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What limits injection etficiency?

O Dynamic aperture of HER
[0 Beam-beam effects and collimators

O Injection angle and offset

[0 Beta mismatch between BT and Rings
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0 Dynamic aperture of H!

HR: track 6000 turns(a damping time)

* design momentum = 7.00 GeV
* Py =60mm,B, =1mm,CW = 40%
* Nx =45531, Ny =43.581

& = 446 nm, &, = 33.89 pm
bunch length = 5.05 mm
ef fective voltage = 14.2 MV

Without beam-beam

—e— dp/p=—0.5%
—m— dp/p=0
—o— dp/p=0.5%

Coupling=0.01

H/V: 240, /85 0,

With full beam-beam

—ea— dp/p=-0.5%
—=— dp/p=0
—o— dp/p=0.5%

Coupling=0.01

H/V: 100, /85 o),

¢ Lattice files SuperKEKB International Task Force Subgroup - KDS (Indico) -- Updated in August 2021
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https://kds.kek.jp/category/2242/

0 Dynamic aperture required for injection

of

001

002

E-Ci}
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v
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D051

[a— FSe {-
B 430‘5 f-p Urn F )

Center of beam duct

Parameter HER Unit

p— Bxr 100 m

' Exr 4.46 nm

)3 Duct inner wall ,Bxi 25.0 m

QI4E ' Exi 7.3 nm

Partition wall of
N inj. channel BPM Ws 6.0 mm
(2mm*assumed) Ax 9.62 mm
PPN FUPIE FOUIN VRN TIwe PODus v roow

z [m] Ax' -0.76 mrad

The distance between the injected beam and stored beam at the injection point:

Ax = wg + n;o; + ngog

= Ws + ni\/.Bxigxi + (DxiGSi)z + nr\/.BngxR + (DxRU8R)2

= 6.0+ 3x%x0.427 + 3.5 X 0.668 =9.62mm

The dynamic aperture required:

DAyequirea = Ax +n;0; = 9.62 + 1.281 = 10.901mm = 16. 505




What limits injection etficiency?

O Dynamic aperture of HER

[0 Beam-beam effects and collimators

O Injection angle and offset
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[0 Beam-beam effect

» Define the BEAMBEAM element (full beam-beam ) and add it at the IP in the lattice sequence.

BEAMBEAM FEMBEME =(BX =.032 BY =.00027 XANGLE =.0415
EMITX =3.2e-0% EMITY =§.64e-12 DP =.00081
SIGZ =.006 SLICE =100 NF =95.04e+l1l0 STUEN =10 )

(IP FEMBME FHBBEE FVBBEE ESLEQD ECSLES ESLE1O
ECSLEL1S ESLEZ0 ECSLEZS ESLE30 ECSLE3S ESLE40 ECSLE45
ESLESO ECSLESS ESLE&O ECSLE&S ESLETO ECSLETS ESLESO

ECS5LES&S ESLESO ECSLE&%5 ESLE100 ECSLE105 ESLE110 ECSLE11S

BX: Sy EMITX: &, XANGLE: crossing angle NP: particle number for each bunch
BY: By EMITY: &, SIGZ: bunch length DP: energy spread

STURN: how many turns do you output information

> Check whether the beam-beam element works:

APx(10e-4)

15
(-20,1.1345)

20 40 60 80

APy(10e-4)

-100 -80 -60 -40 -20

100

Ax(unit of rms beam size) Ay(unit of rms beam size)




O Injection efficiency related to beam-beam and collimator

» The efficiency here is defined as the proportion of the beam surviving after serval turns.
» Track 10000 particles 600 turns(6ms) with beam-beam or (and) collimators.

AFERT AQCILC
ROCI1LO
ROC2LC
DOC2T.O
FMDO1HS
FMDO1H4
FMDO1H3
FMDO1W1
EFMDO1HZ2
EMDO1H1
EMD12W4
FMD12H4
EMD12WV3
FMD12H3
FMD12H2
EMD12WV2
FMD12H1
EMD12W1
EMDOSW4
FMDOSH4
EMDOSWV3
EMDOSH3
FMDOSH2
FMDOSH1
BMDOSWV2
EMDOSW1
ROC2RO
ROC2RC
ROCI1RO
ROCI1RC

L (A
i B e T R B i Y

015
015
. 035
. 035

L00541
.01458
L0087S
L1045
L1045
045
L1045
.01542
045
01000
L0037T7
045
.0120&
L1045
045
L0556
L1045
L00852
.01585
.01108
L1045
L1045

. 035
. 035
015
015

AY =.015% DX
AY =.015 DX
AY=.035 DX
AY =.035 DX
AY =0.045 )
AY =0.045 )
AY =0.045 )
ALY =0.00172
AY =0.045 )
AY =0.045 )
AY =0.00173
AY =0.045 )
AY =0.00215
AY =0.045 )
AY =0.045 )
ALY =0.00218
LY =0.045 )

AY =0.00380
AY =0.0032%

AY =0.045 )
AY =0.00140
AY =0.045 )
AY =0.045 )
LY =0.045 )

AY =0.00304
AY =0.00169

AY
AY
LY
oY

035
035
LO1l5
.015

DX
DX
DX
DX

L aooT
Q007
Q007
L0007

LQ0a7
Q007
Q007
L0007

injection efficiency

1
0.
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

0

Ax=10.5mm,Ax'=-0.84mrad

—

0 100

———

——————

1

e 0.94

__———h-n--‘h-n-____“_‘__“h‘-‘-‘- 0.916
0.744

200

collimator, no bb

300 400

number of turns

collimator, w bb

500

no collimator, no bb

no collimator, w bb

600

» When add the full beam-beam into the simulation, the injection efficiency is reduced to 91%, and then add
the collimators also, the injection efficiency is further reduced to 74%.



