the vertical size of the stronger beam by mak-
. e ——— ing a dispersion bump. However, the asymmetry did
Horizontal offset [1m] not change. It seems that this indicates that the verti-
N ) cal beam-beam tail is not responsible for the lifetime
o E ] . decrease.
i L = e - . pr Dynamic aperture is suspected to be responsible for the
I A R . 2 lifetime decrease, although a usual tracking with the beam-
E - el P E beam kick does not reproduce the asymmetry. We tried to
o1 f[_s Luminostyinos]] 05 explain the asymmetry with lattice non-linearity from some
a0z e machine errors or from IR quadrupole magnets, which are
Horizontal offset [um] . . .
not included in the usual tracking. However, we have not
2 [+ bambsankocann) "mg»j yet succeeded in explaining the asymmetry with plausible
B os s L 01 i values of non-linearity. We need more studies on this issue.
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Figure 4: Horizontal offset scan done on May 28h 200 -
with crab crossing. Beam currents were 40mA and 90mJ®! T- leiri etal, Proc. of EPACO4, Lucerne (2004).
for HER and LER, respectively. The number of bunches

was 99 for each ring and the averaged bunch spacing was

49 RF buckets. In addition to the luminosity, the LER ver-

tical beam size and the horizontal beam-beam kick, beam

lifetime of both beams was recorded.



