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What are we talking about?What are we talking about?

Th d l tThe decelerator
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The decelerator beam dynamics The decelerator beam dynamics –– brief overviewbrief overview



Drive beam and decelerator latticeDrive beam and decelerator lattice
HighHigh--current, lowcurrent, low--energy beam for strong wake field generationenergy beam for strong wake field generation

Initial beam parameters:Initial beam parameters:
EE0 0 ≈≈ 2.5 GeV2.5 GeV
II ≈≈ 96 A96 AI I 96 A96 A
d = 25 mm (bunch spacing, fd = 25 mm (bunch spacing, fbb = 12 GHz)= 12 GHz)
τ τ ≈≈ 300 ns (3564 bunches) 300 ns (3564 bunches) 
G i b hG i b h 11Gaussian bunch, Gaussian bunch, σσz z ≈≈ 1 mm1 mm
εεΝΝ ≈≈ 150 μ150 μm m 

688 units per station 688 units per station -- 26 * 2 stations26 * 2 stations



Simulation software: PLACETSimulation software: PLACET
The simulation package used here is PLACET (D. The simulation package used here is PLACET (D. 
Schulte)Schulte)
All t t d i l th ff t f i lAll t t d i l th ff t f i l b hb hAllows to study precisely the effect of singleAllows to study precisely the effect of single--bunch + bunch + 
multimulti--bunch wakesbunch wakes
Beam model used here: sliced beam with a GaussianBeam model used here: sliced beam with a GaussianBeam model used here: sliced beam with a Gaussian Beam model used here: sliced beam with a Gaussian 
longitudinal profilelongitudinal profile

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



Principle of power generationPrinciple of power generation
Particles will feel parasitic loss and induce a wake field in Particles will feel parasitic loss and induce a wake field in 
the PETSthe PETS
The wake field will interact with and further decelerate :The wake field will interact with and further decelerate :

1) rear part of bunch (1) rear part of bunch (singlesingle--bunchbunch effect)effect)1) rear part of bunch (1) rear part of bunch (singlesingle bunchbunch effect)effect)
2) following bunches (2) following bunches (multimulti--bunchbunch effect)effect)

The integrated effect in a PETS on a witness particle due The integrated effect in a PETS on a witness particle due 
to a source particle is given byto a source particle is given byp g yp g y

only the monopole wake, wonly the monopole wake, wLL, is considered, is considered



Simulation results: energy extractionSimulation results: energy extraction
PETS longitudinal wake parameters:PETS longitudinal wake parameters:

R’/Q = 2295 R’/Q = 2295 ΩΩ/m (linac/m (linac--convention)convention)
→ P ~ 147 MWffLL=11.99 GHz=11.99 GHz

ββgg = 0.453= 0.453

Beam energy profile after lattice: (initial: flat EBeam energy profile after lattice: (initial: flat E00=2.5 GeV)=2.5 GeV)

→ P ~ 147 MW

gy p (gy p ( 00 ))
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NB: leading particle always to the left! (PLACET output def.)NB: leading particle always to the left! (PLACET output def.)

nnsteadysteady--statestate = (l= (lPETSPETS/d)(1/d)(1--ββgg)/)/ββgg = 12= 12



Steady state bunch profileSteady state bunch profile
The steadyThe steady--state bunch profile depends on the multistate bunch profile depends on the multi--bunch effects bunch effects 
as well as the singleas well as the single--bunch effectsbunch effects
M ltiM lti b h k l ld f t i l filb h k l ld f t i l filMultiMulti--bunch wake alone would form a symmetrical energy profile bunch wake alone would form a symmetrical energy profile 
(cosine(cosine--like wake function, combined with Gaussian distribution)like wake function, combined with Gaussian distribution)
SingleSingle--bunch wake: last part of the bunch will be more decelerated bunch wake: last part of the bunch will be more decelerated 
th th fi tth th fi t i t f i i hift d t d th di t f i i hift d t d th dthan the first than the first --> point of minimum energy shifted towards the end> point of minimum energy shifted towards the end
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Energy extraction efficiency: Energy extraction efficiency: ηη
η=η=PPinin/P/Poutout : : steady statesteady state power extraction eff.: power extraction eff.: η=η=P[W]P[W]××N / E0[eV]N / E0[eV]××I[A]  I[A]  