® Output the Loss position

. Nloss Nloss Nloss
D31 s(m) APTER defimition (bb.no collimator) | (bb.collimator) (no bb.collimator)
- powvi/ | 61.743688 PMDOIV1 PMDOIVI =(AX =004 AY=0.00178) . 1901 -
012 D124 D01H3 ! 393960142 PMD12V4 PMDI2VA=(AX =0.043 AV =000173) . 10 .
i TSUKUBA I35 PMDIID PRDLIEG —(AX 001000 AY 0055
Di2y3 i = I 105)) - m T
D12H3 : ) 518518388  PMDI2E2 PMDI12H2 =(AX =0.00877 AY=0.043) . 713 213
.‘Df%.f,?? | A 954031444  PMDOSHY PMDOSH4 =(AX =0.00886 AY=0.045) . 7 3
@ D12H1 : \ 3014.71469 AQCIRO  AQCIRO =(AX=015 AY=015 DX=.0007) 640
I,lnll‘-'l SuperKEKB Main Ring | 3014.90468 AQCIRC  AQCIRC ={AX =015 AY=015 DX=-0007) 76
' \ 1.410001 AQCILC  AQCILC =(AX=015 AY=015 DX=0007) 52
D11 | bos 1.600001 AQCILO | AQCILO <(AX=015 AY=015 DX=0007) 4
: 2 PMDO1V1: f,= 40.128m e,= 4435nm o, = /Bre, = 0.422mm
| S e T T B T T - By=46.460m o, = /By, = /B, * 0.01* €, = 0.045mm
= @ : Horizontal Collimator, KEKB HER{S0x104) type § AY = 1.78mm = 39.50,
B : Vertical Collimator, KEKB HER[50x104) type E =
] E_D'm ® : Horizontal Collimator, SuperKEKS LER{f30x220) type NN PMD12H3: f,=39.731m  e,=4435nm o, = |/fre, = 0.42mm
D10 DIZIEIH-L B : Vertical Collimator, SuperKEKB LER{f90x220) type | DOS By="7.703ma, = /By€, = /By * 0.01+ €, = 0.018mm
DOgH3 @ : Horizantal Collimator, SuperKEKE LER{S0) type / AX =10mm = 23.80,
) @ : Horizontal Collimator, SuperkEKE HER[TBOx220) type _-"
poans, _ ] / PMD12H2: B,= 39.728m e,= 4.435nm o, = /Bre, = 0.42mm
I : Vertical Collimator, SuperKEKE HER(f80x220) type /
Dﬂ'-"'-'il N — / By=8447ma, = [B,e, = /B, * 0.01 €, = 0.019mm
ooav Ful Vi AX = 8.77mm = 20.80,
i F
1
1 PMDO9H4: B,= 39.728m €,=4.435nm o, = ./f€, = 0.42mm
1
| By="7.703ma, = [Byey, = /By * 0.01+ €, = 0.018mm
: AX = 8.86mm = 210,
Do8 ARES ) D07

» Although the collimators will reduce the injection efficiency, it can protect the collision area.

» It shows that the beam-beam effect has a great influence on the vertical direction. o



® Beam distribution in the phase space

I also output the phase space distribution of particles at the injection point after 600 turns.
The distribution of particles in y — p, phase space with full beam-beam is widened by an order of magnitude.

°
°
B ¢
. 0.0002 0.003
00010
0.0001 -
. 9
Without bb -oos 00w 0008 j‘\““ oo ood oo oomr - oor o0l -om 0.02"
-0.0005 - [ ]
-0.0001 |
-
-0.0010 -
_0.0002L -0.003
px
00040
*
-0.005 0.005 0.010 0.015

I
-0.010

Withbb | ..

-0.0010
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OInjection efficiency and injection angle

» Track 10000 particles 600 turns with beam-beam, with collimators, optic matched, with same Ax and different Ax'.

09
0.8
0.7
0.6
05
0.4
03
02
01

injection efficiency

Ax=10.5mm
0.744 -0.84mrad
0.697 -0.85mrad
0.631 —-0.82mrad
0.529
= -0.79mrad
0.423
-0.78mrad
—-0.9mrad
= -0.70mrad
100 200 300 400 500 600
nturn

injection efficiency

Ax=10.5mm

(-0.84, 0,744)

(-0.79,0.631)

(-0.97,0) (-0.71,0)

0.9

0.8

0.7

0.6

05

0.4

0.3

02

0.1

-1.4

-1.2 -1 -0.8 -0.6 -0.4 -0.2

Ax'(mrad)

» When the offset is given, the injection efficiency is very sensitive to the Ax’.

» For each Ax, we can find an optimum Ax’ to make the injection efficiency the highest.
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® Reason why injection efficiency is vety sensitive to Ax’

» When the offset is given and set different Ax’, the amplitude of the residual oscillation of the injected beam is different.

» To achieve high injection efficiency, should minimize the residual oscillation of the injection beam.

-0.02

_091 Oﬁ 0.;]2

R 'fﬁ&m m ,@ 2
6

-0.02 |

Ax = 10.5mm, Ax' = —0.84mrad
Residual oscillation amplitude: 10.5mm

px{m]
0.02
7 9 11
T o
> r*' 0 01@'-‘"" - ~ Inj.
':‘.:--, : ) \T*‘

X[m] R B 2T N 1"‘_},2. —
002 . -001 001 002
}:‘,}_ . . N
1 - .\‘. - . I;@ .

GL ORI B .
e e 5
-][P.OZ - 8

Ax = 10.5mm, Ax' = —0.75mrad
Residual oscillation amplitude: 13.0mm

gx[m]
1 el 5
;\._J@,j;__"U.ﬁ?-*i“flgi\j?- X7 e .
£ S8 il et Y
12 iy
0.01F % p
10 & 3
]
X [m] ) e L . - ) X [m]
002 ;. -001 001 : 002
8.4
ik -0.01F P |
2 _;,\:‘_,.' N
'1:‘)'(.&.:- L . . N e," 5
6"~ ’7'"‘?'."'-?0?51-25 ,‘x,;?“; : Inj.
4 g

Ax = 10.5mm, Ax' = —1.0mrad
Residual oscillation amplitude: 16mm
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® Theoretical calculation of the optimal Ax’

» At a certain observation point, the phase ellipses of different particles have the same shape and different sizes.

» When with same Ax and different Ax’, the phase ellipses have same shape and different size, and the smallest one tangent to

this line x= Ax.

For example:

BX = Jo.3mm, Ix= 19554, Px = foom

gz — 2% _ X
] . B« — oX
0 N , ' ,
\\X' omima - OXipam = — 6K
T _ -9y
a, = — o3 x oo miad
slope = _3_ -
x = =0 f—l-)nmJ
AXppyimar = Ax - tan@ = — Ax% —> The theoretical value is consistent with the simulated value.
X
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O Injection efficiency and injection offset

» Track 10000 particles 600 turns with beam-beam, with collimators, optic matched, with different Ax (match an optimum Ax")

0.728

o
2
=
Q
2 0.563
= 0.516
5 0.498
E 04 —e—gi=4.46nm
= 03 —0—ci=4.8nm

gl =5.3nm

0.2

—8—¢ci =6.3nm
0.1
——:i=7.3nm

7 7.5 8 85 9 9.5 10 10.5 11

Ax (mm)

» The injection efficiency decreases with offset.

» Only when the emittance of the injected beam is reduced to almost the same as that of the ring can the injection
efficiency be greatly improved.
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[0 Beta mismatch between BT and Rings




[0 Beta mismatch and BMAG v

» If the injected beam is not matched to the design lattice, the effective emittance of

the injected beam becomes larger and may induce beam loss.

» Beta mismatch usually results in emittance growth, characterized by BMAG.

