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Presentation outline

• Case: CLIC PETS power production

• PETS simulations versus PLACET models

• Power extraction and long. dynamics with PLACET

• Transverse dynamics with PLACET



CASE: Drive beam deceleration

(H. Braun, 2/2/07)

• CLIC 12 GHz

• Each linac: 17 drive beam sectors

• Each sector 780 m long: 600 units containing two PETS and one
quad



Schematic view of one unit:

3D views (I. Syratchev, S. Heikkinen):



Power production

• A source particle qs generates wake �elds in the PETS

• A witness particle qw, following at a distance z, is decelerated by its
own �eld + �elds from leading particles

• The total deceleration of qS is given by

∫ lcav

0
FL(z)ds ≈ −qsqwwL(z)

where wL(z) is the longitudinal monopole wake function (normalized) -
the �δ-wake� (h.o.ms ignored here)



E�ect of group velocity

• PETS: �eld is travelling with a group velocity βLc

• This leads to

� factor 1
1−βL

(concentration of wake �eld)

� catch-up distance for the trailing bunch

• Catch up distance: z βL
1−βL

, the e�ective distance is reduced by a
factor (L− z βL

1−βL
)/L



PETS modelling and PLACET input: WL

• PETS modelled with Gd�dL (I. Syratchev)

• A single mode monopole wake is simulated

• For a given PETS structure R′/Q, βL and λL are calculated, and
taken as input for PLACET simulations

• The longitudinal wake function is then:

WδL(z) = ωL
R′

Q

1

1− βL
cos(ωL

z

c
)(L− z

βL

1− βL
)[V/C]



PLACET simulations
One CLIC Drive Beam sector deceleration simulation has been modelled

• 1 sector - 600 units with 2 PETS and one quadrupole in each unit

• PETS with long. monopole wake and transverse dipole wake

• A sliced drive beam is de�ned



Beam deceleration and power calculations

• Long. wake parameters: R
Q = 1130Ω/m,βL = 0.453, fL = 11.99GHz

• Initial beam: bunched beam with nb = 200,σ = 1000µm, I = 99.9A, E0 =

2.5GeV (�at initial energy pro�le - 90% �nal spread)

• Distance between bunch centres: z = nd, d = c
11.99GHz = 25mm
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Power extraction e�ciency

• For the nominal situation with λL = λext = c
11.99GHz :

P = UfIf = (
π

2λL
)
R′

Q
l2cavI2F2(σ)

1

βg

• long. parameters as above: lcav = 0.25mm gives power production
of P = 174MW (as required by HDS)

• power extraction e�ciency ˙
ε = Pout

Pin
= P [W ]×Ncav

Ee[eV ]×I[A] = S× P [W ]
∆Ecav[eV ]×Itrain[A]
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Introducting detuning

• Emin is shifted towards end of bunch due to single-bunch wake

• compensate by shifting bunch forward in time wrt. wake -> λT < d

- adjusting λT one can �nd a maximum for ε
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Parameter optimization:
longitudinal



Parameters
Parameters of interest for power production (nom)

P 174.0 MW Cavity steady state power output
E0 2.5 GeV Initial beam energy
S 90.0 % Max �nal energy spread
I 99.9 A Current

lcav 0.25 m Cavity length
λL 25.0 mm Longitudinal mode wavelength (11.99GHz)
ε 84.8 % Power Extraction E�ciency coe�cient

Relations:
P = P (λL, I, lcav) ∝ I2,∝ l2cav

E0 = E0(λL, S,I, lcav) ∝ I,∝ l2cav,∝ (1/S)

and

ε(P, E0, I) =
P [W ]×Ncav

E0[eV ]× I[A]
= S × P [W ]

∆Ecav[eV ]× Itrain[A]



Fixed parameters

• We �x:

� P = 174MW (requirement from main linac)

� S=90% (wanted for beam stability)

• Still two degrees of freedom, shared between lcav,I, E0 and λL. We
also �x:

