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Structure parameters

e CLIC L-band parameters

Parameter Unit BCl1
Structure name CLIC L-band
RF frequency GHz 1.999
Structure length m 1.5
Number of cells 30
Phase advance per cell — ° 120
Working RF phase © 90
First iris radius min 20
Last iris radius mim 14
First iris thickness mm 8
Last iris thickness mm 8

* BL lattice (baseline)

e 8 structures per FODO cell

* Distance between quadrupoles: 7.5 m

e 272 structures. G = 15.089 MV/m
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e CLIC RTML beam parameters

Parameter Unit  Entrance  Exit
Number of bunches per train 352
Number of particles per bunch 5.2 x 10°
Beam energy GeV 2.86 9
Bunch length (o) pm 1800 ~T70
Energy spread (og/E) % 0.12 < 1.7
Horizontal emittance (e, ) nm-rad 700 < 800
Vertical emittance (¢p y) nm-rad 5 < 6
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Jitter definition and tolerance



Test O

* No tracking. Average of 5 randomly jittered trains (352 random bunches per train)

* Plotting

E.g. ) =0.10, means, <x,px> = 0.10*o(x, px)

a) projected emittance growth as a function of jitter

b) jitter tolerance forx & y
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Jitter tolerance definition in this case:
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Test O

* No tracking. Average of 5 randomly jittered trains (352 random bunches per train)

* Plotting

* () jitter amplification tolerance for x & y
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Jitter amplification tolerance definition in this case:
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Short-range wakefield effect



Test 1

* Short-range wakefield effect in BL. Full single bunch tracking simulation

* Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

 Jitter amplification factor definition in this case:

Afinal
A

_ Jfinal

F

Jinitial initial

Short-range wakefield effect

J: jitter, A: action (area)
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Long-range wakefield effect — kick on
next bunch only



Test 2

.0

* Long-range wakefield effect in BL. Single particle calculation using Daniel’s formulae

* Transverse kick on next bunch only (a, = 0 when k # 1)

« Jitter amplification factor definition in this case:

FR5RFP055 Proceedings of PAC09, Vancouver, BC, Canada

MULTI-BUNCH CALCULATIONS IN THE CLIC MAIN LINAC 8F

D. Schulte*, CERN, Geneva, Switzerland
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Test 2.1.1a

Long-range wakefield effect in BL. Single particle tracking simulation
Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)
Transverse kick on next bunch only. Coherent jitter with 8 specific trains (like Test 1)

Jitter amplification factor definition in this case: Using average F of all bunches

Afinal

FC
A

1 ; 1
= , where F = Jiinal _
F w=0 N bunches ] initial N bunches

A: action (area)
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Test 2.1.1b

Long-range wakefield effect in BL. Single particle tracking simulation

Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

Transverse kick on next bunch only. Coherent jitter with 8 specific trains (like Test 1)

» Jitter amplification factor definition in this case: Using maximum F of all bunches
F _ FW:#O h F _ ]final _ . .
¢ =5~ , where F = maXpunches = MaXpynches A: action (area)
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Test 2.1.2a

* Long-range wakefield effect in BL. Single particle tracking simulation
» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)
* Transverse kick on next bunch only. Incoherent jitter with 1000 random trains

* Jitter amplification factor definition in this case: Using average F of all bunches

F 1 ; 1 A .
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Test 2.1.2b

* Long-range wakefield effect in BL. Single particle tracking simulation
» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)
* Transverse kick on next bunch only. Incoherent jitter with 1000 random trains

 Jitter amplification factor definition in this case: Using maximum F of all bunches

_ Fwzo _ Jtinal \ _ Afinal A: action (area
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» Jitter amplification factor definition in this case:

Yongke ZHAO

Test 2.2.1a

Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

Transverse kick on next bunch only. Coherent jitter with 8 specific trains
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F.=—— , where F =
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Test 2.2.1a (checking vertical plane)

* Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x,px)