2
1|8 B a, «
m e b m
BMAG = =|—+—+ B | =— — =
2 ﬁe Bm ﬁb .Bm
¢
Vg)final Epurple (V€) finai
- = BMAG :> ~ornal _ pMAG +BMAG? — 1
(V&) initial €orange (V) imitial
0.00015 F" ; ' ; = 0.00015F ; ' l ' =
! stored beam | stored beam |
0.00010 - — injected beam - 0.00010 [ — injected beam
: — Bmag=260 | — Bmag=2.60
0.00005 0.00005 - ]
g DCDUUO:— - E 0.00000 B
~0.00005 | . ~0.00005 [ ]
-0.00010 ~0.00010 ]
-0.00015 |, - i ; , . woo00t5f ]
-0.002 -0.001 0.000 0.001 0.00z -0.002 —0.001 0.000 0.001 0.002
x(m) x(m)

* The Introduction of Trajectory Osciliations to Reduce Emittance Growth in the SLC LINAC(J.T.Seeman,1992)



O Injection efficiency and beta mismatch

» Track 10000 particles 600 turns with beam-beam, with collimators, with optimum Ax’, with beta mismatch.

—— BMAGx-eff —— BMAGy-eff BMAG-eff

0.9
0.8

0.7
0.6
0.5

0.4 0.4
03 0.3
0.2 0.2
0.1 01

0.9
0.8
0.7
0.6
0.5

injection efficiency
injection efficiency

BMAG BMAG
* The influence of beta mismatch on the injection efficiency can be characterized by BMAG.

When Bmag changes in a small range, the injection efficiency changes little. And when Bmag is larger than 5,
the injection efficiency will decrease with BMAG.

* Since BMAG has little influence on the injection efficiency, how to choose the beta function of the injected
beam, which is related to the injection aperture.

18



O Injection aperture

» When the rotation angle of injected ellipse is 90 °, the injection aperture required i1s the smallest, which just
corresponds to the case where BMAG takes the minimum value when f; is a fixed value.

» There are many optimal combinations of §; and a; make the rotation angle be 90 °, but the shape is
different, and the injection aperture required is also different.

» When the injected beam is matched, the aperture required is the largest, not the smallest, so maybe this is
the reason why the BAMG of SuperKEKB is large.

00006 F I I ‘ I I I I ‘ ‘ I I I I ‘ I I I I ‘ ‘ I "] 00006 ‘ I ‘ I I I I I I ‘ ‘ I ‘ I I I I I — StOred beam
‘ I —— Bi=100m, ci=7.9254
t ~—— Bmag=1(31.0)
0.0004 - . 0.0004 |- .
| — Bi=65m,ai=5.15
‘ | —— stored beam I — Bmag=1.09(29.0)
0.0002 - 71— Ai=25m 0.0002 - 1 — Bi=60m,ai=4.75
I | — Bmag=2.13(27) | — Bmag=1.13(28.6)
=) I 1 — Bi=30m = gz _
£ 0.0000F £ 0.0000f i i=45m, ai=3.57
g - { = Bmag=2.08(29) g Bmag=134(27.7)
I | — pfi=15m 1 — [i=35m,ai=2.76
-0‘00027— | — Bmag=5.49(34) -0.0002 I — Bmag=1.60(27.0)
- Bi=60m _ _ — Bi=30m,ai=2.38
~0.0004 | Bmag=7.55¢42) ~0.0004 - { — Bmag=182(26.5)
I i — Bi=25m,ai=1.98
- ] . 1 | — Bmag=213(26.2)
-0.0006, , , . , , P BTN TR S S B -0.0006, , , , , - - L TR L L1
-0.0006 -0.0004 -0.0002 0.0000 0.0002 0.0004 0.0006 -0.0006 -0.0004 -0.0002 0.0000 0.0002 0.0004 0.0006
x(m) x(m)
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O Injection aperture

» The smallest injection aperture required is decided by the w, and ¢; , that is related to Ax.

0.0006

0.0004

0.0002

0.0000

prirad)

-0.0002 |-

-0.0004

-0.0006 \ \ .

—— stored beam

—— Bi=100m,ai=7.9254
| ~—— Bmag=1(11.0)

— [i=65m, ai=5.15
—— Bmag=1.09(10.0)

— Bi=60m, ai=4.75
— Bmag=1.13(9.7)

Bi=45m, ai=3.57
Bmag=1.34(9.1)

— [Bi=35m ai=2 76
— Bmag=160(9.2)
— Bi=30m,ai=2.38
—— Bmag=1.82(9.3)
— [i=25m,ai=1.98
qd — Bmag=2.13(9.8)

1
-0.0006 -0.0004 -0.0002 0.0000 0.0002

xi{m)

Ax =0.15mm

0.0006

px(rad}

pooogF~ -~ -~~~ T T T e

0.0004:—
U.UDUZ:—
O.UDUO:—
-0.0002 —

-0.0004 -

-0.0006 [, | 1 | L

—— Bi=100m ai=7 9254
—— Bmag=1(74.0)
- —— stored beam
— [i=65m,ai=5.15
— Bmag=1.09(71.0)
— [i=60m ai=4.75
— Bmag=1.13(70.0)
T pi=45m ai=3 57
Bmag=1.34(68.5)
— [i=35m,ai=2.76
— Bmag=1.60(67.0)
— Bi=30m,ai=2.38
— Bmag=1.82(66.5)

— Bi=25m,ci=1.98

4 ||—_Bmag=2.13(66.0)

1
-0.0006 -0.0004 -0.0002 0.0000 00002 0.0004

x(m)

Ax = 0.50mm

0.0006

=

{

I=p>

{ a _mj A —\2
4ot o TR ) ek iﬂwm—'?i?i Ft e (s )7

(Wt 272 )S ke

baz —p (f2ht 2n— JECH +uBAGT+ A /A~ 13- 185 )

Ny, Gx
™ .
f&- > - Uw
A=A
ﬂ;;@_‘qi

L | > matdh a 3i
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O Summary of beam loss contribution

» Based on the above study results, summarized the contributions of these factors to beam loss.
Among them, the injection angle, offset and the beam-beam contribute more.

Ax= 10.5mm,ﬂx’=-0.84’m?"ad Factor Beam loss
1 - 1
S — ———— .94 :
0.9 0.915 Collimator(w.bb) 6% (17%)
0.8
0.744 ~ : o o
> 07 Beam-beam(w.collimator) 9% (20%)
E 0.72
3 06
£ Ax'(+0.05mrad) 11%
g 0.5
g 04 no-bb, no collimator
:% 03 no bb, collimator Ax'(£0. 1mrad) 66%
l ——w bb, no collimator
0-2 w bb, collimator Ax(1mm) 10%-15%
01 w bb, collimator,BMAG2.074
0 &;(1nm) 15%
0 100 200 300 400 500 600 700
number of turns BMAG 2%




O Summary

* The efficiency is very sensitive to the Ax’.
* The injection efficiency is also sensitive to the beam-beam and Ax.

