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DAFNE: Cubic lattice nonlinearity
Only one IP

o Ay, PUBTE. X4 NORH - Ay, CUBIC X-2.N0RM | |Cﬁ;l&‘L < 200

.9 A Au QRICGIRY |,

Au,  CUBIC %4 NORRY
70,

¥, S __‘.'m. 0.0 »:;uf‘ | : 4 S5y i _' Y '-'I_I‘ — Ax 0.0
Cy; =-400 C, = = C;; =200
o /o ,= 10353 o,/c,=1.075 o,/o,=1.067 o,/o,=1.110
o,/0,=1.30

o /o,=1.160

0,/G,0=1.038 0,/0,0=1.047 0,/0,0=1.044

0,/0,=1.055
Figure 3. Beam-beam blow up and tail growth as a function of the cubic lattice

nonlinearity (numerical simulations). Equilibrium density contour plots in the
space of normalised betatron amplitudes are shown.
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DAFNE: Cubic lattice nonlinearity
One IP + 2 nearest PC | _ ;5
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Figure 4. Equilibrium density contour plots taking into account 2 Parasitic Crossings and
lattice nonlinearities.
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2. Vertical beta comparable with overlap area by"ZSX/ q

3. Crab waist transformationy = gXx y 0O /

physics/0702033 1. P.Raimondi, 2SuperB Workshop,
March 2006

X By
e_ . . .
2. P.Raimondi, D.Shatilov, M.Zobov,
! 9// iy ohysics/0702033




Crabbed Waist Advantages

a) Luminosity gain with N
l.Large N s K 1 |B)Seryfow herizoftal tune shift

— 3/ c) Vertical tune shift decreases
tg(q / 2/ with oscillation amplitude

2. Vertical beta comparable

with overlap area a) Geometric luminosity gain

b, v2s,/q =

b) Lower vertical tune shift

c) Suppression of vertical
synchro-betatron resonances

3. Crabbed waist transformation

y =4Xx M a) Geometric luminosity gain

b) Suppression of X-Y betatron and
synchro-betatron resonances

M.Zobov,C.Milardi . . QH A MO
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X-Y Resonance Suppression

M.Zobov,C.Milardi

o

WY E RN < A DI NS BN

Much higher luminosity!

ISessran

\»J! ., 23

o1 Q@ =

e ——— o —

bR \m .,
Q ° HN.

——

&)
9
A —
75 ;
L5
..A Se N\ IE
o o3 £
VieE 1k
N 8

i
v, 4 o
N ,D.. o S
SN o
'\ t=3 q4
& 1 =}
\Q
i ]

o s

<

‘.V
<
7 , o g i
S B o /
S NN Q9. z ”
K \ \ S\ ST : ¥/
Q B8 A N D 7 :
A2 S S 7
1 SR Y7 A
%
;( ' lL&N »
y 3 D=0l ™
)
\

S

r TN
> ) J
- =
g Y N O\ p
& AN % I
I B WY / \
S < 1 oy DS V7d<
L 2 $ N D i\ 2 I = SH i
AN PR S, X %
L R AN S 2 Q Sy
— S F# A o ¥
0O Q7 \
L A\ = A
P 2

, A
,HH“.,» ‘IWU\PW “\\ M\M
oo
SR

(¢
e
Vo \n,,__ B
N

/ A
2 . .@\\

Crab Waist On:
1. large Piwinski anglgé >> 1

2. b, comparable witts,/q

Typical case (KEKB, DA NE etc.):
1. low Piwinski angld- < 1
2.b, comparable witls,




Frequency Map Analysis of Beddmam Interaction
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D.Shatilov, E.Levichev, E.Simonov and M.Zobov
Phys.Rev.ST Accel.Beams 14 (2011) 014001



M.Zobov,C.Milardi . . QH A MO

DAF NE Peak Luminosity
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Crabbed Waist Scheme

Sextupole I= (Anti)sextupole
t by, b, *b*x b b by
p > < p >
Dm, =P Dm, =&
g 2 Y 2
Dmy =p Dmy =p
Sextupole strength Equivalent Hamiltonian
y 1
K = 1 *1 by H:HO+_Xp)2/
29 b, b, \ bx o
\ /
2
by — b; + (S_ qu)
b
y

M.Zobov,C.Milardi . . QH
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Logarithm of the bunch density at IP (z= -1 &=

The scales are 10 sigma for X and Y.

