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Table 1: Muon Storage Ring Design Parameters and Con-

straints .
Storage Ring Geometry

Storage Ring Energy
Vertical Descent Limit
Declination Angle
Cross-sectional profile
€-ms (normalized)
dp/p (rms)
maximum poletip field
arc cell phase advance

racetrack
GeV 50 _
m ~183
deg ~13
m 813
mm-rad 327
% 1
T 6.0
deg 90
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MuSR DIPOLE CROSS SECTION

BEAM TUBE :

MADE FROM TUNGSTEN
: : : : STEEL SHEAR PIN

ELLIPTICAL APPERTURE 100x80 mm

HEL UM _INNER TUBE — ) STAINLESS STEEL KEY
HEL IUM VESSEL SHELL \ SPACER
oD 410 mm ‘
ID 150 mm
WO Rl oF 100
{ |
®
|
SUPPORT

HEL /UM COOL ING CHANNELS
LIQUID NITROGEN COOL ING TUBE
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NITROGEN
CRASH TANK %

RACK & PINION
ALIGLIFT ELEVATOR

CRYO BUSE — \
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Superconducting Dipole Parameters for MuSR

Basic Parameters:
ugm T
24 m
Current 15 kA
K
(HxW) x 100
Beam Tube Thickness 10 mm
T of Beam K
Coll:
Cos(Phi)
umber of Turns in Coil
uctance 12.5 mH
Energy 14 M)
Structure:
old Mass Diameter 10 mm
of Cold Mass 3 m
t of Cold Mass t
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o Maingtream sludies

. Alternate proposals
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DRIVERS

[P: 4 MW
0t = A ms

: 50 Gey v{act: op ko 1 kily
. Fep. rate: no clear othum 3Tey pcoll: ~ 30 Ha

cnvisa.aed: (0.5) LS — 7§ H}
* N} bunches/tra,ih . not clear
'Enera);: not clear

chvnsa.zedz 2.3 o 50 GaV

- cxish'ng hardware fo revse
+ varicky of experiences [competences

+ mulbipurpose

= Diversity of selufions

¥ Goals are Passible to achieve




Table 2: Proton Driver Parameters of Present, Phase I and Phase II (04/06/00)

—

Present Phase I Phase 1l
(v-factory) | (pp-collider)
“Linac (operating at 15 Hz)
Kinetic energy (MeV) 400 400 1000
Peak current (mA) 40 60 80
Pulse length (us) 25 90 200
H~ per pulse 6.3 x 10*2 3.4 x 10 1 x 10
Average beam current (pA) 15 81 240
Beam power (kW) 6 - 240
Pre-booster (operating at 15 Hz)
Extraction kinetic energy (GeV) 3
Protons per bunch 2.5 x 10'3
Number of bunches 4
Total number of protons I %10t
Normalized transverse emittance (mm-mrad) 2007
Longitudinal emittance (eV-s) 2
RF frequency (MHz) 7.5
Average beam current (pA) 240
Beam power (kW) 720
Booster (operating at 15 Hz)
Extraction kinetic energy (GeV) 8 16 16
Protons per bunch 6 x 10° |7.5(L.7) x 10'?| 2.5 x 10"
Number of bunches 84 4 (18) 4
Total number of protons 5 x 10'? 3 x 1 1 x 10"
Normalized transverse emittance (mm-mrad) 157 607 200w
Longitudinal emittance (eV-s) 0.1 2 (0.5) 2
RF frequency (MHz) 53 1.7 (7.5) 7.5
Extracted bunch length & (ns) 0.2 3 1
Average beam current (uA) 12 72 240
(Tasget beam power (kW) 100 1200 4000




