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Introduction

Study 2 scenario
e [nduction linac phase rotation + 200 MHz buncher
e “High-frequency” Buncher and ¢—90E Rotation
e Concept
e 1-D, 3-D simulations
e Cost guesstimates ...
e Continuing Studies ...
e Variations
e Matching, Optimization = Study 3
e For FFAG v-Factory injection ?7?
e Lower frequencies, larger energy spreads 7?

L, ! .
e Outline



0.0 Warm Linac (200 MeV)

B
¥ SC Linac (1 GeV)
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Bunch Compressor (rms 311:-.)
Hg Target 45 m)
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Induction #1 100 111
Mini Cooling E 5 m
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Neutrino s |
Factory
Baseline Design . |

e Feasible, but expensive

Induction #2

Induction #3 80 m)
Buncher (55 m)
Cooling (108 m)

Linac (2.3 GeV)

Recirculating Linac (2.3-20 GeV)

e Find ways to reduce costs

— Storage Ring (20 GeV)

Table 4.1 Construction Cost Rollup per Components for Study-11 WNentrino Factory., All
costs are in FY 01 dollars,

Sw=tern Magnets RF power REF caw. e, Ps Diagn. Clryvo TTtil. Conwv. Facil. Surmn
U U {FNI) (BEML) (S (&M (ENT) (EMIY R (SN
Proton Diriver 5.5 7.0 GG.1 Q.8 26G.6 2.2 28.5 21.9 1G7.6
Target Systems 30,3 .= 3.5 =.0 1=.5 0.2 al1.6
Decay Channel 3.1 02—l 1.0 0.2 P
Induction Linacs 35.0 (Du 2) 4.4 (163.3) 3.0 3.6 19.5 (219.1y
Bunching 4=.5 G.5 g 2y =1 5.0 0.3 ANGEN
Cooling Channel 27.G 105.6 17. 7 4.3 4.5 28.0 Q.5 19.5 317.0
Pre-aceel. linac 46,3 65,4 44.1 7.5 3.0 6.0 13.6 1259
RLA 129.0 20,2 63,4 16,4 5.6 4.0 28.9 19.03 255.5
Storage Ring as.5 4.5 2.2 20.10 4.5 28.1 107.4
Site Ttilities 126.0 126G.9

Totals A DTE.T 2RA8 SO 211.2 i, 1= 2 1269 382 1. 7472




# Adiabatic buncher + Vernier ¢—6E %1(
Rotation wuch Graporaton

Drift (gom) Overview of transport

e 7n—u decay; BE

beam develops ¢—0E correlation

p-beam  p g

(60m)
e Forms beam into string of bunches

¢—OE Rotation(~10m)

. . _ Replaces Induction
e Lines bunches into equal energies

Linacs with medium-
frequency rf (~200MHz) !
Cooler(~100m long)

o fixed frequency transverse cooling system
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Longltudlnal Motion (1-D S|mulat|ons)

0.1250 Ge\/ 0.30 0.1250 Ge\/ 0.30
SErms = 0.04871 GeV 6000 p""”""es SErms £ 0.05672 GeV 6000 particles
et (rf) = 00 m sct (rf) . m
emittance = O 1669 m—GeV Z = 90.00 m emi’r’ronclé;: 0.4350 m—GeV Z = 150.00 m
[ ]
Drift Bunch
=20m 20m 50m =20m 20m 6 0m
, 0.600 , , 0.00
0.1250 GeV . 0.30 0.1250 GeV¥ : 0.30
SErms = 0.03319 Gev 8000 particles SErms = 0.01629 GeV 5378 particles
of (ri¥ = 1.532m Sct (rf) = 1.532m
emiHercié' = 0.4557 m—GeV Z = 158.74 m amittance = 0.2290 m—GeV Z = 24874 m
I ¢—OE rotate I Cool '
—20m 20m ' 7 Bom —20m 20m 60
0.00 , 0.00
‘System would capture both signs (1", 1) Il
5
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Adiabatic buncher 0.1250 GeV | e 0.30

ESEF:”? f) 0. 051657020 CeV 6000 particles GeV
SEt TO, S(I/B) er‘nﬁ’rdnrcle: 0-4350mm GeV Z= 150.00 m
e 125 MeV/c, 0.01 -

In buncher:

krf (Z) = ZS(%)
Match to A;=1.5m at end:

