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E Outline

e Neutrino Factory Front End Optimization
e Improve neutrino factory scenario
e For International Scoping study

e “High-frequency” Buncher and ¢—6E Rotation
e Study 2A scenario, Obtains ~0.2 u/p
e Gas filled cavities
- Higher gradients? In magnetic fields?

- Cooling in buncher and rotator/shorter cheaper ?
System
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aE Neutrino Factory - Study 2A
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Proton driver
e Produces proton bunches

Proton Driver

e 8GeV 10" p/s Hg Target
Target and drift Capture
e n—>u (> 0.2 u/p) Drift v 7 beam
Buncher, bunch rotation, cool Buncher
Bunch Rotation 1 Storage
: Ring
Accelerate p to 20 GeV | Cooling

e Linac, RLA and FFAGs Acceleration

Linac

Store at 20 GeV (0.4ms)
) Acceleration |
> € vt v, A cceleration

Long baseline v Detector
>1020v/year
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¢ Study2AP June 2004 scenario
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e Jarget- Hg-jet within 20T solenoid w L D S
e Drift -110.7m - within 1.75T solenoid £ g '
5l - ' O —
o -51m & Hr. Contalnmest
s o | An Windhme
e V5(1/B) =0.0079
e 12 rffreq., 110MV W —
e 330 MHz — 230MHz L :D_I' —
e ¢-E Rotate - 54m - (416MV total) . . | |
e 15 rf freq. 230— 202 MHz oy
o P,=280,P,=15458N,=18.032 ~— . . ., ,
e Match and cool (80m) S
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e 0.75 m cells, 0.02m LiH

o “Realistic” fields, components < socH
=
Bunch Rgztate o #007
Drift (110.7m) 5im . B2m) Cool (to 100m)
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= Simplest Modification from Study 2A
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Add gas + higher gradientto

Magnetlic Field on axis

obtain cooling within rotator
~300MeV energy loss in
cooling region

Rotator is 54m;

e Need ~4.5MeV/m H, Energy 5&
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B, (T)

e 133atm, 295°K gas 0-
e ~250 MeV energy loss

Alternating Solenoid lattice in "o =

rotator 11-May—2004

20MV/m rf
Lattice changes

Drift (110.7m)
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£ Final” configuration
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Drift, buncher as before:
e 300 -230MHz rf
e 5Tm,V =3 2z/z, +9(z/z,)?
e “match” fron 2 Tto 2.75T
alternating solenoid at end
of buncher
e Rotator lattice

e 0.75m cells, 0.5m rf/cell
e 133AH,, 3.4 MeV/cell
o V=20MV/m, ¢$=20°
e 54m

e Post Rotator Cooling lattice
e V=16MV/m
e 133AH,

0.6
R{m)

0.4
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A€  ICOOL results- gas cavities — f&¢
e ~0.20 u/p within 3000
reference acceptance at 2500
end of ¢-E Rotator - pa
e ~0.10 y/p within /4 = nwithin E (of 5000)
. 1500 —=—£<0.015
restricted acceptance f e £<0.030
(€,<0.015m) 1000
e Rms emittance cooled 500 1
from €, = 0.019 to - 6 " ;%ttance cooling o L
€, =~0.009 onc
e Longitudinal rms 0.02
emittance =0.075 ot
. . 0.61 ‘—o—eon \""\.,
e Continuing Study 2A 0.005 +eLefp“0
cooling does not greatly 5 |
Improve acceptance 30 20 0 120 170 70
End of Rotator
7
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Cooling simulation results
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T T
region 361 4437 particles 0.4000
Fifrms)=1.8264 L =158.470m 1815 between 0.0800 and 0.2500GeV
dE=0.1919 GeV¥ Ebar= 0.25607GeV
Xrms=0.089213m  Px,rms =0.031899GeViec
0.40 0.00 0.40
| ‘ ‘ -0.4000
T T T
region 655 2764 particles 0.4000|
Fi(rms)=1.2788 L=214220m 2096 between 0.0800 and 0.2500GeY
dE=0.1186 GeV Ebar= 0.1986GeV
Xrms=0.064552m  Px,rms = 0.032902GeVic
040 0.00 0.40
-0.4000

Fii{rms) =1 7380
dE =0.1807GeY
0.342788 Gevw

-50.00

Hrms = 0.087263m

L=1114

region 105

T T
4470 particles

1837 between 0.0800 and 0.2500Ge

0.5000

dE =0.11
0150374
Hrms = D0&Re52m

-50.00

region 655
L=214220m

Ebar = 0. 1986GeY
Px,rms = 0.03238025eW/c
ex =0.002123 m-Gevic

2754 particles
2096 betwesn 0.0800 and 0.2500GeY

0.5000

50.00
0.0000
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£ Modify initial solution
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Change pressure to 150Atm
Rf voltage to 24 MV/m

Transverse rms emittance
cools 0.019 to ~0.008m

Acceptance ~0.22u/p at
€ < 0.03m

~0.12un/p at €, < 0.015m

0.025

0.02 1

0.015 A

0.01

Transverse emittance

0.005 -

(0]
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Same geometry - Be Windows ¢
Replace 150 A gas with
0.65cm thick Be windows %9
on cavities Ly
e Similar dynamics as H, T I.l .
bUt 0.% ﬁ;}ndnws
e Much worse Study 2A
performance (?) 0.
0.0 0. 1.5

Transverse emittance
cooling : 0.019—- 0.0115

Muons within Study 2A
acceptance:
e 0.134 p/p (e, < 0.03)
e 0.056 p/p (e, < 0.015)
Needs reoptimization?