AGS Proton Driver with SC Linac

Upgrade I:
1.5 GeV SC Linac + 2.5 Hz AGS

200 MeV Linac Bovates

Upgrade I1: /

SC Linac: 1.5 GeV —> 2.2 GeV

< Upgrade III:
5 Hz AGS



Parameters for AGS upgrades with SC Linac

200 MeV Linac intensity/pulse
200 MeV Linac rep. rate
Final energy

p*y

SC Linac intensity/pulse
SC Linac rep. rate
SC Linac extr. energy

BHy°

AGS intensity/pulse
AGS rep. rate

Rf gradient

AGS extr. energy

Beam power on target

Upgrade I

12 x 1013
2.5 Hz
200 MeV

0.573

12 x 10"}
2.5 Hz
1.5 GeV

14.9

10 x 1013
2.5 Hz
15KkV/m
25 GeV

1 MW

Upgrade 11

24 x 1013
2.5Hz
200 MeV

0.573

24 x 10
2.5 Hz
2.2 GeV

34.1

20 x 10
2.5 Hz
15 kV/m
25 GeV

2MW

Upgrade III

24 x 104
SHz
200 MeV

0.573

24 x 10"
SHz
2.2 GeV

34.1

20 x 1013
S Hz

30 kV/m
25 GeV

4 MW



Neutrino Factory & Muon Collider
Collabolation Meeting
Catalina, CA. May 17-19, 2000

Upgrading - Beam intensity of the 50-GeV PS

Beam Intensity 1=3 3 x 10" ppp, i=20uA(fast ext.) Beam Power 1 MW

1) High repetition rate
0.3Hz  --—--- > 0.5 HZ
(B=1.9s,D=0.7s) (B=0.8s,D=0.35s)
2) Longitudinal barrier
free from harmonic number #of bunches: 8 bunches ----- > 20 bunches
space charge tune shift Av=-0.1 ------ > -0.25
a) w/o barrier bucket 1=3.3 x 10 ppp
b) w barrier bucket  1=8.2 x 10" ppp

A+—B--—-—>+—c —% D

1} ¢+ 2) =
Beam Intensity 1=8.2 x 10" ppp, =87 pA(fast ext.) Beam Power 4.4 MW



5GeV, 50 Hz Proton Driver

Collimation — 180 MeV H- Linac

Momentum Ramping




Adee 2.2 GEV PROTON DRIVER SET-UP

(140 + 6 empty) per turn ' p
§ x 140 x 660 bunches . nobeam
.

L
R RN FEEFEE R RN

DEBUNCHER
T=22GeV -
I, =11 mA (during the pulse) it
Tgunew= 18 mA 1.08 x 1% protons/bunch
3.3 x 10 protons/bunch I, ~ 3 s (on target)
=24 ps

&%, v=0.6 um r.m.s

R. Garoby for the SPL. s SPL at CERN
Working Group  19/5/2000

llé)_.llnuln;smc:l: e TARGET ; o) H‘3
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No. 9] Neutrino advanced generation with accelerated muon

Mirror

Production Target :
Fig. 2. mmwu‘mxamwmmmm-mmmmmmmammmm.
Pion capture &
Decay Solenoid
/ /IOkgVu"'gmuos'
|

N

Race Track
Storage Ring

L

[ ¢* Dump
| Vu, Ve

Fig. 3. Proposed scheme of the advanced generation of neutrino beam based upon a decay of the muons accelerated

from the ultra-slow 1" ion-source.
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WHAT Do WE CONCLUDE 7

oProarcss since Lyon 7 _,.defailed work sfarted
. sophish'c',a.hbn introdvced

eTime to intreduce errors 1

« Do we have necessary tools ?

. simvlation seems OK : 3ood inkern. coll.
5 |au:h oPl'im:'éafcbh rovtines
o lack a.na.,_yh'o Q,Pproach /

e Need for universal ft'gure o_f merjt [{lt/,:s.y '?)

aqope WG § cousidered.ﬁ beam : to do what ?
.dia.gnosh‘cs in harsh environment

what do we exfecf' abt next fmeeh'h% C“"“ A.yea.r) ?
. componenfs c\eveloPc& i capa.bi/ih'cs assessed .

. better de-ffnihbh a.f 300./5 .for Phased approach
» Comparison RE/IL.
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ITDEAS FOR
EMITTANCE
EXCHANGE

Gail @. Hanson
NWFACT /00
May 24, 2000



INTRODUCT(oON

Transverse ionization cooling is produced
by passing the muon beam through
material CLHZ), which decreases both
the transverse and ftongitudinal mowmenta,
Longitudinal momentum is restored using
rf cavities, Selenoidal magnets provide
focusing,

The cooling channel in neatrino factory
designs produces longitudinal heating.