Lg Dens : Horm-1

Lg Dens : Grid-1

2=0.

D. Shatilov
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Normal form analysis afabed wasittransformtaion

A Oneturn map with bearsbeam
exp(: —a.;r.pg, ) exp(: Hpp o) expl(: aa‘pi exp(: Hare @)

A Oneturn map without bearsbeam at IP

exp(: m‘pi exp(: Hare @) expl(: —(L;’L‘p; )
expzh(x}: exp'f3 (X): e}{p:h(‘m:

f3 = expF2(X): ba‘pi - b;rpg

= b(cos pipx — sin izpy ) (SIn fi,y + cos ,u.ypy)Q — b;rpg
1 : N
fa= —5 - exp /2 (X): b-:rp; ; b;r.pg

There only exist'8order generatingunction
F3 = (—235.7 + 3.200564813177209 x 10~ 1%i)e %= /4, A,

LA TAE2Q,/Qy = 0.51/0.58, 5,/6, = 1.0/0.015, a = 10 A1,

117.85 + 4.947431353485854 x 10~ 1%))e 1= =210 /4 A,

117.85 — 2.779027008514845 x 107 15))e 0= 210 /4 A,

(
+( ,
+ (117.85 + 2.779027008514845 x 107 15))el¢r =290\ /4, A,
+ ( .
+

)
117.85 — 4.947431353485854 x 1071%))el?= 2190\ /4 A
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Motivation of crab cavity at KEKB

Y. Funakoshi BeamBeam Workshadp, CERN, 2013
. Crab Crossing can boost the beasam parameter higher than 0.15 ! (K. Ohmi)

16— _— Heaaon (crab)
14 - Strong-strong beam-beam
12 - simulation
n; -
= .08 = -
O ] 22mrad crossing angle
wr .06;— J’I‘H‘Hﬁmﬁ-ﬂk/ﬁ/
.04;— /.,// e ]
I | | | Head-on
00.5"11"'1(.5A)2' }—»Xy~0-15
p,LER (M —
RF deflector | nx _508
(crab cavity)
Kick o . .
T Lo - o Luminosity would be double

with crab cavities!!!

| .
| crossing angle

. After this simulation appeared, the
N development of crab cavities was

o 1 revitalized.

First proposed by R. B. Palmer in 1988 for linear colliders.

head-on collision




Single Trab Cavity Schewme

IP (Belle)

Beaw tilts all around the ring.
z-dependent horizontal closed orbit.
Seak — {ilt at the IP:

Came
Nikko

§ & Supercond. ; Ou V BE B2 cos(VS — pz/2) Viowss
. 2] 2 sin( . /2) Ec
Ursaganied Table 1: Typical parameters for the crab crossing.
Ring LER HER
0., 22 mrad
B3 80 80 cm
G Y 73 162 m
Fuji po/27 | 0.505 | 0.511
i | VS /2m | ~0.25 | ~0.25
* 1 crab cavity per ring. oot En e e E i

* saves the cost of the cavity and cryogenics.
* avoids synchrotron radiation hitting the cavity.



Daily integrated

Y. Funakoshi BeamBeam Workshop, CERN, 2013
Skewsextupoles

Luminosity of KEKB

Crab Crossing

Oct. 1999 - June 2010
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K.Ohmi ICARO9

D. Zhou, KOhmi Y.Seimiyaetal., PRSRAB 13, 021001, 2010
Y.Seimiya K.Ohmi D. Zhowetal,

Prog.Theor Phys. (2012) 127 (6): 102919

General Chromaticity

The chromaticities of Twiss parameters an¥ | «.(9) = ;am—af Bud) = éﬁma‘
couplings o o
v, (8) =D v, 8 ri(8) =D r;d
i=0 i=0
u=xy and j=1234,