. length {111:3

10
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Try LiH Windows N8
Replace 150 A gas with
1.2cm thick LiH windows 99
on cavities ) I.I .
e Similar dynamics as Be i
but Li
e Slightly better than Be T S
performance (?) .
0.0 1.5

Transverse emittance
cooling : 0.019- 0.0102

Muons within Study 2A
acceptance:
e 0.160 p/p (e, < 0.03)
e 0.075p/p (e, < 0.015)
Needs reoptimization?

; length {111:3
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N Cost estimates:

Costs of a neutrino factory (MuCOOL-322, Palmer and Zisman):
Table 12: Study ITb Costs

Study 2 Study 2B
O Proton Driver [ System K] T | &
Target & Capture Target, capture, 18 m drift 97.3 B6.1 | 99
Drift | Target 01.5 | Target 80.7
punch | Phase Rotation BmDrit 58 | 18mDrift 64
— Cooling (factor < 10) | Bunch and Phase Rotate 393.6 148.6 | 38
—] Rotator W67 | 82 mDnft 19.3
Linac Mini-Cool  11.3 | Buncher 44.8
Buncher 756 | Rotator 84.5
P eoo] 310.2 185.1 | 6D
RLA Acceleration Acceleration hdd.2 214 17
0 Mateh 56.7 | Match 23.1
o FEAG 1 Pre-Ace 136.8 | Pre-Aee 08.5
RLA 3500 | RLA 00.6
() rrac? FEACT 0L
. Storage Rin FEAG 2 106.1
) 9emng Ring RI5 R2.5 | 100
Tatal 1427 034 | 65

Combining cooling and phase rotation may reduce cost by ~ 100M$
12
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M$/GeV?

Table 5 Study ITh Buncher and Phase Rotation Costs

I ES Length k% /m GV k% /GaV scaling
Buncher [1.51 10,25 .12
Conventional 7.1 L 16 lemgth
Nagnets +PS 20,16 [ 153, 50=400 length x { BR*)57
Cryo 0.37 2 1x3.50="7.54 length x ( BR*)57
Yacuum 217 44 length
200 MHz RF 9 MV /m 120 [2 A 16.1,/0=30 V/E
200 MHz PS 505 [2 120 (0 /16.1)=06T VE
Diagnostics LY o3 length
Phase Rotation 84.52 hG.25 0460
Conventional 3.60 5.1 length
Magnets + PS5 23.00 1 15x3.50=4010 length x { BRY)5TT
Crva (. 7 {%3 KO="T. 5 lenath % ( .-‘;'Jf,*'-':!-hl'-l'-
Vac RIT¥ 17 length
200 MHz RF 12.5 MV /m 2.1 A6a (161712 5)=25.8 V/E
200 MHz PS 43.70 AGo 120 (12.5/16.1)=03.2 VE
Diagnostics 0.65 [1.5 lemgth

13
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e _ . nY:
F Cost impact of Gas cavities 5‘&\11

Removes 80m cooling section (-185 M$)

e Increase V,{ from 12.5 to 20 or 24 MV/m
e Power supply cost o« V'2(?)
e 44 M$ - 107M$ or 155M$

e Magnets: 2T — 2.5T Alternating Solenoids
e 23 M$ — 26.2 M$

e Costs due to vacuum — gas-filled cavities (??)

e Total change:
o Cost decreases by 110 M$ to 62 M§ (?7?)

14
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Je
b Summary

e High-frequency Buncher and ¢—3E Rotator (v-Factory)

e Variations (Poklonskiy may help),
¢ Shorter systems ??
e Other frequencies ?

e Gas-filled rf cavities
e Higher gradient??
e Optimize V'
e Cool in buncher rotator

To do:

e Optimizations, Best Scenario, cost/performance ...

15
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ORIGINALLY I WAS
SEDUCED BY THE SMELL
OF YOUR FRESHLY
BREWED COFFEE AND
TEMPTING PASTRIES.

BUT NOW I™ ALL
ABOUT CROSS—
CHARGING MY TIME
TO YOUR PROTJECT.

LML L L HY
ARE YOU HEREY

weny . dilbert. com  scottsdsms® aol.com

Fi-50F 2005 Scon Adems, Inc./Dist. by UFS, Inc.

@ Scott Adams, Inc./Dist. by UFS, Inc.
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¢ Front end with high-pressure cavities 5"'}1(
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See K. Paul —
C ) )
More for py-Collider J T
! : ) ) €

Keep beam within 1 or
fewer bunches

L '3hielding

| lmahching solenoids I$ |
|

|

I
‘supercenducting sclenoid | |

T . — ~_ — " pions
\
\
\
|
\
\
| [ 'RF Linac

‘ liquid metal target |
protons decay sclencids

Cavities start near target | | |

e (More radiation) o 5 ’

meters

Capture / phase rotate
within a few meters

Gas cavities enable cooling

17
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