SYMPLECTIC EXPRESSION FOR
CHROMATICITY



[ What is symplectic expression for chromaticity? ]

This means Hamiltonian expression which use expanded

chromaticity. By using Hamiltonian, we can treat not only
symplectic beam but also resonance.
Explanation of the expanded chromaticity is in first chapter.

< Outline>

First : method of making Hamiltonian expression
Second : derivation of Hamiltonian from mesurement
Third : tracking using Hamiltonian of our model



[ Motivation

Calculated optics parameter using SAD is often different

from mesurement data. This is because many kinds of
factor cause error, so we can’t include such error exactly
in SAD.

-
< Purpose >

Make model which realize beam motion
included machine error from mesurement data.




1.Definition of Chromaticity

v=v,+50 0= P beam momentum

Linear Chromaticity

Generally, momentum change cause
transfer matrix change.

g

Twiss parameter depends on momentum.




Definition of Chromaticity

We consider storage ring like KEKB.

Beam momentum (p) is large.

» Twiss parameter ( @.8) can be also expanded by 6.

high order expantion

2
a=o,+ad+a,d +o.8

/3) = /3)0 + /51(S + /3252 + /3)363

2 3
V=V,+V0+V,0 +V,0

Q55,01 ,3,V1,5are defined as expanded chromaticity.

Synchrotron oscillation is very small.

» 0 can be treated as constant during 1 turn.



Definition of Chromaticity

How to determine the model
In general, 1 turn matrix is written by
M. = R6_><16 0)M (5)6x6R6x6 (0)
M, 0 O R(6) matrix diagonalize M.
M©®),.=| 0 M, 0 M _(cosvi +a,sinv, B;sinv,
0 0 M,

l

—y.sinv, CosV, —Q,sinv,

Since 0 does not change very mach, we assume
orbit change which come from dispersion is constant.

» Consider only betatron oscillation.

Since longitudinal direction (z) is function of time,
it is independent of other components (x,p,,y,p, ).

» After that, consider only 4x4 matrix.




Definition of Chromaticity

Symplectic Matrix

Generally, symplectic matrix is written by
M, =M,exp(-:H:5s)
Symmetrical matrix
Since 4x4 symplectic matrix,
the number of independent optics parameter is 10.

< our model >
M,,=R"(O)MG)R®)

M(6) include ay.By,Vy 0,8y ,Vy

» R(0) includes 4 independent parameter.



Definition of Chromaticity

conditions to determine R,,, (&) matrix

o4 optics parameters
eSimplify inverse R matrix
*R matrix is symplectic

R(6) matrix can be derived by these three condition.

R}, -J,RJ, ien)y o, (0, (b0
ror -1 0/ 7 lo 1

_Rz Rolz
R, = 4/1-det(R,)
We can also write r ,r,,r; and r, as expansion of 6
as well as tune and twiss parameter.

R(S) =

2 3
1, =T+ 1,0+ 1,0" + 750

r,fp,and r; are defined as R-chromaticity.



[ 2.Symplectic map of Hamiltonian ]

M, , = R(S)M(S)R(S)"'

COS U, + Oy SIN U, Py sinu, 0 0
M) —¥y SIn U, COS Uy — Oly SIN Uy 0 0
B 0 0 cosu, + o, Sin i, Py sinu,
0 0 —y, Sin U, cosu, —Q, sinu,

To apply our model to Hamiltonian expression, following gererating
function (G.cin) is defined as purtubation of Hamiltonian.

M4><4 = M(O)GXP(— : Gfunction :) Mh(&) iS dEﬁned as
= M(0)Mh(d) )

(M(0) means M(5) at 6=0)
Mh(6) is calculated by comparing their coefficients
about each 6 dimension.

» G fneiion 1S derived.

G finciion €Xpanded by &




Symplectic map of Hamiltonian

Generating Function of infinitesimal canonical transformation.

F, is generating function which canonical transformation hold symplectic.
F,(q,p.5)=q,:D; +G jiionq-P)

Upper bar means the quantitiy after beam move infinitesimal distant .

oF

K=H +§—52=H +G i 5 (5)

G /.o 1S determined by following three conditions
eLongitudinal direction (z) is independent of other conponents.
» G funeion 18 function of X,px,y,py,cs

* G ..., have 10 independent parameter.
e X,D,.Y,P,,2,0 are much smaller than 1.