Ltot( ] Lt0t8( ) Ay =1.5m | N L
Bl BO ' . 0.00

zero-phase with 1/ at integer Mg 0.90—1.5m

intervals of 5(1/B) :
1 1
—=—+ndl+
Bn BO (B)

2
Z—7Z
Adiabatically increase rf gradient: E;(z)=4.8 (z=2p) > MV/m
(Ltot_ZD) 6
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e At end of buncher, choose:
e Fixed-energy particle T,
e Second reference bunch Ty
e Vernier offset 6
e Example:
e T,= 125 MeV
e Choose N= 10, 6=0.1
- T,, starts at 77.28 MeV
e Along rotator, keep reference
particles at (N + 0) A+ spacing
e ¢,o=36"atd=0.1
e Bunch centroids change:

Tio(zr ) =Ty (0) + eE ¢ sin(9;() zg

e Use E;= 10MV/m; L;;=8.74m
e High gradient not needed ...

e Bunches rotate to ~equal
energies.

0.1250 GeV

sErms £ 0.03319
532

Set (rf) =

GaV
A

emitterics = 0.4557 m—GeV

6000 particles

Z= 13874 m

‘II' ’ . :
L R AT A

- LN RE NN R R R NN N R
LI I L R TR L I
l;'I SRRV ISARRELE I RS EEENERLE NN
[ O I L I
i ke .
BRSNS

- . Act =10.1 Ay

=20m 20m

0.30
GeV

0.00

As:1.485—>1.517m in
As = Act/10 at end

(A — 1.532m)

Nonlinearities cancel:

T(1/B) ;

Sin(¢)

rotation;
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Lt
N Key Parameters

General
e Muon capture momentum (200MeV/c?) 400MeV/c?
e Baseline rf frequency (200MHz)

e Drift
e Length L,

e Buncher - Length (Lp)
e Gradient, ramp V;" (linear OK)
e Final Rf frequency (Ly + Ly) (1 /B) = Agf

e Phase Rotator-Length (Lp)
e Vernier offset : Ng, &,
e Rf gradient V;’

e Cooling channel / Accelerator ?7?
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4= Next step: match into cooling 5.,.}((

C h a_H_H_e! | Muon Collaboration
e Need to design a new cooling channel, matched to

bunched/rotated beam

e Do not (yet) have redesigned/matched cooling
channel

e Use (for initial tries):
e ICOOL beam from end of AVG simulations

e Study 2 cooling channel

e Direct transfer of beam (no matching section)
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JC
L. 2 Results (~ICOOL)

In first ~10m, 40% of u's from buncher are lost,
g, =0.020m— ¢, = 0.012m

e Remaining u's continue down channel and are cooled and
scraped, ¢, — ~0.0022m, similar to Study 2 simulation.

e Best energy, phase gives ~0.22 u's /24 GeV p

e Study 2 baseline ICOOL results is ~0.23 u's/p

1
region 935 1530 particles 0.400C
Fifrmsy =0.6557 L = 309.352 m 1509 between 0.0B00 and 0.20005GeW GeV
cdE =0.0239GeV Ebar = 0.1302GeV
0.015637 GeVW/ Px.rms = 0.016028GeV/c

Xrms = 0.013586 ex =0.000217 m-SGeVfic

-20.00 40.00 m 100.0C
| | (a B alalnln



Caveats: Not properly matched “}(l

Muon Collaboration

This is not the way to design a neutrino factory
Not properly matched in phase space

Cooling channel acceptance is too small
(add precooler ?)

e Correlation factors “"wrong”
e "Cooling” channel collimates as much as it cools ..

. oo | R

120 140

11
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€.
=& Shorter bunch train (for Ring Cooler ?)

T
region 185 5856 particles 0.4000

Ring Cooler requires shorter
bunch train for single-turn B
injection - ~30m?