Longitudinal cooling would improve the
performance for neutrine factores.

Longitudinal cooling is absolutely necessary
for & muon collider,

Emittance exchange can transter the cooling
to longitudinal phase space. This can be
achieved by producing a correlation between
energy or time and fransverse momentum or
position.

Example: Léwuf 6;{{93’ /

—— ->--
Hugh;r;semgy

Higher energy muons lose more energy than

R s S s S



Some emittance exchange sSchemes that have
been proposed.:

¢ Bent solenoid { wedge
e Djpoles § wedge
e RF cavities

° Ring cooler

* Correlation between ewerg 12/ aud. traus -
verse position ( 8 func ion)

¢ Bunch stack | ng

» 3D jonization cooling along a spiral
erbit in a solenoid

e Others? Lithium lens, plasma lens, ...

So far, none of tese has been proven tfo be
successful in a full 3imulation.



Emitfance Exchange Workshop at BNL
September [-29,5 2000

Registration form has been sent around.
Organizers: Gail Hanson 1 Rick Fernow

Would like to have some simulation efforts
started. beforehand. Who?

G. Hanson- attempt simulation of spiralcooling inIcoot
R. Palmer - B affect |
Y. Fukwi - stacking

(R.B ~ ' “gi

il

Will pat new link on Emiftance Exchange Web
Page to list these. Talk with me here or

send e-mai| o 344'16 indiaua., edec .



Solenoid Capture

Harold G. Kirk
Brookhaven National Laboratory

NuFACT'00
Monterey, California
May 22-26, 2000



TARGET, CAPTURE & DECAY

)
~
gions
~
)
matching solenoids \ T ——
mercury dump window
superconducting solenoids
resistive solenoid RF inac
liquid metal target decay solenoids
proton beam
0 2 4 meters 6
e TARGET :Liquid Metal Jet
e CAPTURE:20 T Solenoid
e BEAM DUMP
e MATCHING
e DECAY & PHASE ROT:1.25 T



Number of Mesons

Capture Channel-50m Drift

350
Source Mesons
300 - P, < B256 MeV/c T
30 < KE < 230 MeV
290 ~
200 -
1850 -
100
50
O i
0.0 0.4 0.4 0.6 0.8 1.0

ptot, GeV/c



Variation of target tilt angle

e 1.0cm diameter target
e proton beam o; = oy = 0.15 cm
e proton beam KE = 24 GeV

Results at end of Phase Rotation I

24 GeV p Hg —» T 4 X
0.7

Yield at end of Phase Rotation |
0.65

06 °

0.55 | .

Meson/Proton Ratio

05 ¢

0-45 1 1 1 1 1 1
0 50 100 150 200 250 300 350

Tilt Angle, mrad



Pion Production/Capture

Meson/Proton Yield
16 GeV Protons

Carbon Mercury

T (30 <KE<230MeV) .182 .309
7~ (30 <KE<230MeV) .153 315

24 GeV Protons

1t (30 <KE<230MeV) 469
a1t (190 <P<390MeV/c) 636



;
ff.-y( RF approach to front end

the overall system

beam dynamics for each section

the pros and cons, the technical challenges...
future work

feedback

® 6 6 o o

Nessaners Lemoan






30m

Decay il

30m
Rotation

44m
Cooling |

32m
Acc.

112m
Cooling I

30x 1m RF
40 MHz, 2MV/m, 0°

4x1m rf @40 MHz,
2MV/m, 0°

24cmH

same as Cooling |,
no Hydrogen

8x0.5m rf @80 MHz,
4MV/m, 0°

40cmH

same as above,
30° _
no H in every 5 cell



END OF DECAY

phi(deg at 40 MHZ)-W(MeV)

= after decay
after target
« selacted for rotation

~ 50 % of the muons are selected

there is no improvement of the decay channel that can
increase this number



ROTATION

30 cavities , 1 m long, 40 MHz, 2MV/m, 1.8 Tesla solenoid around (or
adjacent)

phi (deg at 40 MHz) vs enargy (MeV)