[ Symplectic map of Hamiltonian ]

From these three condition, G ;... is written by

2 — —2
Gfunction = 2 (an'x + bn’xpx + Cnpx
n=1

Define A,B,...,W as following
A= Eaé B = Ebé C = Eca D= Eda E = Eean
F= Efé G= Egé”U Eué V= Evé W= Ewé”
P G, is rewritten by

= Ax’® + Bxp_+ Cﬁf

G

function

+Dxy + Exp, + Fp .y + Gp,p, + Uy2 +Vyp, + Wf)2

Y




Symplectic map of Hamiltonian

F2(q’l—?’s)= qipi +Gfuncti0n(q’l—?)

infinitesimal canonical transformation
oF 0G

X = _2=x+—fZ"“"0"=x+Bx+2C13x+Fy+G]3y
ap. ap.
F, oG,
p,=L2op, + Lmein 5 2Ax+Bp, +Dy+Ep,
ax 0x
F, oG .. .
y = ofy y+M=y+Vy+2Wﬁy+Ex+Gﬁx
apy op,
T = p 42Uy +Vp_ +Dx+Fp
p,= ay =P, oy p,+2Uy+Vp, P,
» X,Y,P.-D, is derived [~ \
]
» Mh(d) is derived theorically
oG, . .
Z=Z+%=Z+E(anx2+bnxﬁx+cnﬁi \pJ/
n=1

+d,xy +e,xp, + f,D.y+8,P.D, +u,y’ +v,yp, +w, p.)nd""
5=5

= Mh(0)

q;

\P ;)



Symplectic map of Hamiltonian

matrix elements of theorical Mh(d)

Mhll=1+B +2C-Mh21+G-Mh41

-FG+2C(1+V)

1+B—-EF+V +BV
Mh13=2C -Mh23 + F +G -Mh43

-2 CE+G +BG

Mh12 =

Mhl14 =
1+B-EF+V +BV
Mho1 DE-2A(1+V)
1+B-EF+V +BV
Mh22 = I+V
1+B-EF+V +BV
Mh23 < — D-2FU + DV
1+B—-EF+V +BV
Mh?24 = — £

1+B-FEF+V +BV

Mh31=2W -Mh4l+ E+G-Mh21

G+GV =-2FW

1+B-EF+V +BV
Mh33=1+V +2W - -Mh43 +G-Mh?23

Mh32 =

Mh3d — -EG+2(1+b)W
1+B-EF+V +BV
Mhal<— D +BD -2AF
1+B-EF+V +BV
Mh4?2 = - ul
1+B-EF+V +BV
Mh43 = DF -2(1+B)U
1+B-EF+V +BV
Mh44 = 1+5B

1+B-EF+V +BV



3.How to calculate Hamiltonian

Using off-momentum measurement data, momentum
depencence of «,B,v,r are derived. Then, use 6 as horizontal
axis, plot these data and fit them. The fitting data is chromaticity.

-

Then, M, , = R()M (6)R(6)™" is calculated numerically.
Using the relationshipto M, , =M (0)Mh(0) ,
Mh(S)=M(0)"'R)M (S)R(S)™ is derived numerically.

If this model succeed,

-

The research which suits the accelerator becomes possible,
since this model includes machine error.




How to calculate Hamiltonian

Figure fitted up to 3" order

2 3
V.=V, +V,0+V,,0"+V 0
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ISAD xyf-couplling

SAD xy-coupling :
This means design optics with xy-coupling which make about
1% ratio of vertical and horizontal emittance.
This is because measrement emittance raito of them is 1%.



How to calculate Hamiltonian

Meas.

(vx
vy

445
416

SAD
(vx) (44.5) (0.126)5
= + +
vy| \41.6) | 1.29
SAD xy

wx\ (445) (0.892\ (-627\ , (441x10*
vy \41.6) | 1.84 749 1.45x%10°

(sl

—126) , (
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a,'s and B,'s shapes of difference between measurement and SAD is large.

oX (x1 0'3)

Bx (x1 0'3)
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| don’t know why o, and B, are so large, but off momentun
mesurement range cause such problem.
This is because previous off momentum mesurement data
which was measured in larger range than measurement
at this time don’t have such problem.