* Only when the emittance of the injected beam is reduced to almost the same as that of the ring can
the injection efficiency be greatly improved.

* The injection efficiency is insensitive to the beta mismatch when BMAG changes below 5.

* Including the above all factors, the final injection efficiency can reach 72% when without any error.



O Discussion of improvements

The beam-beam added in the current simulation is the full beam-beam computed for the nominal bunch
charge and nominal beam size, which 1s stronger than that in the current condition.

N; =9.04 X 10'%, 67, = 0,sinf = 6 x 1073 x 0.0415 = 2.49 x 10™*m, 05, = 4.8 x 107®m, B;_ = 60mm, f;_ = Ilmm

Go=lfe B _ 0029 g =lfe - _ 02474

2ny- G5y (Bretops) ©2ny- 0y (Gretoyy)

The width of the septum 1s 6.81mm, which may be possible to achieve 2-3mm. Why not reduce the
width of the septum to reduce Ax and improve the injection efficiency?

The current simulation uses the Gaussian distribution, how about the effect for modified distributions
including non-Gaussian tails from the linac?

The current simulation is without random errors, it may compensate for the too large beam-beam strength
parameter.

The current simulation uses the emittance of injected beam same as that of the ring, how about larger
injection emittance(~7nm)?

CSR?

X-Y coupling? ...

23



Back up



HER LER
DIF_POS | beta_x ela_x MNsigma Hsigma DIF_PO5  beta_x eta_x Hsigma Msigma  Nsigma
[ ] ] W B e M O~ - B (BSC)  (beta)  fota)
o0aH1 Ai08 || 287 e | o7 | ws | 258 DOSHIOUT | 1381 | 242 w0t | o7 | ma §1.8 %4
DH9H2 As8s || a7 Bas | o7 | 34 | 34 DOGH1IN 38 | 4z w0 | 07 | 617 %4
D03H3 a8z || =7 g | or | 7 | 230 DOBHIOUT | 1226 | 242 27 | o1 [ ma | ma 233
DH3H4 a8 || =7 s | o7 | w2z | DOGHIIN 3% | 242 »zm | o1 | m:m3 582 253
DizHe A206 || 7 g73 | o7 | w3 [ ;2 DoHIOUT | wme | 280 w4 | 08 | 186 a7 .2
DHZHZ am || =7 82 | o7 | w1 | 5 DO3H1IN a2 | o @ | 08 | 13 494 0.3
DM2H3 - | [ | = e ;
st il | Mol e ! o S W B DizHiOUT | 78 | 208 2w | oz | mas 78 548
Dr2H4 -
ecdoalih |} Wi res | er | a7 | saa DOZHIIN A0 | 208 w2® | oz | us 106 56.1
nommzout |[ ers (| 7o | esz | 23 | s a6 | 8 | s DOMIOUT | 1207 | 308 21 [ o8 | =3 415 .2
DO1HHN an || 10 o | 23 | a1 | 06 | a4 DOZH2IN no | s 2n [ o8 | 22 420 2%
DUHeOUT || 1ams || 187 05z | 92 | a0 sap | 883 I o DeIOUT | 4376 | s08 g [ 08 [ w3 420 0.3
DO1HAIN adps || =7 052 | 93 | 458 | sa7 | @78 i DozIM | a2 | s waa | 293 | e 415 211
ootwsout || et || s TR TR EENECD I S DHIOUT | 70 | 204 “n [ a4 | e 3.1 ns :
DOHSIN are || 208 oz | w1 | #mr7 | z8 | mez s DazZHAIN £13 | 204 “2n | o4 | s 9.3 Y m
aczizsm || a0 || ws2 024 EZE acitsemy | 05 | 314 “m Y
Bt -z 3280 =20
Dia GCSEYW  SHNNN Dia QCSFW i
DIF_POS  (betay Msigma | P DIF_FOS  betay Neigma | o i Collimator offset
] Il Tl ey beta_y*{mm] beta_x* men] [mm] Im] Y e bela_ymm] beta_x" fmm) offsetinm]  DIF_POY
e S OB e A i nlh b et A o e
ol || a8 || s 187 CYOR 18 5.0 DOEVATOP EEY] £71 2885 822 i Bt e L e e
Doav2 a0 || 194 150 wia SN Sl DOGVIBTH | 378 g1 % | wer Lo o N o
oovs || am || ms | wz | osa  fobee | = e i
o0ava azm || w7 AT wer  [dbni= DOEVITOR 102 208 was | 1458 - B nns | axc
——," " DOEVZETH 3145 208 we | 1513 s 0000 s .
pivi || ss0  [[ w7 | sem | 16 fuon PR - emituoml | 210 EXT 1513
piv: || 21 || s B2 | BT oo i S U e e e st TR
Di2vE 215 || =5 e | s mam el i : < Faga| i ik AR ex 15
DaFVIETH B.02 17.0 41,42 | 425.3 — |- 0400
DH2va 473 | 154 665 | 7.8 ! 0,00 emit_y [rm] - Iﬂ-_l:éﬁm-- = emit_y [nm] ['_'ﬂ';:':a"" <762 AdA
by ERM I i N aniamian | i b‘l‘ XRM
covnge [ 2 [ w5 [ 12 (f 2r gy e i ipipis MO TR W O j i [ ne
i | o < 1 " R Eemmey oo DezviETM | 112 13 un | i Bomayly [T 0.400 : -
ootviemm || e[| ez 1 | s ST XRM [um] ” KA fum] 472 453
% [ act .
_ correntmd} [ 797 125 7822 a1 105.3 current [m&] | 1090
1 3. 1295, : [ =
ac 138 |[|1zmez2 028 153 S "
(-1.18en] |l Dia GCSFW
Dia GCSBN
- For Haigma calculation, emittance values are given by hand (1% coupling]. XRM measursments are NOT used. GoMmator mavement ongong
- LER XRM measuremat shows much Larger coupling than 1%, ® HER @ LER
- i nu_x [collimator] - nu_slQC1) is close to half integer, that collimator can effectively suppress BG. R
= Nsigmafocollimator] should be similar to Nsigma(QC1) in terms of beam lifetime and BG suppression. | FOEIRATT IR
- Mf Deltajnu] is far from half integer, the collimator nesd to be further closed to suppress BG but beam life gets shortsr. |




0 A screenshot of the machine’s operating parameters

B Fle Edit Setings Window 2022-05-16 19:05:49 Help «
Optics | Error Analysis  Crbit

* The distance between the stored beam and injected
beam at the injection point:

