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Minimal test scenario: 1 CC

5 m free space

for crab cavity H crossing
T IP5: CMS
IP4:RF

LHC Beam 1

IP1: ATLAS
V crossing

A single global crab cavity at IR4 to benefit IPS
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Optics

Nominal optics, 800-MHz crab cavity: 9.3 MV

s [m] Bz [m] | By [m] | Phase z | Phasey
IP1 0 0.55 0.55 0 0
CC 9968 208 174 24.382 21.838
IP5 | 13329 0.55 0.55 32.047 29.609

Lowbetamax optics, 800-MHz crab cavity: 25.7 MV —> Increase (3

s [m] Bz [m] | By [m] | Phase z | Phasey
IP1 0 0.25 0.25 0 0
CC | 10028 113 250 24.557 22.379
IP5S | 13329 0.25 0.25 32.253 29.736
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Luminosity

LHC luminosity with only one crabbed beam

Nominal crossing
No crossing angle
6 L CC 400MHz :evreveee: i
CC 800MHz s

Dots from GUINEA-PIG

Sr 1.3

1.2 |

Luminosity (normalized to nominal LHC)
N

0.1 015 02 025 03 035 04 045 05 055

Curves: analytical formulae; Dots: GUINEA-PIG
Good agreement

5 percent gain at IP5, 5 percent loss at IP1, with
5" =0.55m
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Luminosity scan

Nominal LHC optics, B =0.55m
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Dynamic aperture

Tracking for 100,000 turns (LHC optics)
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e Two error seeds
e Momentum offset 0.00027, 100,000 turns
e 2 to 2.5 o degradation due to CC

Yi-Peng SUN et al Global crab cavity at IR4 for LHC Upgrade - p.7/21



Beta beating

Beta beating from off-m and CC, LHC nominal optics
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Beta beating from off-m and CC, LHC lowbetamax optics

T T T T T
Horizontal

ical

5000 10000 15000 20000 25000 3

0000

>

5

ol .

- 02

S o.(1)

S 01

o -0.2

s -03

< 0

~ 0012}

L 0.009 }

¢ 0.006 [

O 0.003 !

= 0}

< -0.003
-0.006

T T T T T
Horizontal
Vertical

i

5000 10000 15000 20000 25000 3

s [m]

0000

Left: LHC nominal optics; Right: LHC lowbetamax
optics

Yi-Peng SUN et al

Global

crab cavity at IR4 for LHC Up

grade

p.8/21



SixTrack code & CC ramping

Longitudinal distribution Bunch profile at IP5, crab cavity ramped
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Left: SixTrack code longitudinal cut 2—>4; Right: CC
ramping check at IP3
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Comparison

Profile at IP5
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Collimation, tracking conditions

Nominal LHC optics, beam 1

Code: SixTrack coll cc &
SixTrack_coll_cc_2sigma

5,000,000 particles, 200 turns

For CC, ramp 1000 turns without collimators
first, then track for another normal 200 turns

5.958 ¢ + .0015 o smear
o, =1.129E-4, 0.=75.5 mm
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Loss map, Thomas Weliler
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Loss map, Thomas Weliler (Zoom-in
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Loss map, hor halo, no CC

LHC, 7 TeV, 202, horizontal beam halo LHC, 7 TeV, 4:52, horizontal beam halo
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Loss map, hor halo, no CC (Zoom-in)

LHCIR7,7 TeV, 262, horizontal beam halo LHCIR7,7 TeV, Abz, horizontal beam halo
T T T T
iP3 1P5 1P7 IP1 1P3 1P5 1P7 1P1
0 0L
10" ¢ R E 10 Losses at collimators ~ —————————
osses at collimators =~ ——————————
Losses at warm magnets
Losses at warm magnels e Losses at cold magnels
) |
_ 10 ¢ Losses at cold magnets ~— —————————— E| _ 10 ¢
= E
=02 = 42
> 10 ¢ E % 10 ¢
8 s
2 o
107 E g107¢
10 J =0t
10_5: ----- I | e 1075,

19.7 19.8 19.9 20 20.1
s [km]

LHC IR7, Left: 2 o, cut; Right: 4 o, cut

19.7 19.8 19.9

Yi-Peng SUN et al Global crab cavity at IR4 for LHC Upgrade - p.15/21



Loss map, hor halo,

Global CC
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Loss map, hor halo, Global CC (Zoom-in

LHCIR7,7 TeV, 20‘Z, Global CC at IR4, horizontal beam halo LHCIR7,7 TeV, ékSZ, Global CC at IR4, horizontal beam halo
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Loss map, ver halo, no CC
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L.oss map, ver halo, Global CC

LHC, 7 TeV, ZGZ, Global CC at IR4, vertical beam halo LHC, 7 TeV, 4:5Z, Global CC at IR4, vertical beam halo
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Long phase space, at 1P7

Bunch profile at IP7, 200 turns

Bunch profile at IP7, Global CC, 1200 turns

0.0005 0.0005
0.0004 - 0.0004
~ _  0.0003 |
©  0.0003 Q
(2] (2]
2 £ 0.0002 -
> >
S  0.0002 | o |
oy £ 0.0001
c c
Ll Ll |
> 0.0001 | ° 0
= >
B S -0.0001 |
& 0F 6oy +106, + &
6o, +206, - -0.0002 |-
66, +3 0, x
-0.0001 | 66, + 40, © i -0.0003 |
-0.0002 ‘ ‘ ‘ ‘ ‘ -0.0004
-600 -500 -400 -300 -200 -100 0 -3500

Longitudinal position [mm]

Left: no CC (200 turns); Right:

Yi-Peng SUN et al Global

-3000 -2500 -2000

-1500 -1000 -500 0

Longitudinal position [mm]

Global CC (1000
turns ramping + 200 turns)

crab

cavity at IR4 for LHC Upgrade

p.20/21



Transverse phase space, at 1P7

Bunch profile at IP7, Global CC, 200 turns Bunch profile at IP7, Global CC, 200 turns
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