Meas.

ox

Px

-0411
0.924
-0.136
0.00621

1.7x107°
0.9
~8.88x107°
0.0059

-0.0766
1
—-0.00565
0.00602

18 -4.4x10* 231x10’
—99.8 5240 8.19x 10’
5 + 52+ U B
340 ~5250 ~2.14x10
~0.843 -31.8 6.9%10°
~-16.9 —243%x10* ~1.22%x10°
~27.1 -2.06x%x10* 6.76x10°
+ O + 8 5 + 8 ] 5°
-9.01 -5207 1.03x10
0.0682 60 9240
27.9 ~-6.68x10* 6.61x10°
483 —4707 ~5.65x10°
5+ 52 + s
-3.8 —6224 1.05%x10
0.0812 61.1 7915



[How to calculate Hamiltonian ]
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Meas.

rl
r2
r3
r4

SAD
rl

r2
r3
r4

SAD xy

rl
r2
r3
r4

How to calculate Hamiltonian

0.00136
0.002
—-0.198
-0.114

1.44x107°

~5.66%x 107
2.84%x107°
—0.00015

5.55%x107°

337x10°°
0.000817
0.00126

0.0495 -99.5 -394 x10*
0.019 ~-182 ~1.95%10*
5 + 52 + s
45.7 7860 ~1.09x 10’
~-114 4440 ~1.52x10’
02 ~0.894 1578
0.342 R -6.41 |, -601
+
38.8 ~3469 -6.34x10°
~134 4156 23x%10°
0.82 24 6.55%10*
0.275 -235 6.4 x10*
O + , 07+ ;
864 ~591x10 -95%10
843 ~1.74 x 10* ~8.18x10°




Numerical Mh(d)

. 0 0 O 0285 -4.14 -9.47 -0.106
L L 10 1. 0 0 -206 -0.285 535 -0.428
Mh(©S)=M(O0)"'RSMBO)R®) = +

0 0 1. 0| | 00428 -0.110 196 0.572

0 0 0 1 53.5 947  123x10*  -196
-3.87x10° -139x10° -293x10* 65.8 146x10°  8.30x10° 337x107 -3.68x10°
N -4.86x10°  3.94x10° -6.73x10° -1.64 2, 142x10° -1.42x10° -408x10"  2.48x10’
118 48.6 5.39x 10" 19.3 -229x10°  -346x10° -127x10° -1.49x10°
-121x10*  259x10* -937x10° -8.63x10° -447x107  -3.77x107 -1.05x10"°  1.34x10°

Comparing their
coefficients about
each 6 dimension,

we can derive

Gfunc‘tion'

Theorical Mh(6)

Mhll=1+B +2C-Mh21+G-Mh41
-FG+2C(1+V)

1+B-EF+V +BV
Mh13=2C -Mh23+ F +G-Mh43

-2 CE+G +BG

Mh12 = Mh32 =

Mhl14 = Mh34 =
1+B-EF+V +BV
Mh21=—PE=240+V) Mh41=—
1+B-FEF+V +BV
Mh22 = 1+V Mhd2 = —
1+B-EF+V +BV
Mh23 = P=2EU+DV Mh43 =
1+B-EF+V +BV
Mh24 = — £ Mhd4 =

1+B-FEF+V +BV

Mh31=2W -Mh41+ E+G-Mh21

G+GV =-2FW
1+B-EF+V +BV

Mh33=1+V +2W -Mh43 +G-Mh?23

-EG +2(1+b)W
1+B-EF+V +BV
D + BD -2AF
1+B-EF+V +BV
F
1+B-EF+V +BV

DF -2(1+B)U

1+B-EF+V +BV
1+B

1+B-EF+V +BV

3



How to calculate Hamiltonian

2 — —2
Gfunction = 2 (anx + bn'xpx + Cnpx

n=1

+d,xy+e,xp, +f,D.y+8,P. D, +u,y’ +v,yp, +w,p;)d"

SAD

meas.
/al -10.1

b, =0.285
c, =—-2.07
d,=-53.5
e, =0.428
fi=-947
g, =—0.106
u, =—6140
v, =196

kwl - 0.286

a, =2.10

b, =-131
c, =-0.984
d =-22.1
e, =0.176
fi=655

g, =-0.386
u, =502

v, =-8.78
w, =0.0303

weans O\

SAD-xy
b, =2.62

c, =0.651
d, =-177
e, =3.07
f,=-80.5
g, =344

u, =539

v, ==7.04
w, =0.0501

/




How to calculate Hamiltonian

2 — —2
Gfunction = 2 (anx + bn'xpx + Cnpx

n=1

+d,xy+e,xp, +f,D.y+8,P. D, +u,y’ +v,yp, +w,p;)d"