200MHz example A
e -reduce drift to 20m (from 90) = | . 50

e -reduce buncher to 20m empisly Lo s, S SR
e Rotatoris ~12m

~85% within <~30m -

“Long” Bunch -

“Short” Bunch |

Total rf voltage required is o o Ceewt e
about the same (~200MV)

T T 1
region 91 6964 particles 0.4000

Fi(rms)j%ﬁj‘).%i"a_ﬁ. L= 52.000m
dE =0.195458V" Ebar = 0.2663GeV
Xrms. = LA exFZ(OrI;SZT;g4O?r’nB—4g:VGI: e
I | X2 scale
RFOFO cooler wants 12m bunch
train I i 1

12
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Place beam output into
Study 2 cooling channel

No “matching”

Long bunch case accepts
~0.20 u/p

Short bunch case accepts

~0.145 u/p

(Study 2 example is 0.23
in these units)

region 1043 I 1251 particles 0.4000
Fi(rms) =1.5864 L =304.779 m
dE =0.0219GeV Ebar = 0.1316GeV
0.034811 GeV Px.rms = 0.016062GeV/c
rms = 0.014141m ex =0.000227 m-GeV//c
-20.00 30.00 80.00
1 0.0000
T
region 1042 1000 particles 0.4000
Fi(rms) =0.6639 L=193.879 m
dE =0.0249GeV Ebar = 0.1288GeV
0.016519 GeV Px.,rms = 0.017150GeV/c
Xrms = 0.014085m ex =0.000242 m-GeV/c
-20.00 30.00 80.00
1 0.0000

w/p

13
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Lt
2 New Cooling Channel needed

e Need initial cooling channel
e (Cool & from 0.02m to 0.01n
e Longitudinal cooling ?

(. 200 MH=z RF
) LG WV 'm

0.4

radii  (cm)

e Examples 0.4 -
e Solenoidal precooler (Palmer)
e “Quad-channel” precooler "5 length
e 3-D precooler

1.0
{1}

k2
T

Bz (T)

e Match into precooler
e First try unmatched

)
1




To do

. | e

Move to more realistic models

Continuous changes in rf frequencies to stepped
changes ...

3-D fields (not solenoid + sinusoidal rf)
Match into realistic cooling channels ...

Estimate/Optimize Cost /performance

15



aF Comment on costs Fely

Muon Collaboration

THE PROJECT UNCER-
TAINTY PRIMCIPLE SAYS
THAT IF YOU UNDER-
STAND A PROJECT,YOU
WIONT KNOW ITS COST,
AMD VICE VERSA.

)

I NEED A DESCRIPTION
OF YOUR PROJECT AND
ITS PROJECTED COST.

THAT
DOESN'T
MAKE IT

THAT'S
IMPOSSIBLE.

£ 2003 Unlied Feaiuvre Symdicais. Ing

wwnndilbert.com scottadama@aclcom

Feloz

2003 United Fealure Syncicals, Ine.

16
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™  Variations/ Optimizations ...

e Many possible variations and optimizations
e But possible variations will be reduced after design/construction

e Shorter bunch trains ??
e For ring Coolers ?

e Other frequencies ??
e 200 MHz(FNAL) — 88 MHz ?? (CERN) — ??2? ~44MHz

e Cost/performance optima for neutrino factory (Study 3?)
e Collider ?? both signs (u*, p-) !

e Graduate students (MSU) (Alexiy Poklonskiy, Pavel Snopok)
will study these variations; optimizations. etc...

17
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e Baseline scenario is single bunch
injection without ¢-E rotation or
bunch formation

e Capture is not matched to beam - /
phase-space o

0.3

e Capture is centered at higher :
energy than Study 2 o [

01

e Requires very low-frequency bucket
(~25 MHz or less)

kL SO

-40 -1 ] m 40 Gl a0 100 110 140

Longitudinal phase space

e Rf Gradient is ~1 MV/m (or less)
Capture is £ 150MeV,

. . . -+
e Can injection use buncher-rotator 12 ns

methods to improve acceptance,
increase rf gradient ?

18



Jt Bunch sizes for various rf Y
aF . Tl
S-C.e-n-ams Muon Collaboration
Case Rf AE (MeV) Az (m) | TAEAzZ/cC
frequency | () () (eV-5s)
JNF 5 MHz ?? 150 3.00 4.7
(~300MeV) (~1.0m g,,.0)
~Study 2 200MHz 40 0.40 0.18 (~0.04m)
(~125MeV)
250 MeV 200MHz 80 0.4 0.36 (~0.08m)
125 MeV 100MHz 40 0.8 0.36 (~0.08m)
250 MeV 100MHz 80 0.8 0.72 (~0.16m)
125 MeV 50MHz 40 1.6 0.72 (~0.16m)
250 MeV 50MHz 80 1.6 1.5 (~0.32m)

