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KEKBEE{LDERETBIE
BEILZ/YT<1E. 8x103° cm2s1
Nano-beamA I, TKEKBIEER D40EZ % BIi5 9 IC .

- E=LRBHE 1.7/1.4-3.6/26 A (~218)
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Beam Parameters

KEKB KEKB Achieved SuperKEKB SuperKEKB

Design : with crab High-Current Nano-Beam
Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 3.5/8.0 4.0/7.0
B,” (mm) 10/10 5.9/5.9 3/6 0.27/0.42
g, (nm) 18/18 18/24 24/18 3.2/1.7
o,(um) 1.9 0.94 0.85/0.73 0.059
g, 0.052 0.129/0.090 0.3/0.51 0.09/0.09
o, (mm) 4 ~6 5/3 6/5
lpeam (A) 2.6/1.1 1.64/1.19 9.4/4.1 3.6/2.6
Ny unches 5000 1584 5000 2500
Luminosity 1 )11 53 30

(103* cm2 s1)



Finite-Angle Crossing
Collision

Laboratory Frame Head-on Frame

x =x+ztang
y =y

z =z/cos¢

p, = p,lcos¢

p; = p,/cos¢
p,=p.-p.tang

Rotation in X-Z plane
and boost along X direction

Y. Ohnishi / KEK



Collision Scheme

High Current Scheme Nano-Beam Scheme
*k
~ % O Ox
o Z
* /
61 /
Half crossing angle: ¢
* Head-on frame
~ O, (rotation and Lorentz boost)
O =——
overlap region < ¢ overlap region (# bunch length)
= bunch length * *
~ S O
O m O S

Hourglass condition Hourglass condition
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Nano-Beam Schemelc &7 d
Crab-waistDE x5

Y4 F =y I7IN—F v (HZFOF)DRED
& WS RlEE

KEKB7v 7% L—RKTIl&.
Crab-waistZ{#Eb7%<TH
S8xX1035DIVE /T 1DEENBELSIC
l\°5X—95§1’REﬁOTL\%o

Crab-walstlzl:l\“/ 7 VT AT Jo

hhhhhhhhh



g AR
SFTNano-beamic LT
HEBRNE>TcDOD?

» Crab-waisth#EL\EELE M HEINELLN,
— RAFZIYITIN—F ¥ ELIELG S,
o :*=ZL\/\‘/7"*20) - — LI T AE—L-E—L
SL—ar B EILINTLNVGE Do T,
s E—LNXFERERRZTR) ..UV DR
EBYZEZTGZWNWELVODAEZE-TET-,
— TV L—RDT= D EZ M EHE

Y. Ohnishi / KEK 12




RIEDER

c E—LE—L JSL—avhtavEa—
T BiTOFE(R/\aY) LEHITRLEL
T&T1=,

e crab-waistZiL (FhHVELY) TEWNILE/ T4
MRIADBNTGA—=EINRRDOMYDDH 5,

s BINEMIEFEDEIMLEFTATSVI T IN—
FxDBELNILIEDDHSB,



KEKBSERE{L D&t 75 &t

- 14-th KEKB Accelerator Review Committee
(2009%2R) L. F/E=LGNICEDWTERE

%’:;‘@.MT %TCO

— The Committee recommends that the machine design
work concentrate on the low emittance option for the
next few months, with a focus on identifying any
possible showstoppers.

¢« INEXTDEZS, MG HEREIRRE DD > TWLWRLY,

. BlEfEF/ C—LFROEMBEEED,

ICfEA %,
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Colliding bunches

‘t*\-—f,‘j -- /

»

Nano—Beam

New Superconducting /
permanent final focusing
quads near the IP

Replace long TRISTAN
dipoles with shorter ones
(HER).

Add / modify rf systems
for higher currents.

Redesign the HER arcs to squeeze \
the emitance. u ' ‘ Low emittance positrons to inject

Low emittance gun

Low emittance electrons to inject New positron target / capture section

[NEG Pump)

; \
L="=114 0; Ry =
2er, Oy Ry )

(SR Channel)

o= [Beam Channel]

x40 Gain in Luminosity

TiN coated beam pipe with
antechambers

Y. Ohnishi / KEK 16



Machine Parameters
—-_“_

Emittance

Coupling ey/ax 0.40 0.48 %
Horizontal beta at IP B, 32 25 mm
Vertical beta at IP B, 0.27 0.42 mm
Horizontal beam size o 10.1 6.5 um
Vertical beam size o, 0.059 0.059 um
Bunch length 0, 6 5 mm
Half crossing angle ¢ 41.3 mrad
Hourglass condition o,/ 0.245 0.157 mm
Beam Energy E 4 7 GeV
Beam Current I 3.6 2.6 A
Number of bunches n, 2500

Beam-beam parameter &y 0.09 0.09

Luminosity L 8x103> cm2s?

