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» Front End for the IDS Neutrino Factory
= baseline design for IDS
* Developed from study 2A, ISS
= Basis for engineering/costs
* Rf requirements

> Variations

= rf gradient/ B concerns
* alfernatives
= gas-filled rf/insulated rf/low-B/

= Losses - control
* Chicane, proton absorber

» p*-y- Collider Front End

= Shorter bunch train
* Larger V', rebunching
= Rebuncher
* Time reverse front-end
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FE% Solenoid

> Drift (m—y)

,Qfacd(IDS Baseline Buncher and ¢-E Rotator #

> “Adiabatically” bunch beam first (weak 320 to 232 MHz rf)

> @-E rotate bunches - align bunches to ~equal energies
= 232 to 202 MHz, 12MV/m

> Cool beam 201.25MHz

COOLING LATTICE

E
2
M SC 106 A/mm?
coil

50— rf cavity

201.25 MHz
25— 15.25 MV/m

rf rf rf
cavity avity
|

0
0 25 50 75 100 125 150 Z(cm)

- —

Tar Drift
et ¢

<
Ll

" 18.9m ~60.7 m

SME

A 4

Buncher Rotator Cooler

~33m 42 m ~80m

...
Dirife r-Buncher ... 1'f—R-:-t:LtiUu' . ' ' ' . '
»
- - 3

ct




& ACCe/@

7EKQEE;KQ{

Prograc®

> Drift from target ~80m 700
Beam lengthens
(et = L(i_i)
> Buncher (~33m) A Pols
= N=10

= Pp=233MeV/c, Py=154MeV/c
* 330 >235MHz 4 ()= 5CL0N _
= V'=0-9 MV/m
> Rotator (~42m)
= N=10.05 -
* accelerate/decelerate bunches
= 235 — 202 MHz,V’=12 MV/m

> Cooler (~80m)
= 201.25 MHz, ASOL lattice
= 15MV/m in rf cavities
= LiH or H, cooling

» Captures both p*and p-

Neutrino Factory Front End
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ey ICOOL - G4beamline HES

Progras®

Transverse emittance, muons, G4beamline and ICOOL

> P. Snopok has run the IDS front oo —
end with both ICOOL & G4 Eboreniiogt
H 0.02F ===|COOL, 1
beamline ===|COOL, i’
= High statistics (>10°tracks) Sore
= Obtains ~0.1 y*and y~ /8 GeV p E
within acceptances " oo
® £<0.03,¢ <0.15
0.005
> Validation of simulation codes .
u SimUI'l'aneous SimUIaTion Of bOTh 03 Muon yield plerincidentprloton, G4beamline and ICOOL, useful muons
S lgnS — G4beamline, p°
0.05k| — G4beamiine, u:
Particle distribution after cooler —— G4beamline, n~ and w
400 —— ===|COOL, w
W : 0.2F---1cooL, u*
890 ’ ===]COOL, u* and p°
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> Initial drift from target to buncher is 79.6m

= 18.9m (adiabatic ~20T to ~1.5T solenoid)
= 60.7m (1.5T solenoid)

o

%(( Parameters of IDR baseline -_“_-

> Buncher rf - 33m
= 320 > 232 MHz [
= 0> 9 MV/m (2/3 occupancy) camty | | cawey | | comey
= B=15T o= =

> Rotator rf -42m
n 232 = 202 MHz

= 12 MV/m (2/3 occupancy) 5 oo
| B:15T 50— mr:-ggvhiﬂtﬁz
> Cooler (50 to 90m) waswm |

0 1
0 25 50 75 100 125 150 Z(cm)

= ASOL lattice, Py = 232MeV/c,
= Baseline has 15MV/m, 2 1.1 cm LiH absorbers /cell



Pccelg,,
%
N

Progras®

> Specify front end in specific rf cavities, frequencies

> Buncher - 13 rf frequencies

= 31963, 305.56, 29393, 28546, 278,59, 272.05, 265.80, 25983,
25413, 24867, 24344, 23842, 233.61 (13 f)

