The CLIC decelerator and the TBL

Beam Dynamics studies
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m Some results concerning alignment tolerances

m The decelerator versus the TBL

= What can / cannot be tested in the TBL (discussion
subject)
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The decelerator beam dynamics — brief overview



= Initial beam parameters:
m E,=2.5GeV
ml=96A
m d = 25 mm (bunch spacing, f, = 12 GHz)
m T= 300 ns (3564 bunches)
m Gaussian bunch, 6,= 1 mm

m gy =150 um
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m Allows to study precisely the effect of single-bunch +
multi-bunch wakes

m Beam model used here: sliced beam with a Gaussian
longitudinal profile

_ slice #i, weight #i

E—_

sigma_bunch

d_bunch

= wake acting on a given slice is simply the sum
contribution from all leading slices (multi- and single-
bunch effects treated on equal footing)



m Particles will feel parasitic loss and induce a wake field in
the PETS

m The wake field will interact with and further decelerate :
1) rear part of bunch (single-bunch effect)
2) following bunches (multi-bunch effect)
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m The integrated effect in a PETS on a witness particle due
to a source particle is given by
EC{I”U
, Fr(2)ds &~ —qsquwr,(2)
only the monopole wake, w, is considered



m R'/Q = 2295 Q/m (linac-convention)

m f,=11.99 GHz

= f,=0.453
m Beam energy profile after lattice: (initial: flat E,=2.5 GeV)

Energy distribution of the beam

Energy distribution of the beam
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m [he steady-state bunch profile depends on the multi-bunch effects

as well as the single-bunch effects

= Multi-bunch wake alone would form a symmetrical energy profile
(cosine-like wake function, combined with Gaussian distribution)

m Single-bunch wake: last part of the bunch will be more decelerated
than the first -> point of minimum energy shifted towards the end

Energy distribution of a bunch (steady-state)
11

! N S Energy <
0.9 N
0.8 S .
2 07 N /
S o6 N /
0.4 N N /
03} > o
0.2

-3000 -2000 -1000 0 1000 2000 3000
relative pos [um]

Particularity of the decelerator: the huge energy spread



m  We can express the steady state extraction efficiency as:
N =S X F(0) X Ngist

where for current CLIC parameters:
= S =90.0% (max energy spread)
B 1N =S XF(0)XNgst = 90.0 % x96.9 % x97.4 % =84.5 %

Energy distribution of a bunch (steady-state)
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m can be changed with detuning (ng4—1) : not discussed further here



P = 12XL s X F(6)* X(R'/Q) Xy, / 4V,

" cuc layout decides P per cavity (P = 147 MW)
" we iImpose S=90%
- (larger S: larger envelope, smaller S: smaller efficiency)
u Deciding initial energy (compromise rigidity, SR effects and more)
" This fixes PETS length and current (assuming fixed PETS type)

= “Independent” parameters: m “Derived” parameters:
m P =147 MW (power production) mi=96A
m S =90.0 % (energy spread) m L =23.1cm
mE,=25GeV m 1 = 84.6 % (extraction efficiency)

= d = 25 mm (bunch spacing, f, = 12 GHz)

m Gaussian bunch, ¢,=1 mm

= N = 50 (enough for steady-state situation to be reached).
m ey =150 um

(parameters of mid-2007)



Beam envelope along the lattice
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Beam envelope due to adiabatic undamping alone

lag = \/32ze +320-y2 ~ 3 2\/LFODO/28N IA-8)y,

(adiabatic envelope can be reduced/increased by
reducing/increasing S)
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Some results: envelope growth due to wakes and misalignment



e PETS are modelled with GdfidL (I. Syratchev)

e For a given PETS structure, the transverse d-wake / impedance is

calculated
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= A design target for the PETS is to ensure that beam jitter
are not amplified significantly due to transverse wakes
(and leading to beam blow-up)

For the PETS design a number of simulations has been
run (work with I. Syratchev)

Current PETS design: basically no problem for nominal
PETS parameters (both CLIC and TBL lattice checked)

3-sigma beam envelope [mm]
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mplification of jitter is actually reduced due
to the large energy spread:

Betatron variation (smooth approx.)

y [arbit. unit]
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s-s0[m]

Decoherent wake build-up: several times smaller beam-envelope than would be
the case otherwise
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Effect of component misalignment
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Now: will study the effect of misalignment of machine components

Each misalignment (PETS, Quads) studied separately

100 random machines simulated for each case. Metric: max. centroid offset, r_,

along lattice (of all machines)

The initial beam will be assumed on the reference orbit

Adiabatic effect is NOT included in order to study each effect separately (no

macroparticles distribution)