Transverse kick on next bunch only. Coherent jitter with 8 specific trains

Jitter amplification factor definition in this case: Using average F of all bunches

Fwzo 1 Jfinal 1 Afinal -
F.=—= , where F = = —Hna A: action (area)
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Test 2.2.1b

* Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)
* Transverse kick on next bunch only. Coherent jitter with 8 specific trains

« Jitter amplification factor definition in this case: Using maximum F of all bunches

F. = Fw=o Afinal A: action (area)
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Test 2.2.2.1a

Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)
Transverse kick on next bunch only. Incoherent jitter with 100 random trains

Jitter amplification factor definition in this case: Using average F of all bunches

F 1 i 1 A . ;
Frps = 222, where F = Jfinal _ final A: action (area) of bunch centers
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Test 2.2.2.1b

* Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

* Transverse kick on next bunch only. Incoherent jitter with 100 random trains

* Jitter amplification factor definition in this case: Using maximum F of all bunches
Fwzo Jfinal Afinal
F = where F = max ( ) = max —a .
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Test 2.2.2.2a

* Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

* Transverse kick on next bunch only. Incoherent jitter with 100 random trains

» Jitter amplification factor definition in this case: Using average F of all bunches
i
otal . .
initi l - = mas :
F _ Fwso where F — 1 Jtinal _ 1 é’i’ﬁgf‘e B 1 gfinal_ glslllllllgi:lel E€otals Projected emittance of
ms  Fy—o ’ Npunches < Jinitial  Nbunches gitgit;ilal_ Npunches g;g;gf‘l—gls‘i‘;lgf‘g all trains for same bunch
Eé‘i‘ﬁtéf‘é Esingle: SiNgle bunch emittance

In progress ...
Seems quite difficult. Need to store very huge data on disk and much
longer time for each train or Condor job. | will see if it’s possible.
Instead of using projected emittance of all trains, it’s much easier to use
projected emittance of all bunches in a train, where | just need to store a

number instead of all bunches. See Test 2.2.2.3.
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Test 2.2.2.2b

* Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

* Transverse kick on next bunch only. Incoherent jitter with 100 random trains

» Jitter amplification factor definition in this case: Using maximum F of all bunches
final
F ] g;°i—§‘fl.—1 gfinal _initia E€otals Projected emittance of
— Iw=0 — final | _ single — ‘total“single
Frms - Fweo ' where F MaXpunches (]inmal) MaXpunches it‘.}ié.if" MaXpyunches {2;;11;;1_ ;I;I;glael all trains for same bunch
“initial

niti o ,
single Esingle: SiNgle bunch emittance

In progress ...
Seems quite difficult. Need to store very huge data on disk and much
longer time for each train or Condor job. | will see if it’s possible.
Instead of using projected emittance of all trains, it’s much easier to use
projected emittance of all bunches in a train, where | just need to store a

number instead of all bunches. See Test 2.2.2.3.
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Test 2.2.2.3a

* Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

» Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x, px)

* Transverse kick on next bunch only. Incoherent jitter with 100 random trains

» Jitter amplification factor definition in this case:

Using average F of all trains

final
mitiar~ 1 jected emitt f
initial final _ _initial €., Projected emittance o
F _ Fyzo h F = 1 Jfinal _ 1 Esingle _ 1 gtotal_gsingle total
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X X
22t "’\ 257
. S e ; *
2 / : 2 — i S P wel
| 15 ‘ ‘
£ 2 [ H
= £
L 16} W
: M
1.4 H
1.2+ 05+1 |
o W, = -5.0 V/pC/m/mm
1 ] I — . | o W; = 5.0 V/pC/m/mm
6 -4 -2 0 2 4 6 o~ ) ,
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Train number

F = 0 means job is killed probably due to long simulation

time. Not considered in calculation
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Frms_

Test 2.2.2.3b

Long-range wakefield effect in BL. Full bunch tracking simulation. Short-range wake considered

Jitter considered: J = 0.10, that is, <x,px> = 0.10*o(x,px)
Transverse kick on next bunch only. Incoherent jitter with 100 random trains