• E0 = 2.5GeV (compromise SR e�ects and beam rigidity)

leaving one degree of freedom



Working points

With one further constraint we �nd two working points:

• Con�g A) Without detuning:

INPUT: P = 174MW ,S = 90%,E0 = 2.5GeV , λL = 25.0mm

OUTPUT: lcav = 24.82cm, I = 98.1A, ε = 84.8%

• Con�g B) Optimal detuning:

INPUT: P = 174MW ,S = 90%,E0 = 2.5Gev, ε = εmax(= 87.6%)

OUTPUT: lcav = 25.86cm, I = 95.9A, λL = 24.75mm

(To be used for the transverse studies)



Transverse dynamics



Transverse instabilities

• A source particle qs induces wake �elds in PETS cavity

• A witness particle qw, following at a distance z, is kicked by the �elds
from leading particles

• The total transverse force on qw is given by (1D)

∫ lcav

0
Fy(z)ds ≈ −∆yqsqwwT (z)

where wT (z) is the transverse dipole wake function - the �δ-wake�
(h.o.ms ignored here)



PETS modelling and PLACET input: WT

• PETS are modelled with Gd�dL (I. Syratchev)

• For a given PETS structure, the transverse δ-wake / impedance is
calculated



PETS modelling and PLACET input: WT

• Multiple modes identi�ed from Gd�dL calc

• For each mode, wTi
,Qi,fTi

, βTi
are identi�ed

• The total wake function for each mode thus:

WTi
(z) = wTi

sin(ω
z

c
)(L− zij

βT

1− βT
)e−zω/2cQ(1−βT )[V/Cm]

• Transverse kick of qw :

∆y′w = Σ
modes

∆py,w

mwc
= Σ

modes
ys

qsqw

Ew
WδT (z)[rad]



Beam blow-up

• Metric used: 3− sigma beam envelope at end of lattice

• Initial conditions: beam with initial static o�set + jitter at the trans-
verse resonance frequency

• Beam blow-up depends on z/λTi
: sin(2π

λTi
z) = 0 ⇒ z = n

2λT ⇒ fT =
n
212GHz (zeros)

• Dominant transverse mode simulated: wT = 7V/pCm/mm,Q =
8.2,βT = 0.475
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Con�g A, w and Q scaling
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Con�g A, w and Q scaling
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Beam blow up: illustration of coherence
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Beam blow up: illustration of coherence
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Beam blow up: illustration of coherence
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Beam blow up: illustration of coherence
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Beam blow up: detuning versus coherence
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• Detuned working point: less energy spread around centre

• Might need to compromize e�eciency and transverse stability



Improvement of transverse envelope: 2nd
harmonic

• Bunch spacing increased by �lling every second bucket

• Now zero-crossings at: fT = n
26GHz
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• Two new working points de�ned, con�g C and con�g D



Con�g C, w and Q scaling

 4

 6

 8

 10

 12

 14

 16

 18

 20

 10  11  12  13  14  15  16  17  18

3-
si

gm
a 

be
am

 e
nv

el
op

e 
[m

m
]

fT [GHz]

Max beam envelope for config C, w-scaling

1
1.5

2

 4

 6

 8

 10

 12

 14

 16

 18

 20

 10  11  12  13  14  15  16  17  18

3-
si

gm
a 

be
am

 e
nv

el
op

e 
[m

m
]

fT [GHz]

Max beam envelope for config C, Q-scaling

1
1.5

2

No detuning, d = 50mm No detuning, d = 50mm

Con�g D, w and Q scaling
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Further parameters to optimize...

• Bunch length
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Prelim. conclusions of PLACET studies

• can simulate longitudinal pro�le (improved power extraction)

• can identify dangerous transverse modes and safety margins

• can help optimize Drive Beam parameters working point



Future outlooks

• all sims so far for perfect Linac

� scattered elements

� beam based alignments

• similar studies for TBL

• better understanding of instability limits (analytic formulae)
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