Ax = x4, —x, =38.5—28=10.5mm

Beam = KBe, EmitxI n = 1E-4, Septum pos = 38.5, Kicker hgt = 28,

Weff = 6.81, BetaxI = 25.7, 2Jmax = 1.45E-6
,I T T T T | T T T T I T T T T | T ' L 1 I ' ! i WS = 6.81mm \
-0.625— —_ T YExi = 100um
21 &i=7.3nm ; = 0.
o181 e ] S oi = 0.433mm » Ax = 3.50, + 30, + wy=10.5mm
o 03- L . ] Bxi =25.7m
ol -_— : Exr = 4. 6nm} B
L — ] B, = 100m §r = 0-678mm |
-0.035— ]
T —— _ﬂ—f‘f::';
L I S T
- /// T ____,_-——""F _ﬂ_ﬂ__,—-—ﬂ‘”" h ° . .
0.0 o Tt 7 * The relative angle of the injected beam to the stored

VP R EPE U P beam at the injection point:

Ax' =0

sp— 0p=—2.65—(—-1.81) = —0.84mrad

Injection arbit at IMN.J
Sept.pos| 38504 Kickhgt 28.004% o

by N.lida report(2022.5.20)



“Another question: is the crab—waist included in the optics file which you are using, and what
level of crab—waist ? Also, specify that this is without random errors in the optics lattice ?

Optics errors should make things worse...”

* The optics of lattce | currently use (found at the TF meeting in August 2021 )

Matched. [ 3 DP = 0.01000

fMomentumiWe 1. 000

2= 202158H4H 4800 — T56:00 Asia/Tokyo

& Makoto TOBIYAMA (kex accLa), Yusuke SUETSUGU (kek A

33 AX  #smEge# # 3.372E-12 $55

45.531000
5.97E-11 $%% A # . 001000

43.581000

3016, 3147 ETR0 — 57820 1. SAD lattice file

GNshyr | SLTRE2L999)

* With a pair of sextupole on both sides of the collision point

SLYTRE1 =(L =.6 K2 =-8.759274139113826 )
SLYTRE2 =(L =.6 K2 =-9.624333569214944 )
SLYTLE1 =(L=.6 K2 =8.36012428756659 )

SLYTLE2 =(L=.6 K2 =7.6609691425430535)

Without crab waist, the strength of a pair of sextupole should be
the same. In this lattice, the strength of a pair of sextupole is
different, so it contains crab waist. The level of crab-waist may be

40%.

r
( 'W)Fkl'tf-tfgj

ER2 Udepy)

¢ Lattice files SuperKEKB International Task Force Subgroup - KDS (Indico) -- Updated in August 2021



https://kds.kek.jp/category/2242/

SAD Results @IP

2.493E-12 $%% VX i . 060000 555

-5.95E-11 %%% A & 001000 555

dp/p0 . deSign momentum = 700 G@V

e PByr=6Ccm
* By=1mm

e Nux =45.531, Nuy = 43.581

1gn momentum PO

oo wurn U = 2 W Effective voltaae Ve = 1a;000o0 + 7, =579x 1072
- e T, =1.006 x 10~°s
 nturn =1,/Ty = 5755

|:| \4 .

: 5.794510E-02 Yo . S5E-02 f : 2 JODE-02
ift due to r
-1, 792445E-07

Damping partition number:
X s 1. 0004




O Injection aperture:

E”iFIe. ,]C the m‘]Ecﬂd beamn

i
e

e

UHM}
T

asm

+Ah~

+|"V“A1

EH:’F{?. Oj'- the injeckion aperture.. Wt A
- = A:
MJIE{-Q,, b= Ue -t = Tra;

x
X
ok ﬁ\ F\\
| IRHPeR
o V=T \\\iigj\)/
| 1
Ye
o Mt ug
Xw = ’W?-'I"Vi lh = s
f - R { T
wt 16
X Ul = ;P; = Uyt !‘-_*;'__ W+ JF;

The injaction eperhte shoule] 'nchee both storeel baom and] wjectad bearn. The. chitical
wondition is thot tha. ellipse of bha injaction aperure is tangert to that of- injected
beam. So we howe to ectablish +uo equuodrons +o fnd the contact point -

(U-ue)?

- 1 Feh-u*) = 4

- PYu® - suide + ue +FA-dikzo

Fod thon L6 | A= (-2ke)'~ 4 (J-ILUE P -Air) = 0

= PA~Air - P - A + AP =0

= p: AUPIEIR A (uartdrar)”
F 0 F TR

= U= Ue u.\.-+ﬁ;’
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O Injection aperture:

Gub when I ig Ialrgﬁlrfﬂiun.iama ehticad yalue of 1o, \v* becomes Wgofﬁ”ﬁ- 4= LE’-H&HMWJ 1|3

Vik=0 = - %h’—m‘ﬂﬂ he (18+20 495 +3/3) P
For > b, , the Solution is given by A = (uw+t 2747 ) e Ul /A
Aj= nig;
In Summany, the solution 18,
o T TR Y, ren) g L gen by Tmm%’{“r FRLIS
(Wt 212 ), (rzk) ® = J+b.ﬁa+m
where, F=Bilfe | Ai =iy, W= %% Qo = vSTT Y664

b= v.4¢tsioso

‘Srm._e. Ho 'E‘LQ i h.}ﬂ_@ﬂl'fﬂ.ug, ;ﬂmﬂsil'lﬁ_'fuﬂtﬁtm D‘I‘ r OU’I.G* BH."MJ >0, bl - -*O:D:llqlcrqo

Hhe value ¥ thit minimizes A lies in the ey rebo.

Aosn = mia. | A+ 7 (o 7707

=| b=k (At sn— JBCTAD +agn a7+ A0 /A= 1573- 185, )

* The minimum injection aperture is related to 4;(= n;e?), r(= $;/B,) and u, (= (n.0, + w,)//B-) and determined by
r (Bi)-

* The optimum ris determined by 4; and u,,.



* Obviously, when the rotation angle of the phase ellipse is 90 °, the required injection aperture is the smallest. At

this time, the twiss parameters of the injected beam and the stored beam satisfy this relationship:

Elispe equation of injeckec] boam i, real phase sz
hX +amx+ Xtz g

{"—.{:'ﬁx qf;:q}jf

Tro DXHp ¥ -4 %

T T

waei{ispe 15 defincel Iﬁ,:

which. o be. hasacterised By Ynewy, Bnen, onel dnew,

WA+ anfp i A2E 4 g, AR

L—‘T;—‘i'-%— (a.-au%}’] Tt~ 2% [fp-' La.-al%“.ﬂ -r% X’ =&

Trsfopme. this ellspe. to the pemabied fhase spue dafined by ring’s prometss

dney= — % f,:h-éh%'—‘j.
et

‘IIL‘-!‘I/-‘: —%l:+'%ir'[3| —31‘%}1

ang] the oHentationangle in B of e, Pray, raw !