= ~100MV total
* Keep V' < ~75MV/m

> Rotator - 15 rf frequencies

= 230.19, 226.13, 22259, 21948, 216.76, 214.37,212.28, 210.46,208.64,
206.90, 205.49,204.25, 203.26, 202.63,202.33 (15 f)

= 336MV total, 56 rf cavities
* 12MV/m at 2/3 occupancy
> Cooler
= 201.25MHz -up to 75m ~750MV
* ~15 MV/m, 100 rf cavities

Magnet Requirements:

Table XIV. Summary of front-end magnet requirements.

Length |[Inner radius|Radial thickness|Current density|Number

[m] [m] [m] [A/mm?|
Initial transport| 0.5 0.68 0.04 47.5 180
Cooling channel| 0.15 0.35 0.15 +107 100

7‘3\1’1%}(’( IDS : hardware specification

o
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,waﬁf Buncher/Rotator/Cooler requirements ._.“_.

> Buncher o
= 37 cavities (13 frequencies) =0.66m | O |
= 13 power supplies (~1—3MW)
> RF Rotator ooy | covy | | cay
= 56 cavities (15 frequencies) 0 3 — =
= 12 MV/m, 0.5m _
= ~2.5MW (peak power) per cavity EE-_ sc Zij::f;mm
> Cooling System - 201.25 MHz s P—
= 100 0.5m cavities (75m cooler), 15MV/m 29 o
) N4MW /CGV'TY 00 25 50 }|'5 100 125 150 Z(cm)
FrontEnd Length | #rf frequencies | # of rf gradient | rf peak power
section cavities freq. requirements
Buncher 33m 37 319.6to 13 4t07.5 ~1 to 3.5 MWifreq.
233.6
Rotator 42m 56 230.2to 15 12 ~2.5MW/cavity
202.3
Cooler 75m 100 201.25MHz | 1 15 MV/m ~4MW/cavity
Total drift) | ~240m | 193 29 ~1000MV | ~550MW 3




T«(’lfr}(’( How Long a Bunch Train for IDS?

B3¢

» ISS study alotted space for 80
bunches (120m long train)

> For IDS 80m (54 bunches) is i e
probably plenty
H“ HH“H\ “” JH[MH mm}lm Ml L
MUOn Decays 12 m ct [m]

V "

Muon Storage Ring

IDS: ~3 bunch trains simultaneously
-both y+ and y-

. LW[MM.H[ |

280 300 320 340 360
< p-ct [m]

80m °
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Possible rf cavity limitations
Prograc®
gV’rf may be limited in B-fields £ 40° K, o
= 800 MHz pillbox cavity %20 | LW
= 200 MHz pillbox test (different B) :: ?S?MHZ
» NFneedsupto~1.5T,12MV/m "w | i
* More for cooling | 201MHz At
T ....;)11 i A....llo PR .
Pote ntial Strategies: e Max (along z) Magnetic Field (T) ‘
» Use Be Cavities (Palmer) g
HEDI: ] gopypllurE&RRRlléoo)
> Use lower fields (V’, B) o AR RRA— 18
. I

<10MV/mat 1.5T?

= Needvariantforcooling?

» Cooling channel variants

Use gas-filled rf cavities
Insulated rf cavities

= Bucked coils (Alekou)

= Magneticshielding
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Ry Cooling Lattice variations

Prograc®
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> Gas-filled rf N
= With LiH absorbers
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> Start with 4MW protons
= End with ~60kW p* + p-
* plusp,e m, ..
* ~20W/m p-decay
= ~0.5MW losses along transport
* >0.IMW at z>50m
» Want "Hands-on" maintenance

= hadronic losses < 1IW/m
= Booster, PSR criteria

= Simulation has >~100W/m

* With no collimation, shielding,
absorber strateqy

"Particles, particles, particles."
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> Add shielding

ol /( Control of Front End Losses

= Resulting losses ?

