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Introduction

. Limitation of the bunch length,
Travel focus scheme

. present KEKB status

. Super Bunch scheme




Tentative Design Parameters . .y
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zero bunch design bunch
current current
sigz |5 o mm
LER =
sige |7.1 8.0 104
LER |sigz |4.5 5.3 mm
oha  |Sige  |7.1 8.5 104
sigz |3 3.6 mm
HER —
sige |6.8 7.0 104
HER |[sigz |3 3.1 mm
apha  |sige  |6.8 7.7 104




Luminosity optimization under the
bunch length limit

. Using travel tfocus only in LER
. Different B, for two beams.

. Longer damping time of LER,
6000-8000(LER) and 4000 turns
(HER).

e Bx=0.2m or 0.4m.




Waist control-I traveling focus

MTF — 6HI Mheadone_HI
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_ 8HI = 8HI a
— + -_— — +az = — — —_ = 2
y= Opy Y Py 0=0 0z 0 2Py

 Linear part fory. z is constant during collision.
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How to configure the crab cavity and sextupoles

crab cavity

* Head on collision”

Mheado'n = € p crs€ p

* Head on + travel focus
MTF — e—%pzzera;Z cfrse—epwze%pzz

crab cavity

- sextupole
e Actual ConM
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Crabbing beam in sextupole

* Crabbing beam in sextupole can give the nonlinear
component at IP

* Traveling waist is realized at IP.

a
Hy = 5?52

e At the sextupole position

B.(s)
7%= _|——bx(s)
b,
1B'L 1 1 B

2 = N
2ple 6B,B,\B,
* The same strength as the crab waist sextupole

K,~30-50




Travel waist in the weak-strong model

* Reduction of z degree of freedom

= Sexp [ / V s;)HypVo(si)ds; ] xz(—0), si(z) = Z_QZZ
Vo(s) = (s,0) = Sexp[ / Hods}
Pii+ D, _
= i:H:teXp [— . 9 ) ] y
* Travel focus
A
xz(+0) = e T gexp [— : / Vo 1 (s4(2)) Hyp Vo (54(2))ds; :] eH1(2) g (—0)

—A

N -
~ Sexp [— : /_A Vb_l(zi/Z)be(w)Vo(zi/Z)dsi: xz(—0)

* This transformation does not include z.

* This beam-beam system is two degree of freedom
(%-y).




Travel focusing results
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Travel focus gives a little luminosity increase, though the integrability of the
beam-beam system improves. Life time is improved.
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Parameters -positive -
Bx (m) 0.2 0.4
By (mm) |6H/3L OH/3L
ex (nm) [12/20 12/20
T /To 4000/8000 |4000/8000
oz(mm) [3.5/6 3.5/6
L bx103° 3-4x103°




Parameters -negative «-
SuperKEKB machine parameters

SuperKEKB using traveling focus (only for LER) and negative a

LER HER
. Ey 24 18 nm
Emittance
&y 0.24 0.09 nm
B,.* 20 20 cm
Beta at IP
B,* 3 6 mm
Bunch length o, 5 3 mm
Betatron tune Vy/ vy .505/.5905 | .505/.5905
Synchrotron tune Vg 0.025 0.025
Beam current I./1. 9.4 4.1 A
#bunches/harmonic# N,/h 5018/5120
Crossing angle 20, 30 — 0 (crab crossing) mrad
&y 0.182 0.138
Beam-beam™
&y 0.295 0.513
T, 6000 4000 turns
Damping T, 6000 4000 turns
Te 3000 2000 turns
Luminosity L 5.3x1035 cm2s!

L (1x1 0% cm’zs’1)

*1: ignore effects of traveling focus

Simulation

£,=18,4/24,

v

5000 10000
turn

15000




Present KEKB luminosity

. Life time issue Is solved. Aperture
limits the life time and also gave its
asymmetry behavior, ~ "Tuneceshietal

. The luminosity drop Is reduced, and
the luminosity behaves to keep a
constant beam-beam parameter for
changing current.

. The beam-beam parameter is around
& =0.09(&n=2re BL/r Nf=0.00).




Specific Luminosity and beam-beam parameter
Before summer 2008
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Specific Luminosity given by Y. Cai
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Nonlinear chromaticity measurement
and estimation with SAD

Figure fitted up to 3 order
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Chromaticity
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Symplectic expression of the chromaticity

. Hamiltonian which gives the chromaticity
IS obtained and is used In the beam-
beam simulation.

