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* High-Frequency Buncher
» Capture beam in high-frequency buckets
* Reduce energy spread with high-frequency @—& rotation
 Inject into fixed-frequency cooling system

* High-Frequency Buncher Simulations & Development
e |cool simulations
e Simucool simulations —
e Comparisons with baseline scenario

e Discussion — future development and improvement
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"+ Induction Linac ¢-6E Rotation is long and
expensive; requires new technology

 Would like to use shorter system,
which uses existing rf technology (~200 MHz...)

= Alternative Scenario:
- allow beam to decay + drift
- impose varying-frequency rf to trap
beam into string of ~200 MHz bunches
- rotate string of bunches to obtain same mean
energy of bunch using (?) fixed-frequency rf
-capture beam into cooling rf
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Overview of transport

¢@-OE
Rotator
— _
h-beam Drift Cooler
e Drift (100m)

(60m) 300-187MHz, V' - 4.8 (z/L)? MV/m
¢@—C Rotator(8.4m) 187MHz, V' = 10 MV/m
Cooler (100m) 183MHz
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Component Parameters
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Drift (100m)

 Allows 11- pbeam to decay;
lengthens to develop @-& correlation
. (60m (?))
 Bunching rf with E; = 125+50 MeV set at 15 A separation
— Vs increases gradually from 0 to 4.8 MV/m

@—-O0ERotation
» Fixed frequency; V; set at a maximum value (10MV/m)
— Beam rotates by ~1/4 synchrotron oscillations
to reduce oE
Cooler
« fixed frequency transverse cooling system (~100m long)
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0.1250 GeV . 0.30 0.1250 GeV . Lo 0.30
SErms = 0.05235 GeV 6000 particles SErms = 0.05985 GeV 6000 particles N
sct (+f) = 1.023m sot (rf) = 1.637m
amittance = 01783 m—GeV Z = 100.00 m emittance = 0.4468 m—GeV 7 =
Drift Bunch
—40m =10m 20m 20m
, , , 0.00 , , 0.00
0.1250 GeV ' N R T 0.1250 GeV ' , 0.50
SErms = 0.03820 GeV 6000 parficles 1 SErms = 0.03541 GeV 6000 particles P
sct (1) = 1.878m Sct (rf) = 1.676m o
emittance = 0.4865 m—GeV emittance = 0.5122 m—GeV Z = 268.40 m; i |
i ¢—C rotate 1 Cool 1
—40m =10m 20m =40m =10m 20m
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ds Eyly? v2JAome? By " Ao me?

Where M.' = 1/y,> = n/R indicates a (possibly) nonisochronous transport

Equilibrium trajectories follow:

o
eV'sin @, (p2 + L 2m p2 AE? = constant
B’y Ao me
which implies:
<(P2> _ 1 ota, _ ., ,where[,is a“longitudinal

<AE2> " ByeV'sing A, me? ¢ betatron function”

Note: longitudinal cooling requires reducing ; (by smaller a, A; larger V')
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 ¢—OE Rotation over many bunches is similar to rotation in

single bunch

0.1250 GeV

sFErms = 0.01833 GeV
St (rf) = 0.040m

emittance =  0.0056 m-GeV

6000 particles

Z= 8.40 m

—-1m Om

0.30

Small phase-spread beam after 8.4m

150

-1o00 =

187MHz, 10 MV/m rf bucket
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- Particle phases as located | .
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N ICOOL Simulations
« |[COOL Simulations

* Include Transverse motion + realistic initial distributions
 Initial beam - Palmer target production
 Transverse focusing -

e 20 T(Target) —» 1.25T solenoid
 1.25 T focusing throughout (o, = 10cm)

 Buncher + ¢ - E rotation
 Use parameters approximating 1-D simulation;
e NOT reoptimized

 Buncher + ¢ - & rotation ~ works
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0.1250Q GeVY 6000 particles

SErms =i 0:05357 GeV
Sct (rf)i=i 1.575m

emittance = 0.8890 m—GeV Z= 158.40 m

—=20m 5m

0.30

30m

2000m

0.00

I
3738 particles 0.3000

5.00m

30.00m

0.0000

1-D Simulation
- beam at end of buncher
+ (-E rotation

Initial beam: idealized
H-production

3-D ICOOL Simulation
- beam at end of buncher
+ ¢-E rotation

Initial beam: Target m-production

11



lcool Simulations

)
e

Muon Collaboration

JC
L. 2

R. Fernow has added
“adiabatic buncher” to
ICOOL elements

Adds new acceleration
element with

« Ramped rf

 Length, amplitude and
shape of ramped rf can
be varied.

e Variable frequency with
fixed # of A’s between
reference energies

Initially; matches to fixed
frequency rf at end of
adiabatic buncher

Agrees qualitatively with 1-D
simulations

First try :

T
region 137 3700 particles

FEa11 L=171.100m

’ Py rms = 0.023799Gev/
0.002433 m-Gevic

4000 . 000

0.3000

.. 4000
0.0000
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 Change focusing from 1.25T to 3T
« Slightly better capture but bigger beam

« Change drift from 100 m to 200m

Re-optimize phases of rf

-10.00,

- Fifsl 7947 L=170100m

s = Edm ex =0 002484 m-GeWic

I
rrrrrr 106 3737 particles 0.3000

500 : 40.00
uuuuu
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bunch(60m)

rotate (10m)