Y. Ohnishi / KEK 17



item 1

Low Emittance

¥ ¥
LER HER
Longer Increase
bends number
of arc cells

,[small dispersion)
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item 2

Low Beta at IP

~
Separated final quads

Closer to IP
Large crossing angle
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Qc2 KEKB/KEKBE EE{E(HCS)

3 EfH 22 mrad(KEKB)/30 mrad(KEKB-HCS)
QCSIELE, HED QCS
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KEKBS EE{E(NBS)
3ZE 8 83 mrad(KEKB-NBS)
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Nano LER IR

Y. Ohnishi / KEK
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Nano HER IR

Y. Ohnishi / KEK
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item 3

Dynamic Aperture”
for injection,
Touschek lifetime

¥
Local Chromaticity Correction

with small emittance in IR

*Dynamic aperture: NZEOF . E—LDAEMNLEMRE
Y. Ohnishi / KEK
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Nano-Beam HER
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Injection

beam from linac Top-view
(K SEmH)
septum
magnet . .
; UL AEEENE
storage beam E— L8

kicker 2 kicker 1

(1) AFtFvh—Iz&kY., EBEE— LKA/ TiEEL S,
(2) AFTE—LIX, BT 2 LTERE—LIZFELN DD,
R—E2rAVIREBILEA S, EBEE—LEERT S,

AFIRIEEAFE—LDKESDEETMN, BEREINDZT/N—Fx L35,
F-. ARE—LDN\VFRICHBTHAIRILTF—FROTZ/IN—FvE b E,
(BT /IN—FvBEUF MY -7 I\—F %)
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Injection Beam
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Touschek Lifetime
INOFRRLF D AS5—FEL

FLF R DERICKY.,
ETARIDEHNEZTRIRT S,
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Touschek Lifetime (contd)
Touschek lifetimeZ MR I B1=8IZ:

BAFTEVI T IN—F Yz RKBERECT S,
E—L-IRILF—ZHEET S

E3

T X —

N
LER(e+) x HER(e-)
4 GeV x 7 GeV
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LER Dynamic Aperture (stored beam)

Touschek Lifetime: 796 se

50 T T LI 1T 1 IIIIIIIIO/IIIIIII 1T T 1
+ 1%

40

Ax/ oy

A o / 08 /users/oide/SuperKEKB/LER/ItalylP | 8B-TOA 1 0cO_QOide_34.sad

*Touschek Lifetime: Ax, AzDRFFEFADA ., 5147 ADHD T A H
*Emittance: 3.1 nm with intrabeam (4 GeV, 3.6 A, 2500 bunches, 0.45% coupling) 35



HER Dynamic Aperture (stored beam)
Both X-LCC and Y-LCC scheme

0 Touschek Lifetime: 709.8 sec w/o solenoid field
| 1 I I I | I I I I | I I I I I I I I I | I I I I I I I I I | I 1 I I | I I 1 I
- NETHEATRAREGE _
B [ 5x560LLCH . 21y/2)x= 0.5 %
.|_Q 25— v : v , _
ﬂ [
20:— ]
x [
o [
x -
< [
103_ - RERE ~
: (f5sHTEtH)
5_ i . p—
m: 1 ‘ 1 1 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 ‘ 1 .
-20 -15 -10 -5 0 5 10 15 20

Ae/oe, EEi2sMHE
al: 16.0000 b1: 19.6299i/k=@2: 15.9495 b2: 16.6987 36
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EBNHRE (M&SXARX)

KEKB KEKB Achieved SuperKEKB SuperKEKB

JLERY/HIER) Design : with crab High-Current Nano-Beam
Energy (GeV) 3.5/8.0 3.5/8.0 3.5/8.0 4.0/7.0
U, (MeV) 1.64/3.48 1.64/3.48 1.23/3.48 2.293/2.145
lpeam (A) 2.6/1.1 1.64/1.19 9.4/4.1 3.6/2.6
P4 (MW) 4.26/3.83 2.69/4.14 11.56/14.27 8.26/5.58
P..4 [LER+HER] (MW) 8.09 6.83 25.83 13.83

2 =% « X hDREIFEF,

Y. Ohnishi / KEK 38



Projection of Luminosity
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Physics
Program

Evaluation
# 0.9 /ab/month
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Beam-beam force

B The electric and magnetic field can be written by:

Ar B —_ MO)\J’/J)C _ /3) E A is a longitudinal line

E - _P
" 2ma’e, Y

> .
2 1a c charge density.

e, =1/c’
B Lorentz force can be expressed by: oty =1/

F = —e(Er —C[))B(p) = —e(1+ [3’2)Er s V=cC

B Beam-beam force is proportional to the electric field and
an attracting force.

