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Muon Beam Requirements
for Future Muon Program

Experiment Charge Intensity Pulse width Pulse interval Energy = Mom. spread Polarization Note M E G P S I
(W107sec) (M8) (us) (MeV) (%) a
. o DC =l 1 <10 Depol e comtami. < 10-2, beam size cm

uN—eN' (PRISM type)

g-2

edm

3100
200-400

7 comtami. < 10-15, beam size cm

p lifetime + 10" ~100 30-100 4 1-10 M 7 beam T o N F

p lifetime () + 10" ~100 30-100 4 1-10 qu rl O at u aCt
Michel parmammeter + 10 <0.5 >0.02 30-40 1-3 ~100%

Pol param. + 10" <0.5 >0.02 30-40 1-3 Pol

u-atoms - 10" <100 100-1000 1-4 1-5 n/a e comtami. < 10-2, beam size cm
Life science - 10" 1 100-1000 1-4 1-5 n/a beam size mm

uCF - 10" 1 >1000 >100

uSR £ 10%s DC - 4 1-5 ~100% M L F @ J - PARC
uSR +  10"%s 0.001 100 4 1-5 ~100%




New generation of Muon Trio
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current limit

UN—eN’ BR(T1)<10-13
g-2 0.54 ppm
edm 10-19 e.cm

Use the front end of NuFact

Use a high intense proton driver and construct
muon facility.




Machine Requirements

© To carry out these experiments, we need

9 high power proton beam ~1MW- a few MW

m

9 pulsed proton beam width ~10ns

® single bunch fast extraction

@ to change beam structure to muon experiment
required one, accumulator ring would be
necessary

9 ex. J-PARC : + 3GeV-RCS + 50GeV-MR
6 FNAL : 8GeV-Linac + recycler




Pulsed Proton Beam Facility at J-PARC

50GeV-PS at J-PARC I S S
m High intensity 0.75 MW ‘ " I jgooeee—s00,
10"proton/sec

Upgradable to 4x10'“*proton/sec

/ %oo o§
|/ % §
m A narrow bunched : | :

o
oo
<>
for phase rotation

New Fast extraction line 1s necessary
LOI was submitted to J-PARC

Request for A Pulsed Proton Beam Facility at J-PARC
PRISM/PRIME, EDM ,g-2, Antiproton, NuFactJ

;—l_ll T T L T T T T %2"’ :VQ‘T . A "
] T O
LOlIs are available from :

http://psux1.kek.jp/~jhf-np/LOIlist/LOIlist.html




re-bunch 1n 50GeV-MR

C.Ohmori

It would work.
stability?




possible layout
Far facility Near facility

‘| |[Pulsed proton /Fast extractio
beamline Kicker
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design study of the fast extraction kicker
spec is almost same as the 50GeV-kicker, but ~10 times
faster rise time is required. need idea and study.




I-PARC506eVII k ¥ v H — X5 2 — 9 — 344

HH HHRK J-PARC-50GeV3| &
il G RC |HA FEEZ [IAfRge031211 = e R
727N E G o7 ) () h |mm NS 100.0 110.0 110.0
774V G 4977 ) ¥ () w_ |mm AJJ 100.0 100.0 100.0
a7-¥ 4y7 RS d |mm Neo*Oeee 2530.0 2525.0 2424.0
PRI 2 A WA Qipeon | MM A 15.0 15.0 15.0
HRAEOIRE 2 Oeepoon | MM AT 4.0 4.0 4.0
B Neee AN 110 101 101
7274 MNEF de | MM AS 19.0 20.0 20.5
i 4 R A Qe | MM S 3.0 4.0 3.0
HORE (I%7) Orgon | MM A 1.0 1.0 0.5
T — AL Qogoung | MM A 7.0 12.0 12.0
E é dsec m dfer+dmetal+droom 230 250 240
7:74 MR O | % rer/sec 82.6 80.0 85.4
N 1 E"— 5{‘/ A z | o AH 5.0 5.0 5.0
727 VALY IR Ly, | nH Uo*W*dy./(2h) 11.93805 11.42397 11.70957
727 A NASN DA )5 A Loonser | NH RET 0.90107 1.05334 0.73734
BaA Y IhUA L. |nH Lot Lo o 12.83912 1247732 12.44691
FY N\UH A Cec | PF L. /7 513.5648 499.0927 497.8765
RrE T |nsec Leo/Z 2.568 2.495 2.489
N7 R (1-99%) Tioo |NSEC 4.6*1, 11.812 11.479 11.451
Fon VI MR R A B AR A Ssec [ mm? ((drertroom™Ggrouna)/2) * Coec/ (2 £0) 188508 126828 126519
LB RER DY 6 13 3. | mm SQRT(S...) 434.175 356.129 355,695
JEH e Voen | KV ATy 40.0 44.0 44.0
Ry —7NVEE Vow | KV ATy 60.0 60.0 60.0
PFN Lo E—F A Zoen | @ AT 5.0 5.0 5.0
=7 A = A Zorneans] @ AS] 20.0 20.0 20.0
J=7 WS AR S Neaie | 7 Zoen! Zoencavte 4.0 4.0 4.0
R Ve | KV Veen/2 20.0 22.0 22.0
AL E—F LR Zo | @ AT 5.0 5.0 5.0
%R FEFTI—7 WA/ =] /% Zioneae | @ AT 20.0 20.0 20.0
=77 A B AEL Ny | & Ziond Zisncaie 4.0 4.0 4.0
=7 A7 Y ) R lm | KA Vind Zieabie 1.0 11 11
T licker | KA Vind Z*2 8.0 8.8 8.8
7274 M COF v97 WY B, | kG Uo* lyiker/N 1.00531 1.00531 1.00531
T2 NI T DX 197 NREYS | Byuse | KG Bi*Lnon e/ Lter 0.07588 0.09269 0.06330
Xy h— * vy7 WG B, | kG (Bs* drer+Buon-ter* (Ametar* Groom) )/ Oeec 0.84367 0.82279 0.86793
b e o | % Bu/Br 83.9 81.8 86.3
BLE (FEHLHREE) (B*d),|T-m B,*d 0.213448 0.207754 0.210387
50Ge VRS 7Bk » £ (0)socer] Mr | (B*d)a/(Bp)socew  ((BNsocey=169.8829) | 1.256444 1.222922 1.238424
ANJyEFRST 0 R Teurrent | NSEC N 400.000 400.000 400.000
ELNiA AL R Troung | NSEC 2*Ne ™1, 564.921 504.084 502.855
* vy7" WAIRSL B D IFE Tow | Nsec Teurrent T1-99%+ Tround 976.733 915.563 914.306