« 10xn coefficients are determined from

10xn chromaticities. o
Y. Seimiya at al.

(va’r“ /812,7’1,7 axan7 Vya’r“ /Byan7 ayan7 T"',n)

|

H = Z(anxz + bnxﬁa: + Cnﬁ?c + unyz + 'Unyf)y + wnﬁz + dnxy + enxf)y + fnf)my + gnf)wiﬁy)én

n=1




Beam size scan simulation without BB
(\/y:O_58) D. Zhou et al.

SAD no error
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Measured beam size scan (. ohnishi et al.)

LER v.=-0.0240

HER v,=-0.0209
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Beam size and luminosity simulation under the

presence of the chromatlc:lty D. Zhou et al.
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- . D. Zh t al.
R chromaticity scan. . = 777
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Summary for the present operation

Life time issue is solved. The beam-beam parameter is
the highest in the world except LEP.

Luminosity can be achieved 2x103* soon, but still
lower than our expectation.

Linear X-Y coupling and dispersion errors does not
seem to be well controlled.

Their chromatic effect is next subject.

Skew sextupole magnets placed at dispersive section
can control the chromaticity, and is installed this
shutdown.

The very high beam-beam parameter seems to be
hard to realize.

Crab cavity works well, thus we continue the tuning of
the parameters with taking the data.

It may be the time to study another possibilities.




SuperBunch-crab waist option

We have some difficulties to go the scheme with keeping the
present luminosity.

To increase the luminosity step by step, Bx at IP should be reduced,
with keeping €x. Because the present ¢ , which is >0.1, should be
decrease first.

Low Bx had been tried a long ago. In present KEKB, Bx<0.5m seems
to be difficult to inject the beam, though dynamic B may affect.

We should try low By at another tune operating point far from 0.5
again.




SuperBunch/Micro-beta approach

 Decrease Bx and By with keeping (ex Bx)%/By F
&,B,
* &~ (By /gy)"2, & Bx 6,0, <!

° L™N/(By)Y2

: B N[
/ \ A
eB,




parameters of several cases (sooobunches)

Super KEKB | Normal ¢ LER low-¢ L/H low-¢ |KEKB test

ex (nm) 181/24L 10/10 1/10 1/1 18/18
gy(nm) 0.09/0.24 0.1/ 0.01/0.04; 0.01/0.01 0.18/0.18
Bx (mm) 200 10/10 10/10 10 50
By (mm) 6/3 0.6/0.6 0.8/0.2 0.2 3
oz (mm) 3.5/6 6 6 6 6
$poz/0ox 0.0 9 28/9 28 2.2
ne 5.25x1010 2.2x1010 2.2x1010 2.2x1010 1.75x1019
np 12.x1010 3.3x1010 3.3x1010 3.3x1010 4x1019
$»/2 (mrad) 0 15 15 15 11
Ev,x 0.397 0.0017 0.0018 0.0018 0.0108
Ev,y 0.3| 0.047/0.031| 0.035/0.11 0.09 0.069
Lum (W.S.) 5x103° 1x103° 2x1035 5x103° 4x1034
Lum (S.S.) 5x1035




Strong-strong simulation for the
super Bunch scheme

* Slice longitudinal direction, 150 slices for ¢o./ox=
15-25.

* Collisions of 150x150 times were calculated for
one revolution. The i-th and j-th slices collides at
Sij= (Zi-Zj)/Z.

* Two type of the strong-strong simulation
—Gaussian approximation

—PIC solver, but Gaussian approximation is used for ¢s;j/
0x>2.5 (preliminary).




Super B (Italy)

HER LER
Circumference |3016
Energy 7/ 4
Ex/ €y 1.6x10°/4x10%% |2.8x107°/7x1012
of 0.006 0.006
Bx/By 0.02/0.00039 0.035/0.00022
N 5.52x10%° 5.52x10%°
Vx/Vy/Vs 0.57/0.60/0.01 |0.57/0.60/0.01
¢ (bo,/ox) 0.024(25) -15

* M. Biagini et al.




Luminosity
* Gaussian approximation

e PIC simulation, which is the first trial,showed a
low luminosity now. Numerical errors are
doubted. Revised simulation is on going.
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Beam size

* The beam sizes given by Gaussian approximation
agree with those by the weak-strong simulation.