19
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100 MHz example

e 90m drift; 60m buncher, 40m
rf rotation

Capture centered at 250 MeV

Higher energy capture
means shorter bunch train

Beam at 250MeV + 200MeV
accepted into 100 MHz buncher

Bunch widths < =100 MeV

Uses ~ 400MV of rf

0.2500° BeV
3Erms = 0J13086 GeV
=132 M

Set (rf) =
emittance =

=20m

|- 3.243
1.5178 m—GeV

5000 particles 0.60

Z= 191.25 m

20m ' EO0n
0.00

20
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~50 MHz variations

faCX’

Example | (250 MeV)

o Uses ~90m drift + 100m
10050 MHz rf (<4MV/m)
~300MV +total

e Captures 250+200 MeV u's

into 250 MeV bunches with
+80 MeV widths

Example Il (125 MeV)

o Uses ~60m drift + 90m
100—-50 MHz rf (<3MV/m)
~180MV +total

e Captures 125+100 MeV Y's
into 125 MeV bunches with
+40 MeV widths

$4.2500 Gev 0.60
S5 = 0.21861 GeV 6000 particl
Scti{rf) =  6.480 m
emittdnce & 4.8268 m—GeV Z = 195.00 m
/ ’ H :Ii. ,
. i P e
i L Py : g~ =
Y
£l 3
& . H
:% F
Fi
voF
gl ] -
—10m 20m T 50
0.00
L 0.1250 GCeV ' 7 0.30
‘SErms = 0.07284 GeV 6000 particles
Eet (f) = 5.198 m
@mitfgnce = 1.7088 m—GeV Z = 152.00 m
meob
b
:i: % 3\ ’.T‘i‘-\. . ‘
| £‘;‘ T ;
o 1 LU AT AR
? J : -? .ll! I ‘,.'i. I\; ’ I\-’.r 'I
tud
=10m 20m 50m
0.00

21
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fact
Summary e

High-frequency Buncher and ¢—dE Rotator
simpler and than induction linac system

e Performance as good (or almost ...) as study 2,
But

e System will capture both signs (u*, pn-) |
(Twice as good ??)

. | e

e Method could (?) be baseline capture and phase-
energy rotation for any neutrino factory ... (FFAG)

To do:

e Complete simulations with matched cooling channel!
e Optimizations, Best FFAG Scenario, ...

22
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Last slide

DID YOU INTEND THE
PRESENTATION TO BE
INCOMPREHENSIBLE,
OR DO YOU HAVE SOME
SORT OF RARE "POLJER -
FOINT" DISABILITY?

THAT CONCLUDES MY
HALF-HOUR PRESEMNTA-
TION. ANY QUESTIONS?

ARE THERE
ANY QUESTIONS

ABOUT THE
CONTENT?

THERE WAS
CONTENT?

& 2003 United Festurs Syndioats, Inag

wwnwdilbertcom  scottadama @ solcom

Blq|on

22003 Uniled Fealure Syncdicals, Ine.

23



Compare with
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]

! region 4 ' 7043 particles ! 04000 ! region e ' 5341 particles ! 04000
E 0.s00 m 1997 between 0.0800 and 0.2000Ge% L =275720 m 1767 between 0.0800 and 0. 20005
dE =0.22145:V 0.3080Ce Ebar = 0.1558Ce
0.401595 Gevw -4 ms = 0.0859139Gevc Px,rms = 0.022752G e
Hrms = 0.031118] * Bex =0.002775 m-Ge' ex =0.001999 m-Sewyc
-20.00 40.00 100.00 -20.00 40.00 100.00
L I I 0.0000 | I I I 0.0000_]
! region 11 " 6210 particies ! 0.4000 ! region 65 " 4758 particles ! 0.4000
Filrms) =1.8141. L= 358620 m 1966 between 0.0800 and 0.2000GeY PHfrms) =1.8050 L=367221m 3685 between 0.0200 and 0. 20005
dE =0.20045e Ebar = 0.24985eV HEE0 1 166Gy Ebar = 0.1910Gew
0.363425 Gew. Px.rms = 0.024433G eV x Px.rms = 0 025401 GeVrC
Hrms = 0.101844 Bex =0.002488 m-Gewic (=4 :D. 001569 m-GeEviT
-20.00 i 100.00
- - 1 0.0000 ] -20.00 40.00 100.00
L I I 0.0000_]
T T T
- region 28 027 particles 0.4000 . . .
Fifrms) =1.8 L=135720m 2828 between 0.0800 and 0.2000GeY region 222 2796 particles 0.4000
oE =0.1454 Ebar = 0.2667GEY Fitrms) =1.0912 L =431106 m 2995 between 0.0800 and 0.2000Ge
Pyrms = 0.02431F7Gev/c dE =0.10465ev Ebar = 0.1746GeY
ex =0.002486 m-Gevsc 0113968 Ge wrms = 0.021672G eV
— Mrms = 0.050437m  ex =0.001031 m-Gevwic
-20.00 40.00 100.00 -20.00 40.00 100.00
| L L 0.0000 | L L L 0.0000 |
; T " T : T T T . T
. ) region 38 5486 particles 04000 region 1208 1607 particles 04000
Fifrms) = 5 L=1585720m 1787 between 00800 and 0 2000GeY Fifrms) =1.7972 L=564731m 1595 between 00600 and 0 2000G&W
dE =0.14118%Y Ebar = 0.1584GeY dE =0 0220G8Y Ebar= 0.1287Gew
0259489 A Prx,rms = 0.022781GeW/C 00396058 Gev Prorms = 0.016178GeV/T
¥rms = 0.0BEF93m ex =0.001968 m-Gevic #rms = 0.013613m ex =0.000220 m-Cevrc
-20.00 100.00 -20.00 40.00 100.00
1 0.0000 | 1 1 1 0.0000

