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Approach & requirements.

A word on hardware.

Simplifications on the Interaction Region.
FFB and phase advance (15t Order).
Synchro-Betatron coupling.

Transverse coupling.

Particle tracking methods.
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The MEIC Luminosity Approach

Short bunches for both species.

Small transverse emittance.

Ultrahigh collision frequency CW beams.
Staged electron cooling.

Small final focusing g~.

Large beam-beam tune shift.

Crab crossing.
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The Interaction Region
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The Crabbing Concept

tail is deflected down

*R. Palmer, SLAC-PUB-4707 (1988).
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Meet the candidates

*Slide taken from Q. Wu from BNL at IPAC2015
R. Calaga, Chamonix ‘12

LOM/SOM

&

Exotic zoo of crab cavities developed in about 4 years (BNL, CERN, CI-JLAB, FNAL, KEK, ODU/JLAB, SLAC)
Three cavities remaining after down-selection.
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Transverse Kick AR
(e.g. 750 MHz SRFD)
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/50 MHz Crabbing Cavity

« Crabbing cavity for proposed
Medium-Energy Electron-lon
Collider (MEIC)

« Desired net deflection
— e beam: 1.35 MV
— p beam: 8 MV

A. Castilla

R

Parameter 750 MHz Unit
Nearest mode to T mode 1062.5 MHz
Deflecting voltage (V<) 0.2 MV
Peak electric field (Ep") 4.29 MV/m
Peak magnetic field (Bp") 9.3 mT
Geometrical factor (G = QRy) 136.0 Q
[R/Q]+ 125.0 Q
At E;" =1 MV/m
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MEIC Crabbing Requirements

* High repetition. el Hich st st
. . 20
* Big crossing angle. )
2 1s p
cEp tan—- S0
V ELECTRON BUNCH Ec%
T G I
waV ﬁxﬁx y . = CRABBED
y[mnimmti , - o~ 70,0005 T 400 600 300 1000 1200 1400
0.000011'\]‘;;\"\‘ /0.»000 < [ml B—Function at the Crabbing Place [m]
z[m“]'“" \")‘_‘(E\ /" 0.0005
Parameter Units Electron Proton
Beam energy £, GeV 5 60
Bunch frequency n,, MHz 750.0
Crossing angle ¢, mrad 50
Betatron function at the IP 5, cm 10
Betatron fn. at the crab cavity < m 300 1400
Integrated kicking voltage V1 MV 8
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“New” Crab Cavities for MEIC

o Up to 100 GeV polarized protons and 10
GeV polarized electrons

o L~7.5 % 1033cm%s1

MEIC
Collider

Based on RFD design (SRF technology):

| 100 GeV proton 10 GeV e-

freq [MHZz]
Neavities 6 2
Vet [MV] 14.48 1.76
Electron Injector lon Source{)
Full crossing angle 8¢=50 mrad 12 GeV CEBAF ) Hali D

Halls A, B, C

o Horizontal local crabbing scheme
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Simplified IR Layout

- Simplifying for both electrons and protons a

symmetric IR with respect to the IP

forward e- detection

o | m
M |||W+

Compton
polarimetry

local crab
cavities
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*MEIC Design Summary (2015).
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Linear Crabbing Matrix

¢ MiXing Of x, With Z and Z, With x. ELECTRON BUNCH 3D @IP
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x' [rad]

6.x10°¢

4.x10°¢

2.x107°} |

-2.x107¢
-4.x107°
-6.x107¢
-8.x107¢

Linear Crabbing Matrix (2)

- Instantaneous change on x’ not x at the crab.

 Exchange of x’< x throughout the drift.

ELECTRONS BEFORE CRAB

z[m]

ELECTRONS BEFORE CRAB
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A. Castilla
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X [m]
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FFB and Phase Advance

All cases In the literature assume Ay, , = m, then in the

transfer matrix from the 1stto 2" crab my, = 0.
But, comparing the transfer matrices:
» One obtained from direct matrix multiplication (RHS)..

» Other using the Courant Snyder parameterization (LHS).

myy = /Bc1Bcz Sin(A,q2) = 2D
So sin(AY,2) = 0, implies /B¢1Bc2 — o, where 2D

denotes the distance from one crab to the other.
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Synchro-Betatron Coupling

A

[I [I Drift = 7m W Drift = 7m >I:I [I
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Synchro-Betatron Coupling (2)

A
() | ) S Eurereemd [|

$ - $ “

XZ-Angle for Electrons Before IR XZ-Angle for Electrons At IP XZ~Angle for Electrons After IR
. . T g 5.x10% T T T T 5.x10-¢ . T .

« Synchrotron fractional tune present in the

Xz-correlation due to crabbing.
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Transverse Coupling

« Solenoids between the crabs and the IP will cause
vertical and horizontal coupling, this will have a

repercussion on the crabbing angle.

R A\ R
[0 ese P eew [ ]
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Transverse Coupling (2)

 The solenoid strength Bg,; = KL, where L

is the solenoid length, K = qzs"l with q the
particle charge, and P its momentum.