FNAL case

© studied by David Neuffer, WGA talk yesterday




8GeV Linac can produce streams
of 1.5x10'* 8GeV protons at 10Hz

* > 1022 protons/year

Only 1/15 of these needed for
Main Injector

Are there muon beam experiments
that could use this intensity ??

Tertiary muon beams:
* P+X—mn

e T—>u+v

102 w/p — 10?" p/year or more

FermilabTevatron Accelerator With Main Injector

Accumulator (8 GeY)
Debuncher (8 GeY)

/ Main Injector
{ 150 GeY
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Recycler as accumulator ring ? T"«Q
8GeV Linac produces 1ms Circumference |C=2TTR,,, |3320m
pulses at 10 Hz Momentum P 8.89 GeVic
Rev. frequency, | f, 89.8 kHz
* H-injection into Recycler | pegriod T, 11 ps
e 1ms fills circumference Slip factor n=1/y* 0.0085
- (100 1urns) Tunes voy,  |254,244
* Bunch beam into pattern
required for expt.
 Harmonic 10 buncher for But:

MECO, slow extraction

Harmonic 100 buncher for
PRIME, single bunch
extraction

Recycler circumference is

large

100ms may be too short a

time for bunching
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Space Charge Difficulty

| heF

Space Charge tune shift: 31, Ny,
oV =———
BY’Bgey

Parameters: N,,,=1.5x10%,€y, =201 mm-mrad ov =

MECO: 30ns/1ps : B= 0.03 —0dv = 4: too large
e Reduce N to 15x1013 -dov=04
* Reduce N to 0.4x1013 -o6v = 0.1

PRISM/PRIME 10ns bunches, 100/ring
e Bg=0.1 -dv =1.2: too large (but closer)
e Larger €, smaller N,

Smaller circumference ring would be better

11
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Muon Collaboration

W  Recycler — Bunching (~for PRISM)

T
Eave = -0.00GeV
dErms = 0.835 MeV

* Harmonic 100 buncher (9MHZz)

* Bunch for 0.1s
* (V. ramps to 140kV)

* Bunch lengths reduced to

~Bns rms
(Prism wants < 10ns full width.)

* Could then extract bunches one
at a time over ~0.1s

* Uses 1/2 the possible linac
pulses (500 bunches/s for
PRISM) (100 at 5Hz)

Emittance = 0.027eV-s

20.0

-20.0

T
Eave= 0.00GeV
dErms = 7.731 MeV

Emittance = 0.044eV-s

20.0

-20.0
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Muon Beams from the Proton Driver could be very
useful

Potential muon beam facilities could be developed:

MECO, PRISM ... could be hosted

More Detailed design needed

* Proton Collection
— Recycler, Accumulator, Debuncher, ...
— New Stretcher/Buncher ring ??

* Beam line(s)

* Experimental area(s)

17
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Summary

high power proton beam ~1MW- a few MW
pulsed proton beam width ~10ns

single bunch fast extraction

re-bunch 1n accumulator ring would be
necessary

kicker design

These item should be studied for all candidates
of NuFact’s proton driver.