T—u

> Chicane and proton absorber
to localize losses (C. Rogers)

FE
Tad_Solenoid Drift Buncher
ge

12.7 ~60.0m ~33m

\iolenoidal coils
| |

Rotator

42m

Cooler

~90 m

r=0.65m
= Removes most protons | - |
- , : ielding ?
= Most desired \'s survive _ Shielding
=0.3m
= Greatly reduces downstream
activation problem =0 = _
2.25m
: B,: 1.5 T n,; 10.0 d&: 1.257 |
A T —
e = o
Ell;lzz:ﬁger b i ) E :
= back 1 —
S 4p. 0 —
Ebegd i MZ
out
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% taper 45
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/;f“(ﬂ Muon Collider/NF Beam Preparation #

Progra®

> Baseline Muon Collider beam preparation system
identical to that for Neutrino Factory

= downstream portions (6D cooling, acceleration, collider)
are distinct

* much more cooling and acceleration needed for collider

FRONT END MUON SOURCE ACCELERATION RING

10-25 GeV

55, |
TF 215 O m Neutrino
- ~—— | v Factory
Proton Source >0 3 T { .
SE c0 = 8 —
o8 28 £ 15-5 GeV ~1km
Bg S
@ o
i
FRONT END MUON SOURCE 6D COOLING ACCELERATION RING
ol ~ Muon
e 0.2-2000 GeV t :
> ' —» | Collider
*Q-@—L —
Proton Source 5. T o 5 —= & \,/
® & L) ——
38 G 3 = QO u‘l‘
o5 58 ~° ~ 4 km
= 14
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%5@( Front End for Muon Collider

Prograc®
> Muon Collider front end is different A Sl
= must capture p* and Ffi‘;i"é.’:d[ B Prse Roeate
#12, Initial Trans Cooling

= want single bunches (not trains)
* Bunches are recombined ..
= Maximum p/bunch wanted
= Longitudinal cooling needed:;
= Larger rf gradient can be used (?)

* NF will debug gradient limits
* Cost is less constrained

g+3 201 MHz 6D Cooling
#4 402 MHz 6D Cooling

#5 Merge to Single Bunch

$ 46 201 MHz 6D Cooling
T = #7 402 MHz 6D Coocling
= %8 805 MHz 6D Cooling

#9 Transverse Coal in 50 T

/’“ P 4
‘\_/: | “\_Ji)

» Use shorter BR system, more | " Colider g
gradient, and capture at higher
momentum
= 230 270 MeV/c h |
= 150m = 120m o Ll“ l l“_lllulli..}LLlL..L. AAARREL
= 9/12/15 MV/m > 15/16/18 or R
15/18/20 MV/m e
ST — 15
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7* «("fr}(’( Muon Collider variants

> AN: 1028

> Rfgradients:12.5> 15> 18 MV/m
= Or15-> 18> 20MV/m

> Shorter system~102m

region 1214 5029 particles
4814 between 0.0800

- Fitrms) =2.64: .
HE =0.2137 GeV Ebar = 0.3360GeV
‘Krms= 0.064162m Px,rms = 0.017657GeVic
N 2 1 £ 8% % 2 ¥ L kgoir
Hi33 1223142 fi FUEERbtqtpetasinsaatnes
30 - 5.00
0.00
0000

FE
Tar% Solenoid Drift
et | .