Jitter amplification factor definition in this case: Using maximum F of all trains

final
total _
initial

E€otals Projected emittance of

final _ _initial

Fy=o Jfinal single €total ~ Esingle
= —— , where F = maxX,,; (—) = MaXyai = MaX{rai Al imiial :
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~ . . . .
Fx,rms 2.4 @ 15 V/pC/m/mm time. Not considered in calculation
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* Using wakefield directly from Ednan:

5

1
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Test 3.0

— Full wakefield
e Wakefield on bunches -
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Single particle calculation using Daniel’s
formulae. Same definitions and

conifgurations as Test 2.0
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Test 3.1

Using wakefield directly from Ednan:

W, [V/pC/m/mm]

— Full wakefield

e Wakefield on bunches -

0 50 100

F

150 200 250
t[ns]

X,rms
X

Coherent

10°
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10’

300

Foc=5.1 (average) or 22.5 (maximum)

10?
Bunch number

Full bunch tracking simulation. Same

definitions and conifgurations as Test 2.2.1

and Test 2.2.2.1

Sum(Abs(W)) = 540.52 V/pC/m/mm

Large jitter amplifications!

= 26.2 (average) or 62.2 (maximum)
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Test 3.2 — Wake scan

* Wake formula assumption:

k
Wl(t)=ﬁ' t>T =0.5ns

1+

a

2.5 1 — Wakefield ]
| —W;=23/(1+(t-T)/20) |

W, [V/pC/m/mm]

0 50 100 150 200 250 300
t [ns]
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Test 3.2 — Wake scan

* Range

e k:[0:1:5] V/pC/m/mm

* alpha: [10:10:50] ns

k

t—T
14—

Wi =

Coherent

Average
Fe, X 1000
50 | 1000 21000 >1000 21000 210 507
800
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— 600 [
[%2]
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o o
400
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200
10 | 90 21000 >1000 >1000 210 10 ¢
0 4 5 0

2 3
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Fe, X
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t>T =0.5ns

210
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=10

63 =1000 21000 =1000 =1G;

1 2 3
k [V/pC/m/mm]

4

5

Full bunch tracking simulation. Same definitions

and conifgurations as Test 2.2.1 and Test 2.2.2.3

(but only 10 trains simulated)

Sum(Abs(W))
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50 |
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40 f
600
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400
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200
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0 2 3 4 5
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Average Maximum
1000 o Frms, X 100C Frms, X
50 | 749,99 >1000 >1000 >1000 =1¢ L 749.99 >1000 >1000 >1000 10
800
40 t 545111 >1000 >1000 1000 =10 t 68318 21000 21000 21000 210
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(%]
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o
400
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1 2 3 4
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Very very large jitter amplifications!
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Summary (table in next slide)

Test 0: general study. Jitter budgets are 0.20 for x and 0.66 for y (assuming projected emittance budgets are same with budget numbers in PIP report).
Jitter amplification (F) budgets are plotted as functions of initial jitter, e.g. Fx <4, Fy <12 @ 0.056, Fx < 2, Fy<5 @ 0.1¢

Test 1: F = 0.995 due to short-range wakefield for full bunch tracking (w/ BNS damping)

Test 2.0: F plotted as kick on next bunch only using Daniel’s analytic formulae for single particle, for x. E.g. Fc = 1.06, Frms = 32, Fworst =178 @ 5

V/pC/m/mm

Test 2.1.1a: Fc (average of all bunches) plotted as kick on next bunch only for single particle tracking, using action (area), for x. E.g. Fc=0.996 @ 5
V/pC/m/mm

Test 2.1.1b: Fc (maximum of all bunches) plotted as kick on next bunch only for single particle tracking, using action (area), for x. E.g. Fc=2.0 @ 5
V/pC/m/mm

Test 2.1.2a: Frms (average of all bunches) plotted as kick on next bunch only for single particle tracking, using action (area), for x. E.g. Frms =2.4 @ 5
V/pC/m/mm