Y. Ohnishi / KEK 46



Beam-Beam Parameter

In case of Gaussian beam:

F.(x,y,0.,0,)~iF (x,y,0,,0,)

/0;2 o7 \
X+1—5Y
. 2 2 *2 )
. 27T X+ 1y X y O, g,
=~ O_,*Z _0*2 W ) ) _eXp _0*2 - 0*2 w ) ) (
F=00 | W20 -0 F00) 2007 -0
\ /]

Error function

w(2) = exp(—zz){l —erf(-iz)}

Nonlinear Force

S, * F
X X Linear part of beam-beam force
= Beam-Beam parameter
gy oS F P 3

Y

Y. Ohnishi / KEK 47
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Beam-Beam effect and “Chaos”

1-dimensional < | 2-dimensional *near-integrable surface
Xy =0 xq = 5% 0f o,
B B e e B e OO T T T T T ] -
001~ - .0015— 3
sE-4f— _E E‘_A'i*ﬁﬂtéﬁéoﬁ_;_
P or —
v g=002 Py
; : : .
—.001; — —.001:— 2
'°°1=|32|131£é4105 —0011=4 . qE,
Y Particles are confined in KAM®". o
R e B B " " ’ :" o
o chaos -4
S5E-4 E
SE-4— o
P 2
o = Y
Py € =0.053 _ i
Y —5E-4
—5E-4[— : E
_.0015_ -.o01f 8
i —.001'=:' T . 0
-.0015—— %10 o
2
T KAM is destroyed. L
oo Beam size growth ™K.
SE-4f— SE-4
Py
Y —
e € =0.10
: Y
—.0015— _'0015' .
PO S I D I D B D PO S I RPN S D EAR S I I
: 3 2 El 0 T 2 3 «1076 - = = = 1 i0é
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Horizontal Tune close to Half Integer

In the collision of two beams, particles interact with
fixed beam at either x or -x for v,_=0.5.

y x(n)=+2J B, cos(2av n+y )

o | o > n: turn number (integer)

> X

In the case of crab crossing, the phase space structure
in y-p, at x is the same as that at -x because of
symmetry of the fixed beam.

System becomes one dimensional and avoids bad
resonances, the beam-beam parameter can be

increased.

Crab-crossing v,=0.5
(resolve xz coupling) (resolve xy coupling)

This technique realizes high luminosity at KEKB/HCS.
To make this possible, machine errors must be reduced
significantly.



History of Beam-Beam
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Beam Spot Size near IP

0., (2) =, Bl +
i *oy z=0atIP
Y\
E R—AE#ER/N . z=0%waist&EFE S,
0,, = |
Xy ﬁ* Angular divergence of the beam at IP
VP

Hourglass effect

BRAN—FEBERNIEARSEE . BRAMLENDIZOLNT
E—LHY A XDREGDENIENKRELGD (ZRBFENKREED),

NOFEIMEREHEDIHES . HourglassI R KR T 5701,
NOFRER—FBAHMEREBEFIXUTELRRESICESTIDELH S,

Y. Ohnishi / KEK 53



dE—L > MESIYE(CSR)

NOFRESIDHERVEREEOMEKE.
de—L 2 M E RS,

RWERNSTHENVFRIERLE
RGESDTHUHEDR > IEDh
BRABANTFISHEINh S

BOWYFEFEIe—LY FESYD
BREEBDIEZIDTEAEL S,

Y. Ohnishi / KEK



A2ae—L 2 MRETIE: OE—L 2RSS
15 E~ N2 TIHZHE~N
a8 T —~ N MET/ 8T — ~ N2

Je—L > Mgk

(N[ AN FRARERFE)

(AL AL

{

AVA7a7a7a

NOTFE

Y. Ohnishi / KEK

99



de—L > FESYE (cont'd)
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The Polarized Electron Gun for the SLC
D. C Schultz, J. Clendenin, J. Frisch, E. Hoyt, L. Klaisner,
M. Woods, D. Wright, M. Zolotorev
Stanford Linear Accelerator Center,

SLAC-PUB-5768, March 1992

======
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9.4
B kV/mm karg,.
», !
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— — ¢ —
e 160 kV
13 kW/mm