Buncher Rotator Cooler

g T e s

[
>

A

"14.05 n ~33m

~25.5m 27 m ~80m
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Front Drift, Buncher, |Rf Voltages |Full length Core
end Rotator Length (w 75m .03, .03, bunches,
Scenario cooling) - - Ng all p-/p

IDS/NF 806,33,42m 0->9,12,15 230m 0.086 0.116 20/0.107
N=10 553,315,33 0->12,15,18 205 0.106 0.143 16/0.141
N=8 478,355,27m 0->15,18,20 180 0.102 0.136 13/0.123

region 13ST F270 particle: o 7000
Fifrms) = TTOo L =243 476 m SOT2 between O.O0BO0 mrd O ISOOG e

AE =0 FOET GeW Ebar = 0.2672GeW

Xrms— 0.0559965m Px,rms = 0018329 G eV,
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dE=0.1893| . -
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» Initial Cooling transition
= NF transverse cooling only

= Transition to 6-D cooling needed
* Snake? HCC? "Guggenheim"?
* Splity-
* Cool 6-D by large factors

> Recombine Bunches
* After cooling to small bunches

= Front end splits 1 huge emittance
bunch into string of smaller ¢ -
bunches

* Can we time reverse to combine

cooled bunched fo single bunches
?

1%15%( Integrate into 6-D cooling system

B3¢

8 GeV SC Linac

Main Injector to 60 GeV

Hg Target

20 T Capture Solenoid

Phase Rotation to 12 bunches (1)
Linear Transverse Cooling (2)

6 D Cooling (3,4)
Merge 12 to One Bunch (5)
6 D Cooling (6,7.8)

Transverse Coolingin 50 T (9)
Linac

RLA(s)

Pulsed Synchrotron(s) ?

Collider Ring

18



;Qfacd((Bunch Recombination: Helical Channel .¥

> Would like a large
dependence of path “ A A=
length on energy

> Helical channel
naturally has that

= Linear dependence is
hicest ...

» n=0.43 looks possible
= HC- B= 42T b,=0.75,
b,=0.4
= k=1, A=1.6m, P;=290MeV/c
= D"=1.7, D=0.44m
* "v,"=1.085

015 020 025 030 035
Momentum [GeV/c]
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T.-d((facd(( Longitudinal Dynamics in Helical Channel

A rogras®

> Set up an HCC & see if

F % % Entries 2100 I ‘g Entries 1818

r * Mean x -0.01974 o ’ Meanx  56.33
bunch recombination is mf vy, ) ol “, iy a3
. : Yy, o 2% ol ‘e, Integral 1615
possible “to, EEH Tes,  EiEE
150 s ¥ 2009150 ")‘,—
" K= = g Ty : Te
k=1, n=0.43 w-  No RF Yy |m-  NoRF s
¢ A:]-m 50:— z=0m 50:_ z=10m
: @ g (b)
0: il P PR TR SR IS R S : | P " i -
-40 -20 0 20 40 20 40 60 80 100

) qTI_PhI Ptot+105.66105.66)-105.66 v: sqri(Ptot*Ptot+105.66"105.66)-105.66 v:
2=20m Slip=0.43 Bz=5. dp 27M Ve di=t D!ﬁ dx dY ODEQmdep d\‘p 0.004 2=37m Slip=0.43 Bz= 57po 2.7MeVe di=0.36ns dX=dY= DDBSmdep dYp=0.00
KEref=200Me feV R=idcm 2 Rl 20N L D it e A St

S

et Pt

Mean x 105.7 Meanx 189.5

° . r L i e —————— ——
> Very linear bunching over ™ ., === =
250(— *, Meany 1856 | 250 } =t Meany 1856
| - — F EP3 RMSx 1461 | . RMSx 5831
- 1 50 280 Mev -";’ RMS y 52.3 C = RMSy 5231
200(— .d‘,. Integral 1813 | 200— -l Integral 1813
i o o of | o ol o
. ‘o o813 of [ ~ o[ 18130
150[- N I’- 0 0 0] 150— _/',, 0 0 0
4 - ’
No RF ‘e No RF ‘s
100 - 20 ¥ 100 »
zZ=<0m z=37m

> See if one can set up HC _
|ine for‘ r'eb‘lr|c}"ir‘g with T T R T R [ "51:{0 6o %0 200 220 240
this case