We can express theWe can express the steady statesteady state extraction efficiency as:extraction efficiency as:We can express the We can express the steady statesteady state extraction efficiency as:extraction efficiency as:
η η = S = S ×× F(F(σσ) ) ×× ηηdistdist

where for current CLIC parameters:where for current CLIC parameters:where for current CLIC parameters:where for current CLIC parameters:
S = 90.0 % (max energy spread)S = 90.0 % (max energy spread)
η η = S = S ×× F(F(σσ) ) ×× ηηdistdist = 90.0 % = 90.0 % ×× 96.9 %96.9 % ×× 97.4 %97.4 % ==84.5 %84.5 %

Energy distribution of a bunch (steady-state)Energy distribution of a bunch (steady-state)
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Parameter dependence: one example Parameter dependence: one example 

P = IP = I2 2 ××LLpetspets
2 2 ×× F(F(σσ))2 2 ××(R’/Q) (R’/Q) ××ωωbb / 4v/ 4vgg

CLIC la o t decides P per ca it (P 147 MW)CLIC la o t decides P per ca it (P 147 MW)CLIC layout decides P per cavity (P = 147 MW)CLIC layout decides P per cavity (P = 147 MW)
We impose S=90% We impose S=90% 

-- (larger S: larger envelope, smaller S: smaller efficiency)(larger S: larger envelope, smaller S: smaller efficiency)

Deciding initial energy (compromise rigidity, SR effects and more)Deciding initial energy (compromise rigidity, SR effects and more)
This fixes PETS length and current (assuming fixed PETS type) This fixes PETS length and current (assuming fixed PETS type) 

“Independent” parameters:“Independent” parameters:
P = 147 MW (power production)P = 147 MW (power production)

“Derived” parameters:“Derived” parameters:
I = 96 AI = 96 AP = 147 MW (power production)P = 147 MW (power production)

S = 90.0 % (energy spread)S = 90.0 % (energy spread)
EE0 0 = 2.5 GeV = 2.5 GeV 

I = 96 AI = 96 A
LLpetspets = 23.1 cm= 23.1 cm
ηη = 84.6 % (extraction efficiency)= 84.6 % (extraction efficiency)

d = 25 mm (bunch spacing, fd = 25 mm (bunch spacing, fbb = 12 GHz)= 12 GHz)
Gaussian bunch, Gaussian bunch, σσz z = 1 mm= 1 mm
N = 50 (enough for steadyN = 50 (enough for steady--state situation to be reached)state situation to be reached)N  50 (enough for steadyN  50 (enough for steady state situation to be reached).state situation to be reached).
εεΝΝ = 150 μ= 150 μm m 

(parameters of mid(parameters of mid--2007)2007)



Beam envelope along the latticeBeam envelope along the lattice
Adiabatic undamping: envelope along the lattice rAdiabatic undamping: envelope along the lattice radad ∝∝ 1/1/√√γγ
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Some results: envelope growth due to wakes and misalignmentSome results: envelope growth due to wakes and misalignment



PLACET input: dipole wake functionPLACET input: dipole wake function

Slide: I. Syratchev



Goal: transverse wakes should not amplify beam jitterGoal: transverse wakes should not amplify beam jitter

A design target for the PETS is to ensure that beam jitter A design target for the PETS is to ensure that beam jitter 
are not amplified significantly due to transverse wakes are not amplified significantly due to transverse wakes p g yp g y
(and leading to beam blow(and leading to beam blow--up)up)
For the PETS design a number of simulations has been For the PETS design a number of simulations has been 
run (work with I. Syratchev)run (work with I. Syratchev)
Current PETS design: basically no problem for Current PETS design: basically no problem for nominalnominal
PETS parameters (both CLIC and TBL lattice checked)PETS parameters (both CLIC and TBL lattice checked)
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Wake buildWake build--up and  decoherenceup and  decoherence
Amplification of jitter is actually reduced due Amplification of jitter is actually reduced due 
to the large energy spread:to the large energy spread:to the large energy spread:to the large energy spread:

 1

Betatron variation (smooth approx.)