 Strange behavior in PIC model.
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Coherent motion in Gaussian model

* Coherent motion is seen at the early stage
maybe due to a miss-match, but damp in a few
radiation damping time.
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DAFNE

* Measured luminosity=4.5x1032 cm~s™.

L (1032 cm'zs'1)
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Summary
e Super KEKB design with crab cavity. Beam-beam
performance is L=5x103>cms™! for Bx=0.2m. It
degrade 20-30% for Bx=0.4m.

* A steady effort should be continued with the
crab cavity operation.

* Every trials to increase the luminosity should be
performed in KEKB. Travel focus is combined
scheme of crab cavity and crab waist.

* To study the superbunch-crab waist scheme with
keeping or improving the present performance,
low Bx operation (~5-10cm) should be tried.




Beam-beam parameters for e+e- colliders

DAFNE  DAFNE KEKB KEKB BEPC-II CESR
before 2008.12.10 2008.11.21 2008.11.21  2008.3.202001.2 Rice
C 97 97 3016 3016 240 768.4
N bunch 110 105 199 1585 90 45
I+ (mA) 1.1 1.106 0.262 1.600 0.500 0.350
N+ 2.02E+10  2.13E+10  8.27E+10  6.34E+10  2.78E+10  1.24E+11
E+ 0.51 0.51 3.5 3.5 1.89 5.29
I- 1.5 1.431 0.162 0.970 0.500 0.350
N- 2.75E+10  2.75E+10  5.11E+10  3.84E+10  2.78E+10  1.24E+11
E- 0.51 0.51 8 8 1.89 5.29
£X 3.40E-07 2.50E-07  1.80E-08  1.80E-08  1.44E-07 2.05E-07
ey 1.70E-09  1.25E-09  9.00E-11  9.00E-11  1.44E-09  2.05E-09
px 1.7 0.26 1.5 1.5  1.00E+00 0.9381
By 0.017 0.0095 0.0059 0.0059  1.50E-02 0.018
™/T 110000 110000 4000 4000 31900 0
Evt=2re B L/yNf 0.0210 0.0315 0.0861 0.0802 0.0073 0.0561
Ev—=2reB L/yNf 0.0154 0.0243 0.0609 0.0579 0.0073 0.0561
L (measure) 1.5E+32  4.05E+32  2.90E+33  1.65E+34 1E+32  1.25E+33
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Near the half integer tune in Horizontal

* Transformation

.
Ln41l = (1 - 73:) Tn + ﬁx.u'xpm,n

| ta

9 ) Pxn — Fx($n+1, yn+1) Hx = 271'(1/3; — 05)

Prn+l = —HgTn + (

1 O*F
Fm(x, y) = Fm(a:, 0) + 5 a 5 y2
y=0 =
OF. 1 O%F. o
- =0 a . 2 ~ Fm ) X 2
oy |, 9y y:Oy (z,y) o




Vertical motion
* Vertical map

y(n + 1) = cos pyy(n) + By sin pypy(n)

py(n+1) = _ﬁiy sin pyy(n) + cos pypy(n) — Fy(z(n +1),y(n + 1))

Fy(j"'_mmy) — Fy(a_:)y) T35

* Fy fluctuates due to

* If horizontal motion is chaotic, stochasticity of
the vertical motion increases, with the result
that emittance growth is enhanced.




* Beam-beam force for a flat beam, ox/0,=100.
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(/Symbol b} x*{1/2} p x (1873 m"~{1/

Horizontal motion
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. The figures are roughly independent of v.




PY

v,=0.505

« X motion is clearly solved at v,=0.505.

* Y motion is bound on surface. No emittance

8,008
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e
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growth.
% Px Y-Py-X Y-PyX
008
\\\J 16606
.5§g.

1 1
0068 .00640.0002 6 0,0003,.0008.000
Yy

Horizontal tune near the half integer is better
for luminosity.




PX

PX
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v,=0.55 and 0.6

« When v,=0.55, 0.6, x motion is chaotic. y motion is
strongly chaotic, emittance growth.
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Xx-y coupling, vx=0.505

06.008
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R3=0.059, R4=0.025 == “.\ /7

(1 unit of KEKB knob ==
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