SAD

meas.
/ a, = 2420
b, =-3950
c, =—-096
d,=1450
e, =855
f,=-27700
g,=43.2

u,=348x10°

v, = 46900
k w, =65.6

a,=1160
b, =-2100
c, =—1230
d,=5T]1
e,=—11.2
f,=-1070
g,=4.30

u, =229000
v, =-6360
w,=25.1

SAD-xy
a, =264 —\

b, =-3390
c, =—1320
d,=9210
e, =—152
f, =-31000
g,=-58.0
u, =228000
v, =-7120

w, =26.1 /




How to calculate Hamiltonian

2 — —2
Gfunction = 2 (anx + bn'xpx + Cnpx

n=1

+d,xy+e,xp, +f,D.y+8,P. D, +u,y’ +v,yp, +w,p;)d"

meas. SAD SAD-xy
ﬂ3 =-7.13x10° a, =—12600 a, =50700—\

b,=1.40x10° b, =-127000 b, =-94800
c,=4.16x10° c, =-49800 c, =-138000
d, =440x10’ d, = 212000 d,=1.88x10°
e, =-229000 e; =-955 e, =-2240
f,=322x10’ J3=-332000 fy=4.16x10°
g, =-361000 §; =840 g, =-3600
1, =5.88x10° u, =-2.83x10" 4, =-231x10’
=-66800 v, =902

v, =-123x10° Vs
kw — ~59200 wy =5390 w, = 4820 /
3




4.Synchro-beta resonance due to chromaticities

® one turn map

Beam-beam (weak-strong) + Chromaticity +
Linear 1 turn transformation +radiaton damping and quantum diffusion

(dispersion isn’t included in the traching)

e one turn matrix

M =M M Linear M chrom. M beam—beam

1turn radiaton




[ Synchro-beta resonance }

Using Ohmi-san’s program, simulated by D.M.Zhou

Basic parameters (KEKB)

| Weakbeam | Strong beam

44 51-44.71 44 515
/41.58-41.64 /41.606
/0.024 /0.024

Bx/By/Bz (m) 0.9/0.006/10.0 0.9/0.006/10.0

ex/ey 1.8E-8/1.8E-10 1.8E-8/1.8E-10
£z /4 .8E-6 /4 8E-6

Damping rate 2.5E-4/2.5E-4 2.5E-4/2.5E-4
(x/y/z) /5.0E-4 /5.0E-4

Number of 10.0E10 4 37E10
particles




[ Synchro-beta resonance ] difference between left and right fig. is y range.

SAD-data (beam-beam effect switched off) [ EEEN -y

comparison hor. with ver. at only first ~ greenisver. emit.
order chromaticities added in tracking hor. axis is Nux
50 T T T

40 F f‘ Emitx/Enitxd) H l ‘ ‘ émitxiEmitxO

§
0f | P— %: | Euity/Enity) :
mity/Emityl) —— P [ Emity/Emityd) ——
20F i “ | 4 Y | 7 i J = 4 l';| ]
1
0

10 B ,“ ‘\,‘ J ‘\‘

S SRS e, S — sl RIS -~y XM= Nl S e =t 1) LN

44,5 44,50 44,6 44,65 44,7 44,5 44,55 44,6 44,85 44,7

50 T T T T §

40 F | | Enitx/Enitx) — 4 4}

0F ’ Emity/Emity) —— g [
1
0

H . Dol EnityEnity) ——
‘ / \ ‘ \ I h

I s R e 1
o S e A e e SRR T e e e e s, e
. \/

20 F I 1

I I “ \‘ “ []‘I Enitx/Enit) —
10k -“\ ]\“‘ _“\‘ ‘\\.

44,5 44,50 44,8 44,60 44,7 44,5 44,55 44,6 44,60 44,7

50 . r T r
40 F f\ \ Emitx/Enitx0 ]

0t I Enity/Enity) —— 1
0k H |‘ M1TY/EMITY ]

H | ‘H J “I Emitx/Emitx) — |
[ [ Enity/Emityd —— 1

44,5 44,55 44,8 44,85 44,7 44,5 44,55 44,8 44,89 44,7
50

L) T T L] 5 T L) T T
40 p ' | Enitx/Emitx) —— 4} “\ \l‘ | \‘ Enits/Enitx) ——
gg ‘\‘ Enity/Emity) —— g ] \\‘ ““l h\“ Enity/Enity) ——
10 - ) ‘I\[ ‘|“ “I‘ ‘|“ L 1 5 :‘_‘_':_'_AL-.:-_'_:_. __I-—;_—_—_,...,;-;___—;—"“ _——__‘_‘I_L___" - |
_ i ) . .