TK S-dependenttransversematrix can be split 17(5) = A7(0)My (6)
into the product of two matricesAll the
chromatic dependences are lumped if,0 + U

Generating functiorF, is used to represent "0 f MIfaA F=acAl o @

the transformationoM, 0 + 0 ® ¢ KS 3ISY SNI 0&/ d@nrtuinlh [
function guarantees the 6Bymplectic Hi By 5. 5) "
condition. Hamiltonian which expresses = S (an® + 2 + e+ 2y + enrpy

generalized chromaticity is given by =t
+2fnypr + ani-_’a:ij + un .1_1'2 + 2vp, Ypy + “--'ﬂﬁg)gnfg.

Alternative way is the direct map for the x(s+ L) = My(8)z(s).
betatron variables () hiim) ) and@das (s + L) = =(s) + a ML(6)S405 M (6)x/2



Measurement of chromatic coupling

HER
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FIG. 3. (Color) Measured chromatic X-Y coupling at IP in HER.
The blue plots indicate those before and the red plots indicate
those after the skew sextupole correction. The dashed line
indicates the natural chromatic X-Y coupling estimated using
the model lattice by SAD.
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FIG. 4. (Color) Measured chromatic X-Y coupling at IP in LER.
The blue plots indicate those before and the red plots indicate
those after the skew sextupole correction. The dashed line
indicates the natural chromatic X-Y coupling estimated using
the model lattice by SAD.
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Scanof firstorder chromatic coupling
(WS Crab On) D.Zhou,etal.,PRST . MO A HMADAN
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Y. Funakoshi BeamBeam Workshop, CERN, 2013

Chromaticity of x-y coupling at IP

A Ohmi et al. showed that the linear

(Eele chromaticity of xy coupling parameters
at IP could degrade the luminosity, if the
residual values, which depend on
machine errors, are large.

A To control the chromaticity, skew _
| sextupole magnets were installed during
@ LER skew-sextupoles (4 pairs) winter Sh UtdOWﬂ 2009

® HER skew-sextupoles (10 pairs)

A The skew sextuples are very effective to
Increase the luminosity at KEKB.

A The gain of the luminosity by these
magnets Is ~15%.



Experimental observations

The first scans of chromatic coupling at IP during the KEKB operation:
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Experimental observations (cont’d)

Skew-sextupole tuning was very effective w/ crab on ...

constant beam-beam parameter ;V(HER) =0.08 (I /1..=8/5)

/
/

/

B s oo o W RS TR
24 — e gimutation—(B.*=-0-8-m)
20 [ o~ N | R BB 0 2
£ M%
£ %
F-40 i Pk ]
~ < | SN simulation (B* = 1.5 m)
AR — v e — : 1
. - e H A5 TARRE SR B o -
5 § o
» kg
£ o 16 : ‘- j\s»? “ j
g g ; 7 e 1" f
SR | A ]
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ma + 4 . ~ -3‘
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8 s e ] e ] W] | i il ]
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16 Y. Funakoshi, et al., WEOAMH02, IPAC’10 (2010)



Experimental observations (cont’d)

Specific lum. w/ crab on and w/ skew-sext. tuning optimized

Lum. gain from crab cavities: ~“20%, Lum. gain from skew-sext.: “15%

constant beam-beam parameter: ;,,(HER) =0.09 (I ./1..=8/5)
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Experimental observations (cont’d)

Skew-sextupole tuning was very effective even w/ crab off.
This was a surprise...

30._ | | I | | I I | | | I | I I I | I I I | ] I I | I I I I I
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g 25 Blue: w/o skew-sextuples -
% i 99 bunches + pilot bunch /beam
= =20 June 25 ~28, 2010 B
o~ . :
= 15 TR -
= = - T RN S -
io : : :- o : Y ’:\1{"—:‘:1 TReB A §
0% 10 - ‘ ey, { - i t
=5 | * R R |
TS ] ]
o 9O -
o i ]
) i i

~ 0.2 0.4 0.6 0.8 1 1.2 1.4
Ibunch HER * lbunch LER [MA?]