___"idnew
ton2d ——

beasa_ Ghuld weat the fllowy. ialetionthip-

toaf = Z%L}'_h%} =0
5ok

= &]:Qr%l; (f240)

Which just corresponds to the case where, the 5; constant, the @; is matched to minimize the BMAG.

a;

Bi

= g ,8_ (@;, B;: injected beam; «ag, B: storted beam)
s

H we wortt the oHentatinangle is Go°. the tuuiss rrametors of injected beam and shre]




® The definition of Bmag:

ay.

Matched
Beam

real phase space normalised phase space

Ellispe equation of injectec| beam ja, real phase space.:
BX i+ Xtz g
Tharsfomme this eLlispe. to the namalised fhase space dafined by ring’s porometiss.
{?‘—ﬂ—i.ﬁ :,fx;,ﬁ,f

'fr - 3.>€+E-I‘
S

Tha ellispe 15 defincl LEL _-
’fr,_,grii'i‘ MJEE‘EJ_F:}'E_ 4 ﬁl@: 5

[_?'J_Jril

T8, [a.—ar%}j %t -y [-E]ﬁ té;*&;ﬁF'J .r_E s

which con b chatacterised B "Ill.n.eu..;, Pres, anel Snew, :

Onew = — fﬁca.-&%
Prow= 1

\{W = —J?T‘i'“'%ir‘ (3.- 31‘%)2

Trom the qenaral eltispe propaibies, tha forametes e, b and A tan be intrachicedd.

Whire o and b are the hoif axes of he ellipee which are reluted to the badius of Bl
matched circde A =g -

az J& ¢ fnei + i)
b=J& ¢ Thei - Ja1)
He 4 o thend = & [ 1 o4 2 (0080 ]

Aftey that. the mismatched beam s eblise will rotate , 5o its equivalert elispse
Cirtmserber iy nitbiad E“iill.EE MJ Sl to 'b&z&'bnre;l b&wn ehkF,-,E

w Mismatched
D@am

I/,.-"" L ..HM; x‘;au j
9 W
1

,
b CV
/
|

| kN :: \
HA——F—A .+ %
" A /)

T /
N

s e




® The definition of Bmag:

Fnew = — % {é.‘gz%
row= 2
e = B+ £ (3, - 55K )7

Trom the genaral altispe propertics, fha forametas o, b and A tan be intiockucec!
Whire o andl b are the holf aves of Hhe ellypse which are relted to the todius of the

matched circle A=qt
az JE ¢ [ati + Ju1)
b= J& ¢ {Re1 - T
He L oot = & [F21 Bt £ (3,000 ]

Altar- that, tho mismasched beam's ellige will rotate , 5o its equivalent elispse
ivtumribes its initial ellipe and simiar to the storecl boam elispe

Dapam
P —
e - _—
e o)
b . -"‘., \
I -\ y ,: § \
|| ||’ "".J 'III |+ X
A //
L !
N
T Matched
Baam

The coordinates of the mismotched dictiipution in. namalisel phase space af the
jection peition tan be wiitten sl as :

{.?Z}‘..-_“/: OLH?E:'#
:E:n:awr: m'm%
So the miswatdhed distribation, -
Toew = T:ew‘!' Wnow = '5"'1
& m+m)
= & LHH]H™T)

—_—

bne = HF JH‘-l :ﬁm&,-r,lm

% He 4 U ) = [%‘f St (o)) = Gg.

s byt B
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O Draw three ellipses in phase space

px(rad)

0.00010 &
L —— Design
— Bmag=1.13
0.00005 - — Bmag=1.34
— Bmag=1.82
— Bmag=26
0.00000 N
-0.00005 1
-0.00010 |, | s g 5 g m e 5 o
-0.002 -0.001 0.000 0.001 0.002
x(m)
(yg)final = BMAG - (Y&)nitial
1|p B a, «
m e b m
BMAG = = |5= + —+ BpPm | — — =
2 e m ﬂb :Bm

When BMAG is very close to 1, the third
ellipse circumscribes the injected ellipse.

When BMAG is slightly larger, about larger than
1.2, the third ellipse no longer circumscribes the
injected ellipse.

px(rad}

px(rad}

0.00015

0.00010 |

0.00005

0.00000

-0.00005

-0.00010

—0.00015 |

—— Design
— Bmag=1.13 7

— Mismatch

-0.002

L 1 L
-0.001

n L P n L1
0.000 0.001 0.002

x(m)

0.00015

0.00010

0.00005

0.00000

-0.00005 |-

-0.00010

~0.00015 |,

—— Design
—— Bmag=1.82

— Mismatch

-0.002

L 1 I
—0.001

I 1 L I 1 I
0.000 0.001

x(mm)

px(rad}

px(rad}

0.00015
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0.00005 |
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-0.00005

—0.00010 |-
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—— Design
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— Mismatch

-0.002

L 1 L I 1 L
0.000 0.001

x(m)

I 1 I
-0.001

0.00015

0.00010

0.00005

0.00000

-0.00005

-0.00010 |

-0.00015 |

—— Design
— Bmag=2.6 |

— Mismatch |

-0.002

I 1 L L 1 L L 1
0.000 0.001 0.00z

x(m)

L 1 I
-0.001



O The definition of Bmag:

px(rad}

0.00010 F ' ' ' .
L —— Design _
I — Bmag=1.13 |
0.00005 | — Bmag=1.34
I —— Bmag=1.82
I — Bmag=2.6
0.00000 - -
-0.00005 - .
000010 |, | L L L s
-0.002 —0.001 0.000 0.001 0.002
x(m)
€final Epurple
final _ “vurple _ BMAG ++/BMAG? — 1
€initial Sorange
1 .Bm .Be ap Om
BMAG = = |2+ —£ 4 BpBm [ = — ==
2 e m ﬁb ﬁm

px(rad}

pxirad}

0.00015F E
—— stored beam

0.00010 - — injected beam -
— Bmag=2.60

0.00005 |-

0.00000 |- .
—~0.00005 |- ]
—o.00010 [ ]
000015, L L L e

-0.002 ~0.001 0.000 0.001 0.002
x(m)

0.00015F L
—— stored beam
— injected beam

0.00010 - .
— Bmag=1.34

0.00005 - .

0.00000 |- .

-0.00005 |- .

-0.00010 |- .

-0.00015 |, L L L s

-0.002 —0.001 0.000 0.001 0.002
x(m)

px(rad}

px(rad}

0.00015F ' 7
—— stored beam
0.00010k —— injected beam ]
— Bmag=1.82

0.00005 .

0.00000 - .

-0.00005 | .

-0.00010 | .