Test 2.1.2b: Frms (maximum of all bunches) plotted as kick on next bunch only for single particle tracking, using action (area), for x. E.g. FFms =2.7 @ 5
V/pC/m/mm

Test 2.2.1a: Fc (average of all bunches) plotted as kick on next bunch only for full bunch tracking, using action (area), for x. E.g. Fc=1.01 @ 5
V/pC/m/mm

Test 2.2.1b: Fc (maximum of all bunches) plotted as kick on next bunch only for full bunch tracking, using action (area), for x. E.g. Fc=2.0 @ 5
V/pC/m/mm

Test 2.2.2.1a: Frms (average of all bunches) plotted as kick on next bunch only for full bunch tracking, using action (area), for x. E.g. Frms =25 @5
V/pC/m/mm

Test 2.2.2.1b: Frms (maximum of all bunches) plotted as kick on next bunch only for full bunch tracking, using action (area), for x. E.g. Frms =3.7 @ 5
V/pC/m/mm

Test 2.2.2.2a and Test 2.2.2.2b (average and maximum of all bunches) using projected emittance of all trains in progress (seems difficult technically)
Test 2.2.2.1a: Frms (average of all trains) plotted as kick on next bunch only for full bunch tracking, using projected emittance of all bunches, for x. E.g.
Frms =2.2 @ 5V/pC/m/mm

Test 2.2.2.1a: Frms (maximum of all trains) plotted as kick on next bunch only for full bunch tracking, using projected emittance of all bunches, for x. E.g.
Frms =2.4 @ 5V/pC/m/mm

Test 3.0: F calculated using Daniel’s analytic formulae for single particle calculation, with full wakefield map, for x. E.g. Fc = 1.0E+07, Frms = 1.0E+09,
Fworst = 3.6E+11

Test 3.1: F estimated for full bunch tracking, with full wakefield map, and plotted as function of bunch number, for x. E.g. Fc = 5.1 (average) or 22.5
(maximum), Frms = 26.2 (average) or 62.2 (maximum)

Test 3.2: F estimated for full bunch tracking, with wakefield envelop assumption, and plotted as function of parameters 2D scan, for x. Very very large F
is found

Yongke ZHAO CLIC injector discussion 28



Summary table

F for x @ 5 V/pC/m/mm due to long-range wake (with
kick on next bunch only)

Analytic usingDaniel’s formulae 1.06 32 178
. . . 0.996 (average) 2.4 (average)

Single particle tracking 2.0 (maximum) 2.7 (maximum)

Full bunch tracking - Using action for Frms (100 trains, 1.01 (average) 2.5 (average) _

to increase statistics?) 2.0 (maximum) 3.7 (maximum)

Full bunch tracking - Using projected emittance for
Frms — Using projection emittance of all trains

- In progress (difficult)

Full bunch tracking - Using projected emittance for i 2.2 (average) i
Frms — Using projection emittance of all bunches 2.4 (maximum)
Analytic usingDaniel’s formulae 1.0E+07 1.0E+09 3.6E+11

Single particle tracking - - -

Full bunch tracking - Using action for Frms (100 trains, 5.1 (average) 26.2 (average)
to increase statistics?) 22.5 (maximum) 62.2 (maximum)

Full bunch tracking - Using action for Frms (10 trains,
to increase statistics?)

>> 100 >> 100 -
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Conclusions & open questions

How to estimate budgets for jitter amplifications?
How to define jitter amplification? Action or projected emittance? Square root or not?

How to estimate jitter amplification? Formula, single particle tracking or full bunch

tracking (statistic for full bunch might be low, need to increase)? Average or maximum?
Do we need to estimate Fworst from simulation? How? And budgets for Fworst?

Small kick on next bunch only seems not a very big problem? E.g. Wt(next bunch) <3

V/pC/m/mm?

Full wakefield or using full envelope is very problematic with very huge jitter

amplifications, for current situation. Damping seems necessary?
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