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Parameters for intera
tion regionEnergy, GeV 2Beam 
urrent, A 1.36Number of bun
hes 295

βx, mm 20
βy, mm 0.76
εx, nm rad 10Coupling εy/εx, % 1Beam length σz, 
m 1Crossing angle, mrad 34

Tune shift ξy 0.13Parti
les per bun
h 7 · 1010Luminosity, 
m−2se
−1 1 · 1035Hour glass σx

θβy

1.095Piwinski angle ϕ = σzθ
σx

12

✦ No bend for in
oming beam.
✦ No longitudinal �eld integral over ea
h �nal fo
us lens.
✦ Longitudinal �eld is 
ompensated before ea
h �nal fo
us lens.
✦ Intera
tion region length less than 100 m.
✦ Pla
e for CRAB sextupole.A. Bogomyagkov ICFA, April 14-16, 2008 2



Blo
ks of intera
tion regionFFT YCCS XCCS CRAB ET MS
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s (m)

δE/ p 0c = 0 .0 0 0 0 0 0 E+ 0 0

Table name = TWISS

NIR YCCS
Crab sextupole and beta chromaticity correction
Unix version 8.51/15 07/04/08  14.33.46
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Why teles
ope

❶ Map: R =





R11 0

0 R22



 Twiss transformation: β = R2
11β0

α = α0 = 0

γ = R2
22γ0

❷ Simple formulae for 
hromati
ities and dβ/dδ = 0:

R11(δ) = R11 + T116δ + U1166δ
2

dµx

dδ
=

T126

β0R11

d2µx

dδ2
=

2U1266

β0R11

− 2
T126T116

β0R2
11

β = R11β0 + δ
[

2R11T116β0

]

+ δ2

[

(T 2
116 + 2R11U1166)β0 +

T 2
126

β0

]

α = δ

[

−R11T216β0 −
T126R22

β0

]

+ δ2
[

−β0

(

R11U2166 + T116T216

)

−

−γ0

(

R12U2266 + T126T226 + U1266R22

)]
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General 
hromati
ity formulae

dµ

dδ
=

1

2

Π
∫

0

β0(s)
[

S(s)D0(s) − K(s)
]

ds

d2µ

dδ2
=

1

2

Π
∫

0

β1(s)
[

S(s)D0(s) − K(s)
]

ds +

Π
∫

0

β0(s)S(s)D1(s)ds − 2
dµ

dδ

β1(s)

β0(s)
=

1

β0(s)

dβ

dδ
(s) = −

1

2 sin(µ0)

s+Π
∫

s

[

S(s′)D0(s
′) − K(s′)

]

β0(s
′)×

× cos
(

µ0 − 2|µ(s′) − µ(s)|
)

ds′

D1(s) =
dD

dδ
(s) = −

√

β0(s)

sin(µ0/2)

s+Π
∫

s

√

β0(s′)
[

S(s′)D0(s
′) − K(s′)

]

×

×D0(s
′) cos

(µ0

2
− |µ(s′) − µ(s)|

)

ds′T. Sen and M. Syphers "Se
ond Order Chromati
ity of the Intera
tion Regions in the Collider"A. Bogomyagkov ICFA, April 14-16, 2008 5



Prin
iples applied for intera
tion region

☛ Teles
ope be
ause of easy tuning and simpli
ity of 
hromati
 analysis.

☛ Two pairs of sextupoles at nπ phase advan
e from two FF lenses respe
tfully and −Imap inside the pair.
☛ CRAB sextupole at µx = πm and µy = π(2n + 1)/2 from IP and zero dispersion.

☛ Additional sextupoles: low beta fun
tions but high beta 
hromati
ity, high se
ondorder dispersion, weaker than main sextupoles.
☛ O
tupoles: high beta and dispersion.
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Final lens traje
tories

S, m
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H invariant
0.0 20. 40. 60. 80. 100.

s (m)
δE/ p 0c = 0 .0 0 0 0 0 0 E+ 0 0

Table name = TWISS

SIR ff telescope
Crab sextupole and beta chromaticity correction
Unix version 8.51/15 03/04/08  12.25.41
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NIR Sextupoles OFF
-0.010 -0.004 0.002 0.008

δE/ p 0c
s (m) = 0.

Table name = TWISSD

Crab sextupole and beta chromaticity correction
Unix version 8.51/15 07/04/08  14.38.31
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NIR Main Sextupoles ON
-0.010 -0.004 0.002 0.008

δE/ p 0c
s (m) = 0.

Table name = TWISSD

Crab sextupole and beta chromaticity correction
Unix version 8.51/15 07/04/08  14.39.03

2.75

2.80

2.85

2.90

2.95

3.00

3.05

3.10

3.15

3.20

3.25
µx

(r
ad

/2
π)

2.75

2.80

2.85

2.90

2.95

3.00

3.05

3.10

3.15

3.20

3.25

µy
(r

ad
/2

π)µ xµ y

A. Bogomyagkov ICFA, April 14-16, 2008 10



NIR Main & Additional Multipoles ON

-0.010 -0.004 0.002 0.008

δE/ p 0c
s (m) = 0.

Table name = TWISSD

Crab sextupole and beta chromaticity correction
Unix version 8.51/15 07/04/08  14.39.31
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Nonlinear elements NIR
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NIR and ring 
hromati
 fun
tions
0.0 200. 400. 600. 800.

s (m)
δE/ p 0c = 0 .0 0 0 0 0 0 E+ 0 0

Table name = TWISS

ringl
Unix version 8.51/15 07/04/08  13.43.10
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NIR and ring µ dependan
e on δ

-0.004 -0.001 0.002 0.005

δE/ p 0c
s (m) = 0.

Table name = TWISSD

NEIP
ringl
Unix version 8.51/15 07/04/08  13.43.10
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Con
lusion

☛ Designed intera
tion region provides luminosity of 1035 
m−2se
−1with not extreme parameters.

☛ There is freedom in beam-beam tune shift, whi
h allows to de
rease
oupling 
oe�
ient and in
rease luminosity.

☛ The presented intera
tion region satis�es all geometri
al
onstraints.
☛ Obtained energy a

eptan
e of the Super-
t-fa
tory is smalland requires further optimization of the nonlinear 
hromati
ity
orre
tion in intera
tion region and in the ar
s.
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