X.

-20 to 100m; y: 0 to 400 MeV



C A A I Muon Collaboration
\ VAW & |
T T
I region 4 7042 particles ‘ 04000 I region 288 BEOS particles I 0.4000
Fifrrnsy =1.3100 = 0.600m 1999 between 0.0800 and 0.2000Gey L =182.930m 2660 between 0.0300 and 0.2000GeY
dE =0.2214GeY har = 0.30935eY Yo Ehar = 026875V
0400773 Gevw : Prrms = 0.089337Gev/c Furms = 005378135680
xrms = 00310848 ex =0.002777 m-Gewic o, e =0.002620 m-Gevic
-20.00 40.00 100.00 -20.00 40.00 100.00
1 1 | 0.0000 | 1 1 0.0000
i T T T T
region 21 6996 narticles 04000 I region 54 3741 narticles ‘ 0.4000
Fifrms) =1 53 L= 748980m 2235 petween 0.0800 and 0.2000GeY L=192230m 3022 between 0.0800 and 0.2000Gey
dE =0.18455% Ebar = 0.2545GeY Ebar = 0.1724GeV
0.355198 G Prrms = 0.037869GeY/C Prorms = 0.027274Gev/c
Hrms = D.DB?&%,m ex =0.002570 m-Gewic ex =0.001302 m-Gev/c
-20.00 I B 100.00
s e hot -20.00 : 40.00 100.00
| ) | 0.0000 | | | | 0.0000_|
T T T T T
R region 147 G506 particles 0.4000 I region 9335 1230 narticles 0.4000
Fifrms L=134.180m 2505 between 0.0600 and 0.2000G&Y Fifrmsy =0.6527 L =309.352m 1509 hetween 0.0800 and 0.2000GeY
. Epar = 0.2673GeY dE =0.0239GeY Ehar = 0.1302GeY
Py rms = 0.037899GEV/C 0.015637 Gev Pr.rms = 0.016028Gev/c
ex =0.002587 m-Geiic ¥rms = 0.013586m ex =0.000217 m-Gevic
-20.00 40.00 100.00 -20.00 40.00 100.00
I I 0.0000 | 0.0000_|
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Study 2 system

2000

Drlft to develop Energy- phase correlation proton] bearn

0.4000 0.4000

n,mpam
60 195 018200 0 200802 1SEE Semeen €.0802 and 0200068

matc I1||1- Irift

st induction linac

L
an o L s minicooling

Accelerate ta|I decelerate head of beam
(280m mductlon linacs (1)) 3 l

2nd induction linac

,_.
=
1

9=

=]

3rd induction linac

3
w

el 2

-1.0 t/.'i
1 1 1 1
-0 00 10003

0 104 2000 300 400 _ I 2000

time  (ns)

myn 22 3Tepa:s ! oae
u n i ! Z i 2336 hehveen 21300 and D ZCC03¢Y
C i
s

Gradient (MV/m)

L9y

HiE

buncher

Fer

cooling

i =
=
: 1"
—
20 an e m
. i 100 :;_:
LA
=
LT

n

Inject into 200 MHz cooling system
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