1.0GeV
 1

Betatron variation (smooth approx.)

1.0GeV

 0.2
 0.4
 0.6
 0.8

 u
ni

t]
1.0GeV

0.25GeV

 0.2
 0.4
 0.6
 0.8

 u
ni

t]
1.0GeV

0.25GeV

-0.4
-0.2

 0
 0.2

y 
[a

rb
it.

 u
n

-0.4
-0.2

 0
 0.2

y 
[a

rb
it.

 u
n

-1
-0.8
-0.6
-0.4

 0  2  4  6  8  10  12  14  16
-1

-0.8
-0.6
-0.4

 0  2  4  6  8  10  12  14  16 0  2  4  6  8  10  12  14  16

s - s0 [m]

 0  2  4  6  8  10  12  14  16

s - s0 [m]
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the case otherwise



P t 3P t 3Part 3Part 3

Effect of component misalignmentEffect of component misalignmentp gp g



5  types of misalignment studied5  types of misalignment studied
So far: we have talked about a So far: we have talked about a perfect machineperfect machine

Now: will study Now: will study the effect of misalignmentthe effect of misalignment of machine componentsof machine components

Each misalignment (PETS, Quads) studied separatelyEach misalignment (PETS, Quads) studied separately

100 random machines simulated for each case.  Metric: max. 100 random machines simulated for each case.  Metric: max. centroidcentroid offset, roffset, rcc, , 
along lattice (of all machines) along lattice (of all machines) 

Th i iti l b ill b d th f bitTh i iti l b ill b d th f bitThe initial beam will be assumed on the reference orbitThe initial beam will be assumed on the reference orbit

Adiabatic effect is NOT included in order to study each effect separately (no Adiabatic effect is NOT included in order to study each effect separately (no 
macroparticles distribution)macroparticles distribution)p )p )
Total 3Total 3--sigma beam envelope will therefore besigma beam envelope will therefore be

33--sigma adiabatic envelope “+” centroid envelope : rsigma adiabatic envelope “+” centroid envelope : rad ad “+”“+” rrc  c  ( where the “+” is only in worst ( where the “+” is only in worst 
case a real + )case a real + )



Position offset of PETSPosition offset of PETS
A PETS off axis will induce transverse kicks (dipole wake A PETS off axis will induce transverse kicks (dipole wake ∝∝ yysourcesource
wrt. PETS)wrt. PETS)
W tt th PETS iW tt th PETS i {50 500}{50 500}We scatter the PETS in y: We scatter the PETS in y: σσPETSPETS = {50 ... 500}= {50 ... 500}μμmm
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⇒⇒ σσPETSPETS < 200 < 200 μμmm

with margin ~2 on Q:    with margin ~2 on Q:    ⇒⇒ σσPETSPETS < 100 < 100 μμmm
(corresponding PETS angle error contributions)



Position offset of quadrupolesPosition offset of quadrupoles
Offset of quads will induce a dipole kickOffset of quads will induce a dipole kick
We scatter the quads in y: We scatter the quads in y: σσqq = {1 ... 10}= {1 ... 10}μμmmqq
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We see that without correction we should require We see that without correction we should require a final prea final pre--
alignment alignment σσPETSPETS < 2 < 2 μμm (not feasible)m (not feasible)PETSPETS
Solution: beamSolution: beam--based alignment (BBA)based alignment (BBA)