000015, . . . L L e
-0.002 -0.001 0.000 0.001 0.002

x(m)
0.00015F ' ' ' B
—— stored beam
0.00010 - — injeCth beam -
— Bmag=1.13
0.00005 | .
0.00000 .
~0.00005 | .
-0.00010 | .
—0.00015 [, L . L .
-0.002 —0.001 0.000 0.001 0.002
x(m)
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px(rad}

*  When the Twiss parameters of the injected beam are set to different optimal combinations of §,; and a,;, the

rotation angle is 90 °, but the shape is different, and the injection aperture is different.

* It is not that the larger the BMAG, the larger the injection aperture. On the contrary, the injection aperture is the

largest when matched.

* This is also the reason why there is so much difference between the beta function of injected beam and the stored
beam in SuperKEKB, the dynamic aperture is too small, so the injection aperture is required to be as small as possible

T
1
T

(DD ETSE L 0.0006

T

0.0002

0.0004

: —— stored beam
1 =— Bi=65m,ai=5.15,Bmag=1.09

0.0001 0.0002 |-
| — pi=60m,ai=4.75,Bmag=1.13 I

Bi=45m,ai=3.57,Bmag=1.34 fg r

0.0000 - £ 0.0000
| — Bi=35m,ai=2.76,Bmag=160 & L

1 — Bi=30m,ai=2.38,Bmag=1.82

T

-0.0001 7 = Bi=25m,ai=1.98,Bmag=2.13 —0.0002 |

7 —— stored beam
| —— Bi=100m,ai=7.9254
—— Bmag=1(31.0)
— Bi=65m,ai=5.15
— Bmag=1.09(29.0)
1 — Bi=60m,ai=4.75
— Bmag=1.13(28.6)
Bi=45m, ai=3.57
Bmag=1.34(27.7)
— Bi=35m,ai=2.76
— Bmag=1.60(27.0)
— Bi=30m,ai=2.38
| — Bmag=1.82(26.5)

— Bi=25m,ai=1.98
— Bmag=2.13(26.2)

-0.0002 - | ~0.0004 -
oo003f ., ] 00006, L Ly
00003 -0.0002 -00001 00000 00001 00002 0.0003 ~0.0006  -0.0004  -0.0002 0.0000  0.0002 0.0004  0.0006
x(m) x(m)
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[0 Add the beta-mismatch into simulation

Ax=10.5mm,Ax'=-0.84mrad Bmag

I
.

! ) ! 120

—_— 0.94
0.9
08 \ \ 100 | /
0.735 I ¥

I

g o 0.71 \ 80} /
\ I
3 06 \\ i ;
= -
T os \ 60
5 0.454 I
=] -
g \ 40f /
£ 0.3 near N l
all 20l /
02 ——bb-all - /
0.1 Bmag2.074 [ | T‘\\,Qﬁ-ro}j) \ | | .
0 Bmagb9.536 4 5 2 4 6 3 10
0 100 200 300 400 500 600 700
number of turns ﬁxi = 25.7m

ae

Add the beam-beam, all the collimators, the injection efficiency is 73.5%.

Only S,; changes from 100m to 25.7m, a,; stays the same, the BMAG is 70, and the efficiency is reduced to 45%.

Byi stays the same, a,; changes, and we can find the optimum «a,; which minimizes BMAG.

injected beam: B; = 25.7m, a; = 2.037} BAMG — ,35 _ 1 & 3 ﬁz — 2074
stored beam: ,35 = 100m, ag= 7.9254 .81 2 ,81 ,BS
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« 7,=579%x107%s
« T, =1.006x1075s
 nturn=1,/Ty = 5755

grounds. We present measurements of various aspects of
regular beam background and injection backgrounds which
include time structure and decay behavior of injection back-
grounds, hit-energy spectra and overall background rates.
These measurements show that the elevated background rates
following an injection generally last for several mullisec-
onds, with the majority of the background particles typically
observed within the first 500 s, The injection backgrounds
exhibit pronounced patterns in tme, connected to betatron
and synchrotron oscillations 1n the accelerator rings. The
frequencies of these patterns are determined from detector
data.

Several milliseconds =~ 600turns
500us = 50turns
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By*=1mm

4. "Raw’” injection efficiency

LER HER
0.002 ], R Ellicienty sl il gl B e BanE
MQEAP22 - 0.062 ‘
B 75% 3‘0 . MQEAEZ23
E 0.001 ‘ l § | 140%
9 ' ~0.64 8 0.001 ‘
- 50% £ o

0 200 400 660 860 1000 0 200 4060 660 800 1000
~Ims 10ms ~1lms 10ms

“Raw” injection efficiency

“Raw” injection efficiency uses the value 1ms after injection.
But the decay continues, mainly in LER.
It should be resolved where the beam losses during 1000 turns in LER occur.

Koga-san pointed out that the decay pattern for each ring is similar on the duration.
2022.7.29 BITF, N. lida 7
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O Horizontal beta-mismatch

* The twiss of ring in x direction: «,,,, = 7.9254, 3,,, = 100

* Scanning within a large range: a,, € [0,8], S., € [10,100], track 5000 particles for 600 turns.

'
20 1.6 2.6

be =

J 71.4%
Bmag 25 1.98 2.13 72.6%
250 | 30 2.38 1.82 72.9%
200 35 2.76 1.60 72.7%
: 40 3.16 1.45 71.2%

150 |
: 45 3.57 1.34 72.4%

100
: 50 3.96 1.25 72.7%
507 60 475 1.13 71.6%
e 65 5.15 1.09 73.2%

100 7.93 1.00 72.2%



O Vertical beta-mismatch

* The twiss of ring in y direction: a;,,,, = —1.5111, B,,,, = 28.9281

* Scanning within a large range: a,, € [-4,1], ., € [10,40]

ay
be -=j
5 3 2.98

0. 71.6%
Bmag

20
8 0.4 1.95 72.0%
15} 10 0.5 1.62 72.3%
ol 12 -0.70 1.42 72.0%
: 15 0.78 122 72.1%

hE
/ 20 -1.04 1.07 72.3%

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 ae

-4 -3 -2 -1 : 1 29 -1.51 1.00 72.7%



[0 Beam-beam

» Define the BEAMBEAM element and add it after the IP in the lattice sequence.