- drift (200m

T T T T T T T T T
region 53 4309 particles 0.4000] region 110 4289 particles 0.4000| region 127 4263 panticles 0.4000
Fifrrs; BE  L=211500m 1156 between 00800 and 0.1800GeY Fili 8220 L=261300 m 1131 hetween 0.0800 and 0.1800Ge" 7850 L=270.100 m 1534 between 0.0800 and 0.1800GeY
T5ed  Ebar= 0.2436Gev dE -EEE‘GE\/ Ebar= 0.2411GeY
@ Py rms = 0.036419GeV/e 0 34"43 eV, . Pagms = 00367E9GeVC
7B Tm e =0.002580 m-Gevic Hrms B9315m ex =0.002571 m-Gevrc
-20.00 30.00 80.00 -20.00 30,00 80.00 -20.00 3000 80.00
| | 0.0000 | 0.0000 | 0.0000
1 ] 2 5T
T T T T T T
region 53 711 particles 0.4000] region 110 3681 particles 0.4000] region 127 3657 patticles 0.4000
L=211.500 631 bhetween 0.0800 and 0.1500GeY Fifit =1.8322 L =261300m 782 between 0.0600 and 0.1500GeY 51,8262 L=270.100 m 1277 hetween 0.0800 and 0.1500GeY
ey Ebar= 0.2232GeV dE: 7;&3‘(32\/ Ebar= 0.2218GeY 44Gel  Ebar= 0.2180GeV
Py rms = 0.0236804Gev/o 0375088, Gy Py, rms = 0.024088Gev/c 0 3gaH Gev P rms = 0.024230GeVic
(3016m ex =0.002481 m-GeVie [2568m ex =0.002485 m-GeVic
0 0
-20.00 30,00 80.00 -20.00 30.00 a0.00 -20.00 30.00 80.00
L | 0.0000 | 0.0000 L 0.0000
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« Large statistics tracking code (SIMUCOOL) can be used
to reoptimize Buncher + ¢—& Rotation

« Reoptimize baseline adiabatic buncher and fixed
frequency @—¢& rotation (track rms bunches in each band)

e - Obtains ~0.3 u/p (up from 0.25)

« Change fixed-frequency to “vernier”; sets phase to
N-1/2 wavelengths from first to last ref. bunch;

maximizes @—& rotation — obtains ~0.35 y/p

e Retrack with ICOOL - similar results are obtained

15
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e Obtains ~0.375 u/p
at end of buncher

e Nondistortion

Radius (m)

Acc  Mini Acc Match Cooling

Cool Bunch
0.30
o 36 136 276 356 428 570

Radius (m)
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» Obtains ~0.34 p/p at end of buncher
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A van Ginneken has completed a new set of
optimizations; changes some parameters

Drift - reduced to ~76m (B=1.25T)

Reference kinetic energies: 64 MeV; 186MeV

20 bunches between reference energies 384 - 233 MHz
Linear ramp in voltage: 0 to 6.5MV/m

Still 60m long

Rotator changed

e “vernier” frequency (20 + &) wavelengths between
reference bunches (234 220 MHz), 10MV/m

e Optimize on longitudinal bunch densities
e Best case has 0 00.16
 Longer rotator (~20m)

20
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Increase in acceptance along channel
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u/inc.p 1n window
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max vgg=0.3712
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max Uipe=0.4076
at 1668.4 m

max pfhy=1.0663
at 1648 m
[pps=0.3608)

LT,

max pge=0.3722
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max Mgy=0.3886
at 168.6 m

max pype=0.4230
at 167.0 m

max ofy=0.9908
at 162.2 m
tpy=0.3855)

160

Z (m)
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Andy varied a number of —n

Ny =17 [ Npy=20 [ Np,=23 | Np =26 |

parameters in a search for |
an “optimum"
- Table on right displays a Bk o
search varying the
parameters: i
* N - Number of rf bunches Y
» 8 - phase shift of rotator || o
« Other parameters varied U | et i i
included length of rotator, o0
voltage, buncher voltage e 8
and program O
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Latest Results
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Initial beam was (MARS) 24 GeV p on Hg target,
captured in 20-1.25T

Best examples obtain ~0.40 p/initial proton

Longitudinal density ~2X that of earlier
simulations

Compatible results obtained in SIMUCOOL and
ICOOL runs
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High frequency buncher and rotation appears to

work ...

It requires:

Drift section (100m ?)

Buncher; for ~ adiabatic capture of beam into string of
bunches

(~60m, up to ~6MV/m, 300 to 200 MHz rf)
Bunch rotator (~100 100m, TOMV/m, ~200MHz; )
matched optics, into cooling channel

e transverse focusing throughout ...
System obtains strings of both pu* and p~ bunches

Integration into complete v—-Factory scenario is still
required (next: match into cooling channel)
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2 Improved Version ...

ALREADY TLIO SECONDS,

BUB-SECOND
RESFONSE TIME.
. e
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LATLL AGD TLD MORE. | L 1 z e

v !) i

fﬂﬁ WELL HAVE | ACTUALLY, TTS h ( WHY DO YOU [’}um OMCE r:m-"r]

E-mui S0 imﬂaﬁ*ﬂ-.ﬁmﬂou

|f CkaY, T ADMIT g (1 DOM'T MEAMN [ DAY IN SENERAL 1T
| THAT TLIO PLUD E | MO, JERK. T MEAM T ADMIT THAT THE RIGHT.
| T CQUALS L.E.*E.a{-',-),.i -E IM GEMERAL. FOLES OF PHYSICS MY
L"ﬁ-i.ﬁ.r'i {:'INE’._I“' £ o l FAULT
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i g s _
3
O 2
“u —y E
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