Special variant of DFS needed for TBLSpecial variant of DFS needed for TBL
TBL and CLIC deceleration station:TBL and CLIC deceleration station:

cannot use lower energy beam due to beam stabilitycannot use lower energy beam due to beam stability
hi h i iti l b t il blhi h i iti l b t il blhigher initial energy beam not availablehigher initial energy beam not available

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

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

ffResults seems to be as good as for energy test beamResults seems to be as good as for energy test beam

All results from now are run with optimal DFS weightingAll results from now are run with optimal DFS weightingesu s o o a e u op a S e g gesu s o o a e u op a S e g g



Results of dispersion free steeringResults of dispersion free steering

Max centroid envelope, Quad dYpMax centroid envelope, Quad dYp Beam envelope along the latticeBeam envelope along the lattice
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Some conclusions: tolerancesSome conclusions: tolerances

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

(discussion)(discussion)



TBL: the test of the deceleratorTBL: the test of the decelerator

Lattice:Lattice:

16 units of one of each:

• PETS + couplerp

• Quad

• BPM



Beam dynamics of TBLBeam dynamics of TBL

S h t diff t tSomewhat different parameters:

CLIC:
E0 ~ 2.5 GeV,  I ~ 100 A, t ~ 300 ns,  η ~ 85% (S=90%), lPETS ~ 0.23m, PPETS ~ 150 MW

TBLTBL:
E0 ~ 150 MeV,  I ~ 30 A, τ ∼ 140 ns,  η ~ 61% (S~ 63%), lPETS ~ 0.80m, PPETS ~ 170 MW

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

* envelope growth

* decelerated energy profile



CLIC versus TBL decelerationCLIC versus TBL deceleration
Beam envelope along the latticeBeam envelope along the lattice
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TBL:
E0 ~ 150 MeV,  I ~ 30 A, t ~ 140 ns,  h ~ 61% (S~ 
63%)

CLIC:
E0 ~ 2.5 GeV,  I ~ 100 A, t ~ 300 ns,  h ~ 85% 
(S=90%)



TBL: verification of placet simsTBL: verification of placet sims
TBL Instrumentation: will decide how good benchmarking of model and code TBL Instrumentation: will decide how good benchmarking of model and code 
we can get:we can get:

S t t h d t t d f l tti i i t t fS t t h d t t d f l tti i i t t fSpectrometer: here good energy measurement at end of lattice is very important for Spectrometer: here good energy measurement at end of lattice is very important for 
benchmarkingbenchmarking

Verify power production Verify power production PP, efficiency , efficiency ηη, , energy spread, energy spread, SS
Detuning?Detuning?

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

Verify beam envelope growth?Verify beam envelope growth?
beam size at end of lattice at least?beam size at end of lattice at least?

Verify minimum loss transport?Verify minimum loss transport?

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

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

as well as accurate measurements in order to extract the decoherence effectas well as accurate measurements in order to extract the decoherence effect



TBL: verification of DFS for Drive BeamTBL: verification of DFS for Drive Beam

Both CLIC and TBL sims shows the same type Both CLIC and TBL sims shows the same type 
of improvement from Beamof improvement from Beam--Based AlignmentBased Alignmentof improvement from Beamof improvement from Beam--Based AlignmentBased Alignment
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--> TBL could be an excellent test> TBL could be an excellent test--bed for the bed for the 
“PETS“PETS--based” DFSbased” DFS



Conclusions TBLConclusions TBL

TBL beam dynamics has the same features ofTBL beam dynamics has the same features ofTBL beam dynamics has the same features of TBL beam dynamics has the same features of 
the decelerator beam dynamics the decelerator beam dynamics --> however, > however, 
adequate observability of beam dynamics isadequate observability of beam dynamics isadequate observability of beam dynamics is adequate observability of beam dynamics is 
crucial in validating the decelerator modelscrucial in validating the decelerator models

Still a job to do: define instrumentation for the Still a job to do: define instrumentation for the 
optimal use of the TBLoptimal use of the TBLopt a use o t eopt a use o t e

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