17 Y. Funakoshi, et al., WEOAMHO02, IPAC’10 (2010)



ASuperKEKB



Weak-strong Simulation for LER lattice

> Even low current, luminosity loss ~“20% is seen.
> 30% loss at the design current.
> Chromatic effect can not explain the lum. Loss.

BBWS ——
SADISE sler_1684

BBWS+Chrom. --=- |
Design

N
(&)

-

SAD +weak-strong BB

—

K. Ohmi, D. Zhou
SuperKEKB MAC2014, Mar 3-4, 2014

Specific Lum. [10%cm™?s 'mA™?)
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LERSImpliedR

A Simplified lattice by H. Sugimoto
A Sler_simple001.sad: no solenoid but preserve main optics parameters
A No significant luminosity degradation at low current

A Solenoid is the main source of lattice nonlinearity?
3 . : .

BBWS ——
SAD sler-1689
SN SAD w/ SC sler-1689 e |
<~ SAD w/ Nosol lattice —m-
E _ X SAD w/ Nosol lattice and SC --=--
c}‘; o :_'_':r‘--«.-..,.'b___._h;!h:mr N '. weESIgn i
L O 0

& W - . e T
& s % . e D. Zhou and Y. Zhang(IHEP
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Lattice nonlinearity from tury-
turn data

A Initial coordinates (x0, 0, 0, 0, 0, 0);
A x0 changes from 0 t0'§
A Watch point is at Il)eambeam is off

sher-5767 vs ler-1689 in X direction
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Lattice nonlinearity from tury-
turn data(Cont.)

AEvidence of nonlinear-X coupling
ACOD in Y direction as function of X offset

sher-5767 vs ler-1689 in Y direction

111111111111111111111111111111
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Frequency Analysis

* Linear Normalized Coordinate
A X A

X =E'px = Px *\/Bx

s B oa

4 \/—T@»py_py*\/ﬁy»

Turn-by-Turn data could be represented by (with first order approximation)

z(m) — ipz(m) = / ‘.ZAIc”’”"f*""f-"’
‘ A St i
_ Z 2ia ubcd ) - (‘)‘49)
abed

l/(’”) iﬁy(‘”l) — ‘2:‘1" (;i(m“ y+&y.0)
, # d— l e
Z ic ab( (1 ‘ ‘ ) A (2‘4 ) ( )(Mmpz+¢z.0) >l(d_c*

abed

—*_)Ld Ci(b—a+l )(m;lf—(."»I‘._.)Ci(d—(r}( Mpy+¢y.0)

L)(mpy+dy,0)

* FFT with
X — ip, in x direction

y — ip, iny direction



Frequency Analysis (cont.)

Spectrum (xO0=30,)
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* There exist very strong ‘oscilation’ at 0, 2Qx, -2Qx for LER
* |t is suspected the cause is
f1110 -> 0 in vertical direction, the amplitude is proportional to (2A,)

f0210 -> 2Qx in vertical direction, the amplitude is proportional to
(2A,)

f2010 -> -2Qx in vertical direction, the amplitude is proportional to
(2A,)

All these terms may come from a skew sextupole like magnet.
H ~ 3x%y-y3



Compensation with a skesext map

A Test by inserting a map 6f=K*?y into the LERattice

A COD and oscillation amplitude in y are well suppressed as expected
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Compensation with a skegextmap
(Cont.)

» Skew-sext. map:
e to cancel the nonlinear term from solenoid
e work well at both low and high currents
e interplay of SC and lattice nonlin. also mitigated partially
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Compensation with a skegext map
(Cont.)

» Skew-sext. map:
e cause loss in DA and lifetime (to be understood)

DA and Lifetime

Touschek Lifetime: 586 sec
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¥ |
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1W1 FEFEFET - Simulation
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MIVRE LTI /A - chromaticity knob (2)
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Fringe effect in BEPCllusing SAD

K(s)=K,(s)+ k(s)
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