_ MIXING ANGLE

0.3 //

0 23 / ] mc's@5GeV
. /’ | m p's @60GeV
0.1 /, :

0.0 o
0 1 2 3 4 5

Bsa [T]
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KL [rad]

Transverse coupling ‘
at the IP
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Twin Crabs

« The simplest solution is to rotate the crab by the

proper KL angle, for a fixed value of Bg,,.

« If the solenoid strength needs to be cover arange,

a solution is a superposition of kicks: “twin

crabs”. .
? X
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* If not compensated, the
crabbing correction “leaks”

to the transverse plane.

p—
£
e
N

Twin Crabs (2)

Using the twin crabs:

ELECTRON BUNCH eIP

5.x107*"
25x 1074
0.
~25%x107*"
—5.x 107
~7.5x 1074

X [m]

A. Castilla
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Particle Tracking

 We find the ring (no IR) linear transfer matrix with

MADX.

 Describing the IR with standard linear elements In

ELEGANT and the ring as the zero-length transfer

matrix.

« The crabs as RF multipole at zero-crossing, (i.e.

MRFDF with ¢ = 270°).

ci=dd

A. Castilla

IC collaboration meeting, 5-7 Oct 2015.

22

/%D



RED
IR Layout (protons)

The crabs are the only non-linear elements in this

model.
M [ ]
NN L[ L]
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B~ B D :
L _0.005
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s (m)
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Tracking w Crabbing (2)

« 1sthalf of the IR, crabbing.
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theta_c (rad)

Sigma_x (m)
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Tracking w Crabbing (3)

Pure Dipole
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Non Linear Analysis

Target Errors for the LHC

g g 0.315 E-
Next steps with Sextupoles + ~ g
crab cavities: -
—_— Freq uen Cy Map AnalyS|S ) 0288 Jc% 028 0265 027 0275 028 0285 020 0295
— Diffusion Map Analysis.
ol
Y. Papaphilipou, Target errors in the LHC. B °t
http://arxiv.org/pdf/1406.1545.pdf s S R

n

0 2z 4 6 & 10 1z e . 0 T 8 8 10 12 14 e
Horizontal Position (o) Horizontal Position (o)
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Thanks

MEIC collaboration meeting, 5-7 Oct 2015.
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How Does It Looks Like? *°
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/50 MHz Crabbing Cavity

Q, MEIC 750 MHz Cryotests

750 MHz Crab Cryotests with Multipacting Analysis

A. Castilla

o Multfpactl:ng 1::j order -
oo it o
PY 4K 2 gglt‘it;:(actingﬁhorder L 2500
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Transverse Coupling (...)

 The solenoid strength Bg,; = KL, where L

IS the solenoid length, K =

particle charge, and P its momentum.

Transverse coupling
at the IP

A. Castilla

__ qBgy

—

, With g the

KL

RED

Kcoup

=
(.
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ELEGANT MRFDF

o

Parameter Name Units | Type | Default Description

FACTOR double | 1 A factor to multiple all com-
ponents with.

TILT RAD | double | 0.0 rotation about longitudinal
axis

Al V/m | double | 0.0 Vertically-deflecting dipole

A2 V/m? | double | 0.0 Skew quadrupole

A3 V/m? | double | 0.0 Skew sextupole

A4 V/m?* | double | 0.0 Skew octupole

A5 V/m® | double | 0.0 Skew decapole

Bl V/m | double | 0.0 Horizontally-deflecting dipole

B2 V/m? | double | 0.0 Normal quadrupole

B3 V/m? | double | 0.0 Normal sextupole

B4 V/m?* | double | 0.0 Normal octupole

B5 V/m?® | double | 0.0 Normal decapole

FREQUENCY1 HZ double | 2856000000 | Dipole frequency

FREQUENCY?2 HZ double | 2856000000 | Quadrupole frequency

FREQUENCY3 Hz double | 2856000000 | Sextupole frequency

FREQUENCY4 HZ double | 2856000000 | Octupole frequency

FREQUENCY5 Hz double | 2856000000 | Decapole [requency

PHASEI HZ double | 0.0 Dipole phase

PHASE2 HZ double | 0.0 Quadrupole phase

PHASE3 HZ double | 0.0 Sextupole phase

PHASEA4 HZ double | 0.0 Octupole phase

PHASES HZ double | 0.0 Decapole phase

PHASE_REFERENCE long 0 phase  reference  number
(to link with other time-
dependent elements)

*ANL-ELEGANT USER MANUAL
A. Castilla

MEIC collaboration meeting, 5-7 Oct 2015.
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http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/manuals/elegant_latest/elegant.pdf

RED

ELEGANT MRFDF (2)

 The (2*1)th-pole component b; is defined as:

5
e b; .
e =23 3 22kt sty

c2 L k;

i=1

where
/ Apy
Ax" = 0, Px/z ﬁx/zy ’

and

ko=

| A ﬁc

34
A. Castilla MEIC collaboration meeting, 5-7 Oct 2015.