| T 2 = T v

44,5 44,55 44,6 44,65 4.7 44,5 44,50 44,6 44,60 44,7

v.-v,+kv =N KkEZ v =415841.60,416241.64



)

Synchro-beta resonance ] difference between left and right fig. is y range.
red is 15t emit.
green is 2nd

different set of chromaticities blue is 3™
hor. axis is Nux

SAD-data (beam-beam effect switched off)

50 T T T T 5 T T T 1
40 | st arder chrgm, — 1st+2nd+3rd0!order chran, 4 4t 1st order chrom, — lst+2nd+3r§j % der chrom,
0 1st+2nd arder chrpm, —— 131 1st+2nd order roﬁ S } |
% b | ! { 24 ’| . o AR ] |
10 e ﬂ I|||| | r 1 3 J 3 o --—..fn.,--ﬂ-"‘r) h:'h'--\.-l‘)?‘gﬂ_,____d
0 1 I _-n". \ 2 - " 3 0 1 L L 1
44,5 44,55 44,6 44,65 44,7 44,5 44,55 44,6 44,65 44,7
50 T L} T T 5 L} T T
40 1st order chrom, —— 1sg+2nd+3rd order chran, 4F 15 older* chrom, —— Jst¥Pnd+3rd order chrom, —— 1
0 it A 1st+2nh oer chron, —— ’
20F 2F . !
10 f i A A
0 U 1 1 1 1
44,5 44,55 44,6 44,65 44,7 44,5 44,55 44,6 44,65 44,7
50 T T T T 5 T I T ] 1 T
40 F Lst order chrom, Lst+2nd+3rd order chrom, —— 4 4} '| Lst order chrom | Lst+2nd+3rd order chrom, —— -
0r st+2nd order chrom, 11 t+2nd order chro, 1
20F 2 f ll__ \\— \ |
10 B |ll gl 1 ,.slk\-ﬂ-" ’ I._\_
0 S ) A 3 M “=_ Y ) 0 ) ) ) )
44,5 44,55 44,6 44,65 44,7 44,5 44,55 44,6 44,85 44,7
50 L} L} T 5 L} L} T
40 F Lst ordey chrom, —— lst+2nd+3rd order chrom, 4 1t DierJ chrom, —— 1st+2nd+3rd order chrom, —— -
gg [ 1st+2nd orddt chrom, —— | g [ Lst+2nd opiderighron, —— |
0 .h I 1 1 U 1 1 1 1
44,5 44,6 44,65 44,7 44,5 44,55 44,6 44,65 44,7

v.-v +kv.=N kEZ v =4158,41.60,41.62,41.64



[ Synchro-beta resonance ]

SADxy-data (beam-beam effect switched off)

comparison hor. with ver. at only first
order chromatlcmes added in tracking

difference between left and right fig. is y range.

red is hor. emit.
green is ver. emit.
hor. axis is Nux

]

| 4
ﬂ' Erqultg/Emth — g I

1

0

T T T ! T

Enit/Enit)
Enity/Enityd ==—
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EnitiEnity) —— ]

44,7

e S S
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5
4
Emity/Emity) —— 7 ; [
1
0

"x_ Enitx/Emity) —— -
o~ e Enity/Enity —— 1

PR —— RIS S SR

44,7

44,7

Enitx/Enitxd ]

]

4
Enity/Enity) —— T g :

1

0

Emitx/Emitx0 ;
M Em1tufEm1tyO —

—

44,55 44,6

V,=V, kv

44,69

44,7

=N k&Z

Vy

44,50 44,6 44,85

=41.58,41.60,41.62,41.64



[ Synchro-beta resonance ] difference between left and right fig. is y range.

red is 15t emit.
green is 2nd

different set of chromaticities blue is 3™
hor. axis is Nux

“ order‘ chrom, —— 1st+2nd+3rd arder chro
| A\ 4e2nd order chron, ——

44,55 44,6 44,60 44,7

SADxy-data (beam-beam effect switched off)