= Defer matching problem
by using constant HCC
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imulate in 3-D- G4BL
e

Yoshikawa

» Obtain beam from end of 3-stage

HCC channel

K. Yonehara

= 13 bunches, ¢ =0.0011m

= n=0.43 transport

> 40m 1IMV/m rf

= 204 > 270 MHz
(+45° to -45°) (N=12.25)

°* n=043

> 60m drift

> 200MHz rf -10MV/m

= >95% capture
= g =~0.040

60MeV

=2.065MeVc dt=0.07369ns dX=d¥=4.2426mm dXp=dYp=0.08!

sqrt(Ptot*Ptot+105.66*105.66)-105.66 vs. t
z=0m Bum:h Merge Preparation Vmax=1MV/m Slip=0.43 Bz=5.7T KErei—200MeV

= Entries
240 == Mggn x =0. 003209 F
- -_—
= RMS 1871
230f Z= 0 m RMS ;al 1,945
E 0 0 1]
220 o[ 1300] 0
F 0l 0| 0
210
200F- | N T T N B T N B O A
190
180
170
= a0nc
160~ OUTTS re
TN T [P T [ T T T (ST S (S N (Y
15030 20 10 o 10 20 30
200 Sy
z=40m |5 .2
230 — RMS x 14.22
= ? § RMS y 17.5
220 ? N ~£ ‘ g Integ‘ral 5 ‘130
E 0| 1300
210 A 4 o of
200 ? # *
190 S )
= L] "
180 :
E F
170 ! f
160
150 = | | ] L 1

170 180 190 200
dp=2.065MeVc di=0.07369ns dX=dY=4.2426mm dXp=dY

Mean y 200.

510220 230
=0.08014 KEref=200MeV i

Entries 1300
Mean x 503.3

RMS x 1.329

1

RMS y 17.51
Integral 1300
8] 1] 1]
0| 1300 [1]
[¢] 0 0

\";\x\\\\\\\iﬁ

2=40+60+5m MergePrep 40m + 60m Drift NoRF + 5m RF Capture | Prep Vmax=1MV/m Slip=0.43 Bz=5.7T |
(v}

dp=2.065MeVc dt=0.07369ns dX=d¥=4.2426mm dXp=dYp=0.08014 KEref=200MeV

- -_—

240(— Z - 105m

220—

200— Entries 1300
- Mean x 528.5
| Mean y 199.9

180— RMS x 1.368
- RMS y 20.33
B Integral 1300

160|— o 0 0
- o[ 1300 o
B [ 0 0

7| O O S A R T

500 510 520 530 540 550 560

sqri(Plot*Ptot+105.66"105.66)-105.66 vs. t




> Muon Collider:

= Need to integrate bunch
combiner into complete
cooling scenario

> v-Factory front end

= costing exercise for IDR
* “"Most Likely" cost range?
= rf in magnetic fields ?
* adapt to rf measurements
= manage losses

* chicane/absorber/ ...
* simulation studies

Summary

I-4 MW

Proton
Source

Accumulate
& Rebunch

Hg-Jet Target
Helical Cooler (MB) Decay
= Helical Cooler Multi-Bunch ~ Channel
Helical Cooler (SB) Buncher | | p =L Rotation
= Helical Cooler Single-Bunch  Linear
Cooler
Helical Helical
Cooler(MB) Cooler
Helical
’\B/lunch Bunch
er-ger Merger
Helical
Cooler(SB) Ring Cooler

Li Lens Cooler

Pre Accel
—erator

Acceleration

4 km

Collider

W
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ARE YOUR
PROJECTIONS
REALISTIC OR
OPTIMISTIC?

Dilbert.com DilbertCartoonist@gmail.com

Questions?

THEYRE HALFUWAY
BETWEEN A LUCID
DREAM AND A
NEAR-DEATH
HALLUCINATION.
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