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The Cool Copper Collider (C3)
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Parameter Value

Cryocooled temperature 77 K

Length 8 km

Center of mass energy 250 GeV

Number of bunches 133

Charge per bunch 1nC

Bunch spacing 5.25 ns (30 RF cycles)
Field gradient 70 MV/m
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C3 main linac

2.3 km main linac =TT T =TT === ===

253 cryomodules \ |

e

Cryomodule

2.3 m raft [I \( IQJ » Total length: 2.3-kilometer

 C3 main linac consists of

e 253 cryomodules

1 m 40 cells RF structure * 4 rafts in each cryomodule, 2.3-meter each

e « N L i s e A = = 2 = 2

* 2 RF structures in each raft, 1-meter each

* 1 quad in each raft, 0.15-meter each
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C3 main linac
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Parameter Initial value Target value

Beam energy
Emittance x, y
Energy spread
Bunch length

Charge, # of
bunches

Bunch spacing

Field gradient
RF frequency

Quad length

10 GeV
775,10 nm
1.5%

100 um
1nC, 133

5.25 ns (30 RF
cycles)

70 MV/m

5.712 GHz, C-
band

15cm

125 GeV
900, 20 nm
0.36%

100 um
1nC, 133

N/A

N/A
N/A

N/A



C3 accelerating structure

* Based on distributed coupling structure

e Aperture radius = 3.55mm

* The current design has 40 cellsina 1
meter structure

* Accelerating gradient of 70 MV/m

* Please check Zenghai Li’s talk for details on
designing the accelerating structure
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C3 main linac beam optics

« FODO lattice with logarithmic phase advance

« Keep L, (length of quads) the same
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Single-bunch beam dynamics
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Short-range wakefields

«  Wakefields from head particles affect tail particles

* Longitudinal wakefield increases energy spread within
the bunch

* Transverse wakefield kicks the beam away from the
design trajectory and leads to instability

beam direction

S

Wakefields affecting particles behind
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BNS damping

 BNS damping is a method to suppress transverse instability
by adjusting RF phases to have differences in energy within

the bunch

* Increase the energy spread -> suppress instability ->
emittance growth

Higher energy head
particles experience
lower magnetic

focusing
Beam direction

—

Lower energy tail
particles experience
greater magnetic
focusing
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BNS damping

 Employ 3 stages of RF phase configuration

« Trade off between energy spread and emittance growth

« Config 3 is the nominal configuration that we choose
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3 stages of RF phase configuration
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Beam injection tolerance

« Beam is assumed to have 10nm emittance
* Aim at 10% emittance growth, 11nm

What is the beam injection offset that we can
afford?

* Simulate the beam dynamics with different
initial offset
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Vibration tolerance

« Beamline components (quads, accelerating structures) are subjected to vibration
* What is the vibration level that we can afford?
* Run 100 simulations with random offsets for quads and accelerating structures

 Use 90% confidence level as the tolerance

Perfectly aligned Misaligned due to vibrations

e e ) | ey
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C3

Vibration tolerance of accelerating structures

* 10 micron or less is required to have 90%

confidence level for 11nm or lower 22 4 —»— 90% confidence level
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Vibration tolerance of quads

10 nm or less is required to have 90%

confidence level for 11nm or lower 24 -

emittance 29
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C3

2

Multi-bunch beam dynamics
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Long-range wakefields

Long-range wakefields from leading bunches affect trailing bunches
Longitudinal wakefields increase the energy spread

Transverse wakefield kicks the beam away from the design trajectory and leads to instability

Leading bunch
-l @G> aEaaEh>» @

U

Wakefields affecting bunches behind

Direction
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Long-range wakefields damping

wn

Waveguide slot with NiCr absorbers is used to

provide damping

Courtesy of Dongsung Kim, Haoran Xu, Evgenya

Simakov from LANL

Please check Evgenya Simakov’s talk for details

1 AR
NS

_—

Impedance boundary
(NiCr: 1E6 S/m)

a: 22 mm (fixed)
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Long-range wakefields damping

* Three designs for damping slot were explored

1. Single waveguide slot lc:ZSOum ld;zsoum

2. Single, tapered waveguide slot T T

3. Two, tapered waveguide slo

d: 50 um or 0.5 um

!
! !

c: 250 um
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Long-range wakefields damping

* Two, tapered waveguide slot E 20000
Ll X
« Reduced in kick factors for certain frequency bands E 15000 -
5
. 10000 - X
o
S X
% 5000 - X X x X >
X 0
= 10 15 20 25 30 35 40
Frequency (GHz)
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Long-range wakefields

« Long-range higher-order modes (HOMs) E no wavegquide slot
wakefields are causing emittance growth along g 400007 » waveguide slot
the bunch train E y .
. : £
Notably the transverse wakefields > 20000 - ) . X ) x
* The current slot damping result is provided by £ X X X % - i‘
Dongsung Kim from LANL * ¥ % ox x 5%
- 04 x& =
10 20 30 40

frequency (GHz)
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Multi bunches beam dynamics

« Two, tapered waveguide slot Initial value Target value

- Elegant simulations Beam energy 10 GeV 125 GeV
* Only long-range transverse wakefields EISEER o8 Y | 298, 10 200, 20
. . Bunch length 100 pm 100 pm
* Assume perfectly aligned lattice
Charge, # of 1nC, 133 1nC, 133
« Bunches are misaligned randomly with 0.8 um RMS bunches
« ldentify frequency bands that need detuning or further Bunch spacing 5.25ns (30 RF N/A
damping cycles)
 Estimate the required detuning width # of particles 1000 N/A
per bunch
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|dentify frequency bands that need detuning

* Emittance growth along the bunch train

 Bunches oscillate at sub-harmonic of 17.4
GHz and 24.1 GHz bands

—— average g
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|dentify frequency bands that need detuning

. ) E 20000
* Emittance growth along the bunch train E
g
* Bunches oscillate at sub-harmonic of 17.4 % 15000 1
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Identify frequency bands that need detuning

wn

Why do the bunches oscillate at
these frequencies?
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c3

|dentify frequency bands that need detuning

two bands?

bands

ol As>
P b M\

TID RFAR @

What if we artificially remove these

The emittance growth
is significantly suppressed after removing these
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|dentify frequency bands that need detuning

growth
S AZ TIDRFAR @

Six frequency bands were identified

Gaussian detuning were applied to investigate the
required frequency width to suppress the emittance

Los Alamos
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Gaussian detuning

» Gaussian detuning were applied to investigate the
required frequency width to suppress the emittance

growth
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Multi bunches beam dynamics with detuning

« Emittance growth can be suppressed 11.5 - 15 g
‘g =
* 40 to 80 MHz rms frequency width is needed for E s
. 5 11.0 5
detuning % E
1b]
4o 2
= 10.5 1
= g
o =
10.0 A E

0 25 50 75 100 125
bunch number

gaussian detuning

| 1.0

~ 30-

: 10,5

E 25 1 | N

z 207 N 40 60 80 100

e . -

E 15-

v — . L
10 1 — _I - T T - |- —

20 40 60 80 100

detuned fregeuncy RMS width (MHz)

C SLAS Torear @ losAlamos 28



c3

Summary

Frequency bands that are detrimental to emittance are identified
* The amount of detuning were estimated using Gaussian detuning
* Results will be used to refine the design of the RF structure

* Please check these talks
o Zenghai Li’s talk on RF design
o Evgenya Simakov's talk on detuning

o Matt Andorf’s talk on damping ring
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