Total 3-sigma beam envelope will therefore be

= 3-sigma adiabatic envelope “+” centroid envelope : r 4 “+"r. ( where the “+" is only in worst

caseareal +)

BPM




wrt. PETS)
m We scatter the PETS in y: 6perg = {50 ... 500}um

Max centroid envelope, PETS dY
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m Prelim. criterion: centroid envelope <1 mm
= Opers < 200 um
with margin ~2 on Q: = Opgrs < 100 um
(corresponding PETS angle error contributions)

source



We scatter the quads iny: 6, = {1 ... 10}um

Max centroid envelope, Quad dY
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We see that without correction we should require a final pre-

alignment 6pers < 2 um (not feasible)
Solution: beam-based alignment (BBA)
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an eceleration station.
m cannot use lower energy beam due to beam stability
m higher initial energy beam not available

Trick: we can use a beam with lower current instead! Wakefields will
be lower and beam will quickly have higher energy — “PETS based
DFS”

Can either reduce bunch charge, or take out a number of bunches
(easier)

L ..., — — — ..

Results seems to be as good as for energy test beam

All results from now are run with optimal DFS weighting



Centroid envelope [mm]

Max centroid envelope, Quad dYp
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(NB:centroid envelope in the left plot, and full envelope in the right plot)



e PETS positioning misalignment : opgrs < 100pm (allows for some margin in the Q-factor)

e PETS angle error: opprs_s = Imrad

e (uadrupole initial positioning misalignment: ogueqd < 20pm
e BPM positioning misalignment: agpyy = 20pm

o BPM resolution: e < 10pm

o Chadrupole angle error tolerance is quite high

o Dispersion free steering with reduced current test-beams (eventually other effective beam
based alignment schemes) must be applied to the lattice, with initial 1-to-1 corrections

(preliminaray)
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Comparison decelerator and the TBL — what can be verified?

(discussion)



CTF3 complex
2B A-14 s

X € Delay Loop

Drive Bzam

e B Drive Beam Accelerator 158 pev .
ECTar

16 structures -3 &Hz -7 MV /m %

1

pp—— | [
ey ] I ] L
I:I-_l-n-l-" . =
| fl r I'I'-‘ aE ' T e
‘_I i J | HJL:JL‘\J\‘lm!n\;\Jﬁ\J -\.a\.;\a\.a\;\.:;\;;\;\. I:‘.
10 m 30 &Hz ond = = Y =
L | Pheta injector text area N s = s aam

PR

=+

ol
'y
3
RSO
e
U

e R
e e
i

1222 m

CALIFES probe beam r'ﬂj'ecfur

bbb R L L
T R
B e

e b e L L L
e

o
R R
e e

L

Oneunit(L=1.4m)

¥

I_PETS=0.8m

BFM

-
0.15 0.25
(0.15

active)

Coupler

BEFM

Lattice;

16 units of one of each:
 PETS + coupler

e Quad

 BPM



Somewhat different parameters:

CLIC:
EO~2.5GeV, | ~100A,t~300ns, 1~ 85% (S=90%), loers ~ 0.23m, Ppzrs ~ 150 MW

TBL:
EO ~ 150 MeV, | ~30 A, T~140ns, 1 ~ 61% (S~ 63%), |pers ~ 0.80m, Pperg ~ 170 MW

Still, the TBL will show the same
beam dynamics effects as the CLIC
decelerator:

* envelope growth

* decelerated energy profile



Beam envelope along the lattice
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we can get:

Spectrometer: here good energy measurement at end of lattice is very important for
benchmarking

= Verify power production P, efficiency n, energy spread, S
=  Detuning?

...with z-dependence?
m  Could we reproduce such plots with some accuracy that would really verify the models

Energy distribution of a bunch (steady-state)
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Verify beam envelope growth? : wose
m  beam size at end of lattice at least? oo
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Stendy state bunch enctgy profile

Verify minimum loss transport?

TBL length: a certain number of FODO units (some betatron oscillations for high
energy particles) will be needed to see the effect of energy decoherence

= but: how to really measure this effect, even if it is present?
= ...would need really good knowledge of all components,

as well as accurate measurements in order to extract the decoherence effect ool
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= Both CLIC and TBL sims shows the same type

of Improvement from Beam-Based Alignment
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m -> TBL could be an excellent test-bed for the

“PETS-based” DFS



m TBL beam dynamics has the same features of
the decelerator beam dynamics -> however,
adeguate observabllity of beam dynamics is
crucial in validating the decelerator models

m Still a job to do: define instrumentation for the
optimal use of the TBL

m Still to do: analyze the rationale for a 16 PETS
TBL versus lower number of PETS