3650
366
-
.
L 2
.
-
-
-
kY
L]
«input
+ -y = output
a e
+ . .
. .
s ** 3 . et
* * A ey
» L
55
8 -
250 200 150 100 50 0 50 100 150 200 250 300
vrm —— -—
|
366-
>
*
+ |
4 . ‘ 1
- - |
| .
| % . einput
| mafter6 |
| after 12|
- ; « after 18
158 F1o 3 « after 24
o e » after3)
- .
$ * *e® X x =
’ +%"1
ey ,“0 q:.l. #
¥ ?“u' x
56
-250 -200 -150 -100 -50 1} 1) 100 150 200 250 300

rotation : 3 deg / cell , rf defocusing small



COOLING-40MHz

phi - kin energy (deg at 40 MHz-MeV)

8

« input after rotation
- after first cooling stage |
« after first acceleration |

-

50 a 50 100 150 200 250 300 350

phase histo after first cooling and acc

0 20 40 60 80 100 120 140 1680 180
deg at 40 MHz

65%o0f the particle are in 90deg at 80 MHz



COOLING-80MHz

phi - kin energy (deg at 80 MHz-MeV)

input to 80 after 5 cells end of 80 MHz *
MHZ cooling cooling .
150 ~
100 |
= “inpd 10,80 Wz cooiing |
» after 5 cells |
« end of 80 MHz cooling |
0 - -
0 100 200 300 40 50 8O0 700



40-80 MHz scheme at 1 GeV

e 1.5 pi cm rad nom
xp(rad)

deg at 80 MHz - MeV

266

—0.06 eV sec,i.e. 15 cm dp/p i
W-Wo




PARTICLE BUDGET

At the moment :

0.012 pproton i.e. 1.2 10*' pw/year of which half are in the re-
circulator acceptance (1.5 pi cm rad, 15 pi cm dp/p)

pionimuon budget 40-80 MHZ scheme

smooth the
longitudinal dynamic

transition (under way)

production decay rotation cooling 40MHz acceleration cooling 80MHz acceleration



Magnetic Horn Study
for the NuFact

Alan Ball
Alain Blondel
Simone Gilardoni
Nikolaos Vassilopoulos
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The Horn:
vote for it!!!

H200, I =150 kA, ¢ = 380mrad

I

\—/ 0—380° rays, 20mrad step
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New horns
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Conclusions

Number of =+ for 2 GeV proton per 2 A

Radius < 30 cm qm,wy Units |
Y>1

S 300 T 300 Solenoid
After match 0.6 11.5 8.6
After 1 m Tl 9.9 7.3

Future works includes C targets, material simulation



200 MHz Buncher Section

David Neuffer

& Fermilab

with R. Palmer, V. Balbekov, A. Van Ginneken, C. Kim,
G. Penn, ...



Buncher Section
Purpose:

» Split long bunch from rf rotation section (induction linac)
into string of 200 (Or 175) MHz bunches for cooling section

e Transverse match from induction linac (B=1.25 T)
Into cooling channel

Baseline Beam parameters from rf rotation

P,.centrai = 200 MeV/c
(Kinetic energy = 120 MeV)

Longitudinal
Liota = 100 m (0, = 16m)
op = 8to10MeV/c (PJK ~4MeV/c)

Transverse:
ern=20.015m (o,=8cm)

Cooling Channel beam parameters:
o = 10cm; o, = 15 MeV/c
B. = 0.3m (o, = 5¢cm)
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Possible Configuration

(C. Kim - 2-step buncher, 1.1m cells):

Muon Beam Bunching and Malching Section
for lonization
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Case includes transverse matching solenoids



Feasibility study buncher:
(50m drift +100m induction linac—+ “minicool”)

3x6 MV 3x8 MV

3x6 MV

1.944

Z=15445m 7 =170.882m
Beam after Buncher:
cT (m)
MHz periodicity:

Distribution folded over 200

Total energy (MeY)




R&D to do:

Optimize/ improve scenarios
Rf capture = Cooling

Need more 6-D, integrated simulations

At output of induction linac, AE is too large
= Output of buncher has ¢, is too large
(overfills rf cooling bucket)
= Large losses in buncher and cooling channel

— Need energy cooling
—Emittance exchange workshop (July at BNL)

Correlations -
8p-A2 correlation has not been matched.
Study effects and optimization possibilities.