BEAMBEAM FBMBME =(BX =.032 BY =.00027 XANGLE =.0415
EMITX =3.2e-08% EMITY =8.64e-12 DF =.00081
SIGZ =.00& SLICE =100 NP =%.04e+10 S5TUEN =10 )

LINE ASCE=
(IP FBEMEBME FHBBEKE FVEBEE ESLEQ EC5LES E5LE10
ECSLE1S ESLEZ0 ECSLEZS ESLE30 ECSLE3S> ESLE40 ECSLE4S
ESLESO ECSLESS ESLE&O ECSLE&S ESLETO EC5LETS ESLEESO

ECS5LESS ESLES0 ECSLESS ESLE100 ECSLE10S5 ESLE110 ECSLEL115

BX: By BY: B,

EMITX: &, EMITY: ¢,

SIGZ: bunch length

XANGLE: half crossing angle

DP: energy spread

NP: particle number for each bunch

STURN: how many turns do you output information




O Set physical aperture to judge whether particles are lost

> Aperture set——collimator APERT AQCILC =(&X =.015 AY =.015 DX =.0007 )
BOCILO =(AX =.015 Y =.015 DX =.0007 )
BOCZ2LC =(AX =.035 LY=.,035 DX =.0007 )
BOCZ2LO =(AX =.035 LY =.035 DX =.0007 )
PHMDO1HS =(AX =0.00%941 LY =0.04%5 )
PMDO1H4 =(AX =0.01488 LY =0.04%5 )
01 o Do3 PHMDO1H3I =(AX =0.00875 LY =0.04%5 ) '_““‘E—-q_r_h__qx
3 TSUKUBA PHDO1V1 =(AX =0.045 LY =0.00178 ) °“un;.;0"
Sp1zH3 : PMDO1HZ =(AX =0.045 LY =0.045 ) la
B D12 i PMDO1H1 =(AX =0.045 LY =0.04%5 )
ﬂi’ﬁ'}l SuperkEKB Main Ring DMD12V4 =(AX =0.045 AY =0.00173 ) .
| PHMD1Z2H4 =(AX =0.01542 LY =0.04%5 )
D11 \ D04 PHMD12V3 =(AX =0.045 LY =0.00215 )
PHMD1Z2H3I =(AX =0.01000 LY =0.04%5 ) X18 __,,_-—""'
- -~ PMD12H2 =(AX =0.00877 AY =0.045 ) -
. _ g PMD12V2 =(AX =0.045 Y =0.00218 )
| S > i PMD1ZH1 =(BX =0.01206 AY =0.045 ) e
g ® : Horizontal Collimator, KEKB HER(SOx104) type E PMDLZV1 =(RAX =0.045 AY =0.00380 ) "waﬂ . b
I : Vertical Collimator, KEKE HER(50x104) type S FMDOSVE =(AX =0.045 RY =0.00325 ) ""afoﬁi};;]w--__“_ﬁ_h"“"—«-u Collimator
] _D.EP&W @ : Horizontal Collimator, SuperKEKB LER|fS0x220] type 1 PMDOSHE =(RX =0.00856 AY =0.045 ) ‘ _HHH Apcrlure
010 D0aH4 B : Vertical Collimator, SuperKEKB LER|F90x220) type IE'UEA FMDOSVS =(RX =0.045 AY =0.00140 ) .f__f_.a—v""__-
%%%ﬁa @ ; Horizontal Callimator, SuperKEKB LERITS0) type FHMDOSHES iEF&X io.oogsz RY iD.D-&E )
» posia @ : Horlzontal Collimator, SuperkEKS HER(FBON220] type FHMDOSHZ :m‘x :':"':'1535 RY :':"':'45 )
@ DogH1 [ : Vertical Collimator, SuperKEKB HER|f30x20) type PMDOSEL =(AX =0.01108  AY =0.045 ) )
..D'ggal ) PHMDOSVZ2 =(AX =0.045 LY =0.00304 ) V(l\‘ 2
W, ; PHMDOSV1 =(AX =0.045 LY =0.001e9 )
009 BOCZRO =(AX =.035 BY =.035 DX =-.0007 )
BOCZRC =(AX =.035 BY =.035 DX =-.0007 ) _"““-—--“__‘_
BOCIRC =(AX =.015 AY =.015 DX =-.0007 ) 1_"“‘——-‘___‘_
AQCIRC =(AX =.015 AY =.015 DX =-.0007 ) B

* The collimator aperture is defined as the distance from the beam core to the collimator tip.
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[0 Beam-beam

> Check beam-beam element—— Theoretical calculation

The more general beam-beam effects are quantified by the so-called disruption parameter D, ,, defined as

2r,Npoz Oz

D " ar — ~
- }"'Gx',_): {Jr + ':T_):) fheam

This force changes the momentum of each bunch. When the oscillation amplitude of the particle is small, the
force can be considered as linear, and its effect is equivalent to a Quadrupole, that is, the force is proportional

to its transverse offset.

round bearms -

Baam-baam force

transverse amplitude ()

In the thin lens approximation, the transfer matrix i1s: M = [ 1 ,f’} ?] and the focus length is:
- beam

£ o oz 21N}
eam — JfxvV -
YD xy  YOxy (Jx + J}’)
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[0 Beam-beam

> Check beam-beam element—— Theoretical calculation

when a particle with a horizontal offset x passes through it, the coordinates change to

Fll _ [ 1 l‘.]] ﬂ.x] . x; = Ax
X —1/fream 1 Xg Xy = Xg — X0/ foeam

Therefore, the scattering angle produced by beam-beam effect is:

Ax 2r, Ny ar,N, Ax
AyYf=——=—————— Ay & — » —
fe }'ﬂ_r(a_.r + Jy} YOy Ty
Ay 2r.N, 2r.N. Ay
ﬂ}_r'rz__}z_g—bﬂ}rﬁ e bx_'}
fy yay (o + ay) Yo, gy

For HER(electron ring) and in the thin lens approximation, the beam-beam deflections is:

Ax’=£=—4”€ Ax = — 2relVy Ax
ds Bx- %" Y-85+ (Gxs toy4)

y __dy 4 . 2r N,

V-03+(Gri+034)

Ay
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0 Resonance lines:

43.62

COIOr - [lkl’ lkl’ lrl’ Ibl’ 1

g,Y,C,

Iml]

43.60

43.58 ~

:h =
o 43.56

43.54

43.52 ~

43.50
45.50

I I I
45.52 45.54 45.56
vV X

!
45.58

45.60

45.62
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BEFINRNRHE, FANRMbeta functionREFANRNRT, HEMEZWEAMBHILIZ.

m A 7/N\—F v OEEt

AR OEFRELTEHELE, B7YLBRTHD ax

=0 ERBLSBEMERRILICT S, TOLSRIE

FRiZER, ANMEOQORICHS. THLEAHR S IC i
BT HUHEEFEFTROLSICRS.

Effective
4 Pu septum

JLrMIE
]
JLrHIE

Beta-function

of the ring o S WS
><= ryechion Stored beam
aperture
\/\/ " ' Injected beam
QI4E . w \
k i

Injected
beam\—/ , ASIR I 85 B Artazn 2
(I ,Ik} X

ASFE—LPDDUEELITEZZ (x.x) £T5E, A
] HE—LOV Yy FrIEENS

*

] =g, X =30, + w, +2.50] =6.3 mm
Ql4E kicker-bump orbit

Septum
ThiTnEssizwy, x EeFy LB, BEHE—LE
FUAFHE—LDRKESTRES").

BT LHFSIESIRN
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