. o o o s s

laser light input

7 x10% e- in 1 nsec

q=11nC

{b)
| =11A
| 87%(inj) x 97%(ring) = 85 %

.@aaAs photocathode
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1. Compton
2. Polarized Breamstrahlung
3. Selective Compton
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Beam-beam force (cont'd)

x10

Horizontal Vertical
= 025 -~ 0.15 0
ET DR »| Analytic formula
= 0.2 -
= 5 0.1 -
o 0.15 -
3 F m
o 01 F 200 um 005 L Beam-beam force is nonlinear.
C » B |~
= 0.05
v - [ This region is almost linear.
0 C IIIIIIIIIIIIIIIIIII 0 III L 1 1 1 IIIIIII .
-500 -250 0 250 500 20 0 20 40 Focusing force
x offset offset (um)
. ( _ ] y (um) Apx 4n§x
B L & € 0.002 | & @ =X Y
= 0.001 © 2 " / /3* ?
S S 0001 | p X,y
= LT = C
S - £ el feil R BEEEEEETEERE
AF)X/r) 8 0 RN """"::;EE;" 8 I N D Apy/p
2 A% 1S S O S
£ = ¥
: ot r.N
O o _ _ e "l xy
0 .0.001 - m_ C ] gx,y: - * ¢ * R&x,y
L1 I 1111 I 1111 I 1111 I 1111 I 1 ' :I I 11 1 I 11 1 I 11 1 I 11 1 I 1 2ﬂyi0x,y (Gx + Gy)
-500 -250 0 250 500 40 20 0 20 40
x offset (um) y offset (um)

We call this slopygo(hg%y)m? beam-beam parameter. N



Beam-beam parameter

. T N.B,
&> :

- 2my. O’:(O’i + (7:) .

Ey

Maximum luminosity is given by: ,

LoxNN =EE' < (gy ;5;)

> N, N. Jap < At
v 7.
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Beam-beam parameter

. T N.B,
&> :

- 2my. O’:(O’i + (7:) .

Ey

In case of Nano-Beam scheme:

N /3) * Oy = \/8x,y/3 X,y
gi re + y R " ¢
y & O0,=0
2y, 0.9\ € v
= Y £, =KE,
BEEA—FEHERY DD, E—LE—LNSA—REMET H1=0IZ(E.
R CEEIIVAY RENSTIDENH D,
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SuperKEKB A (CIHAELR
* Loss rate K (BEEE‘?F)
I()=Ie™ —=

dt_ T
dl

I[,=38A,7=400sec = —=-95mA/s Q
dt A bunch

1.9nC (t=400s)
* |njection rate

— Linac 4nC/bunch -> 8nC/pulse 15.2nC

— 25Hz ->200nC/s -> 20mA/s

— Injection rate: 10mA/s

— (Injection eff. = 50%) T (sec)
* imbalance of bunch charge

— lyoam=3-8A, N, = 2500 -> 1.52mA/bunch, 15.2nC/bunch

— 25Hz injection -> 50 bunches/s -> 50sec for whole bunches

— Charge imbalance -> 15.2nC +/- 1nC (+/- 6.6%)

* Maybe somewhat worse in a real situation
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Positron Damping Ring

DR 2009.08.28, Kikuchi, M.
e + OR Byt 1021 _0%0826.mcd

FE

* 20094 MEER DEEER ST = iR
* 010FE b;YRIVEZRFREA

*202FE b~ - BETHK .
* 135K HENE - EEmAERNA

4B.566

RED AEN O FEHERFAND Z LT (4 nC/buncth

Energy Compression System e
Bunch Compression System & NLSTESIC 3

Zih
o }"_L\jj—?—[lf;t (Ax=25 L m, Momentum aperture=i|.5%)
SWITI vy Y ZERE 2000 nm — 13 nm
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High Current Nano-beam

Bunch length

requirement : o o
GZ<—X%OO((/)%O) o, >—
¢ ¢

Hourglass requirement :

Luminosity : L < N:N*‘ [ < N““N‘*
0.0, ¢o 0,
Beam-beam parameter: E o N + ﬁy 5 o N + ﬁ y
y * y
0} € 0} £
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Y. Ohnishi (KEK

Parameter Considerations

Beam current:
Keep luminosity: LxE-] Increase E, decrease 1
Decrease E, increase 1

Damping time:

2ET Increase E, increase U
T, =T, =2T, =——
o SU Decrease E, decrease U
Bunch length: Energy loss/turn {J o< E*
Keep bunch length: o <% o o |%E ’ Increase E, increase V.
© 2mav, ° Ve Decrease E, decrease Vi
if o 1s fixed.
Energy spread: o —v | « E
=20 O, can_pot be controlled.
55 h S
C,=—>-" _383x10" m
“ 3243 me
Synchrotron tune: v o |GeVre Smaller v, is preferable.