44,5 44,55

f 1st order chrom, —— 1st+2nd+3rd o&er chrom, ——
1st+2nd order chrom, — Mo |

Lst fokder chrom, —

b

44,55 44,6 44,60 44,7

L‘l \l\ J 1st order chrom, — 18t+iq5;3rd arder chrom, —— s
J | 1st+2nd order chrom, —— w&ww

44,5 . 44,6 . 44,7 44,59 44,6 44,65 44,7

RN

¥ !
1 IM ‘I 1st order chrom, —K 1st+2nd+3rd order chrom, ——

1st+2nd order chrom,
w

L L L L

el e e AU I S )
T T T
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[ Synchro-beta resonance ] difference between left and right fig. is y range.
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[ Synchro-beta resonance ]

difference betwee

)

meas.-data (beam-beam effect switched off)

different set of chromaticities

n left and right fig. is y range.
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Synchro-beta resonance ]

Simulations agree with experimental tune scan of beam size
except the resonance of xy coupling
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[ ] (no significant emittance growth or Luminosity
Synchro-beta resonance decrease from 2nd and 3rd chromaticity.)

SAD-data (beam-beam effect included)
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[ ] (no significant emittance growth or Luminosity
Synchro-beta resonance decrease from 2nd and 3rd chromaticity.)

SADxy-data (beam-beam effect included)
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beam-beam tracking

without chromaticities
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Summary for this simulation
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pink is BB + meas. only 15t chrom.




v, =41.62

0,0025 T
0,002 F | B—
i BB+Chrom, 1 ——
' \BB+Ehrom. 2 —
o J b
0,001 /’ | Experinent ——
0,005 | e i LJ
0 1 1 1
44,59 44,6 44,69 44,7
4e-05 T T T T
3,5e-05 p BE — 1
305 b —
2 5ot | / BB+Chron, 1 |
2e-05 p N " B+Chram, & —
l,Ee-gg - ol P Y _ﬂ__,./ " Experinent —— 1
g r e e, N
O D o D Y .
0 8 1 1 1
44,55 44,6 44,85 44,7
2.58‘*31 T T T T T
e} R WA=
e *:::;._* EB+Chram, 1 ——
B BB+Chron, 2 —
let3L L o Experinent —— ]
— !-_“‘q___ —_——. '/f \- // -
0 1 1 N e~ 1

44,50 44,6 44,60 44,7

v, =41.64

0,0025 T
0,002 | ]
I |BB+Ehrom. 1—
d |BB+Chrom, 2 —
0,001 / {\:"II Experinent ——
0,005 —4 "\ -
.-r":'\.-i:::-_ :M k‘!}h—_——-l—'
44,6 44,65 44,7
5e-05 T T
%e-gg i /1 BB — 1
a2l fxf BB+Chrom, 1 —— |
Eezgg - ; BB+Chram, 2 —
3:-05 i L H..--’*' Experinent ——
2e-05 | P N ]
- ____—j_,—i‘b:i":___ i;;—\b::q.::
et I ; :
44,6 44,65 44,7
2,5e+3] T T
26431 e ]
4 e BB+Chrom, 1 —
+31 F 1
e BB+Chrom, 2 —
lesdl | Experinent —— 1
Ges30 e | P, S,
-_1-_'“—*"__:::\:?—? &"! Jia -
44,6 44,65 44,7

Hor. Beam size (up), Vertical Beam size (middle), and Luminosity (down) at different
settings of chromaticities (meas. : only first order chromaticities added in tracking)

red is only beam-beam effect (BB) included

blue is BB + SADxy chrom.

green is BB + SAD chrom.

pink is BB + meas. only 1%t chrom.



Summary

e SAD and SAD-xy data : no significant emittance
growth or Luminosity decrease from 2nd and 3rd

chromaticity.
e experimental data : beam very unstable when

tracking with 2nd or 3rd chromaticity. Measured
chromaticity too large?

e Luminosity is sensitive to vertical beam size

e beam-beam interactions dominate the dynamics,
it is hard to characterize the effect of chromaticity

from beam-beam collisions.



Future work

e off momentum measurement over large range
as much as possible.

e confirm whether beam tracking simulation
using this Hamiltonian is valid or not.
(Using simulation on scanning dax,y/dé,dBX,y/dG,o
and Luminosity, compare with
beam turning experiments.)

X,y’

e strong-strong simulation with chromaticity

e calculate Hamiltonian used new model
which includes despersion.
(We have already succeeded in including despersion
in our model mathematically)



