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Preferred Scenario for a
Neutrino Factory Study

Proton Driver (2.2 GeV - 75 Hz - 4MW - 1016 p/s):
= 2.2 GeV H- Linac (re-using most of LEP-2 RF hardware)
= Fixed energy Accumulator & Compressor Rings (in the ISR tunnel)

Target:

= Hg jet with magnetic horn focusing

Muons bunch rotation and cooling
= 40 MHz (2MV/m) and 80 MHz (4MV/m) RF and #&##8-cooling

Muon acceleration
= 3 GeV superconducting (200 MHz) Linac
= Two Recirculating Linacs with supraconducting RF (with around
200 MHz and 400 MHz?)
Muon storage ring

= 50 GeV storage ring with 1021 circulating muons, sending neutrino
beams towards 2 remote experiments (Gran-Sasso + 7?7)



eas and Plans for a Neutrino Factory
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UFACE'99 W

6rkshop (Lyon - 07/1999), a
“for'a 2 GeV proton driver has been

Basedlon the 2 GeV. Linac accelerating H-, protons are
accumu first ring and transferred in a second one

tation after the end of accumulation. The time
the beam is close from the requirements of the
american scenarios, delivering 12 bunches of 1E13 protons
every 10 ms, for a total beam power of 4 MW.

This design is evolving towards a reduced cycling rate (75
or 50 Hz) and reduced requirements for the Linac front-
end (more realistic performance of the H- source and of
the low energy chopper).

Nul-act'00 Workshop May 22-26. 2000 [. Haseroth



Motivation for improving high
intensity proton beams at CERN

¢ Planned uses
and interesting directions of improvement :
s LHC: increased beam brightness
CERN Neutrinos to Gran Sasso (CNGS): higher proton flux*
Anti-proton Decelerator: idem*
Neutrons Time Of Flight (TOF) experiments: idem*
= ISOLDE: idem*

¢ Potential uses :

= Fixed target Physics with low to medium energy muons and
neutrinos

= “Neutrino Factory” based on a muon storage ring



SPL beam specifications: Case 2

SPL at CERN

Parameter Value Unit
Ion species H-
g Kinetic energy 2.2 GeV
- E Mean current during the pulse 11 mA
;g E Duty cycle 16.5 Y%
= é |[mean beam power]| [4] |IMW)]
< Pulse frequency 75 Hz
A
Pulse duration 2.2 ms
[number of H- per pulse] [1.51 E 14] [H/pulse]
Bunch frequency 352.2 MHz
[minimum distance between bunches] [2.84] [ns]
E E Duty cycle during the beam pulse 61.6 %
o = | [number of successive bunches/number of buckets] [5/8]
= % Number of bunches in the accumulator 140
E E [total number of buckets — empty buckets] [146-6]
@ Maximum bunch current 18 mA
[maximum number of charges per bunch] 3.3 E 8] [H/bunch]
7 Bunch length (total) ~0.5 ns
@)
= Energy spread (total) ~0.4 MeV
- 5 [relative momentum spread (total)] [~ 0.16 E-3]
% [_rzj Normalized horizontal emittance (1c) 0.6 pm
= E’ Normalized vertical emittance (15) 0.6 pm
é Energy jitter during the beam pulse Within +- 0.2 MeV
o Energy jitter between beam pulses Within +- 2 MeV
R. Garoby for the SPL 3

Working Group
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Accumulator-Compressor scheme for a Neutrino Factory:

Case 2
R 2 2.2 GEV PROTON DRIVER SET-UP
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3.3 x 10° protons/bunch I, ~ 3 ns (on target)
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R. Garoby for the SPL A SPL at CERN
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SPL layout

90 keV 7 MeV 120 MeV 1.06 GeV 223 GeV

—— 12m —e— 110m ——re—— 330m - 360m ——
2 h/ieV ~501I/IeV 2321\116\/ 394‘1]’\/IeV

RFQI chop. RFQ2HDTL 'SDTLHB 0.52 0.7 B0.8 LEP-II

|
I

H-

Source Low Energy section DTL Superconducting low-f Superconducting =1

Achromatic bending
and collimation

PS /Isolde <

Accumulator Ring

R. Garoby for the SPL
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Basic Sections Parameters

Section Out. Energy | Frequency No. RF Power No. Length
[MeV] [MHz] Cavities [MW] Klystrons [m]
RFQI 2 352.2 1 0.5 1 2.5
RFQ2 7 352.2 1 0.5 1 4
DTL 120 352.2 35 7.0 (6)* 110
SC B=0.52 232 352.2 42 1.2 6)* 95
SC B=0.70 394 352.2 36 1.8 (5)* 85
SC B=0.80 1060 352.2 48 7.3 12 148
SC - LEP Il 2235 352.2 116 12.9 15 357
TOTAL 279 31.2 29 (+17) ~ 802

* Under investigation: power tetrodes could be preferred to help the operation of field
regulation loops and improve beam stability

R. Garoby for the SPL
Working Group

8/5/2000
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Tentative Layout

TARGET
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evel and in;.--p_ulseé mode before June,

f ERN type drl‘ft-:;.;tube for the DTL is being designed and will
mpared to the CEA design in a test tank during the year,

- designs for the chopper and its driver amplifier are under
;;;_-;I-b-mvestlgatlon looking for hardware tests before the end of

7 ".‘-.';Nu[fact'()() Workshop May 22-26. 2000 H. Haseroth
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-Ise repetition rate a
threefold way has been
chosen for 4 MW proton driver
scenarios:

NuFact'00 Workshop May 22-26. 2000 H. Haseroth



A CERN-specific 2 Galf L ace RIS AT
SPL cormbined with z mula
Cornpressor rifg ir) |

soth rings feature hi Jr __surmg fast
el) mr"ruru of the lin c frljerast es as well as very
t rotation (w/ plliaass) it G L

T A (et > AR
. ‘ . n ; i O I
AR ot
kit Sols
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attlce_ sdesrgned the
or is being studied. More:

| ncluding the effect of space
charge on mome m compactlon and of the
microwave mstabrllty are planned
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Accumulator &
Compressor parameters
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GERN Compressor (6}
version 15 April 2000

Compressor optical parameters

S—

30 4
Briv ma=20.9/20.8 m [ied

Collins lattice, 14.9 m max drift length
n=-0.087 y~=18.78

Qu\~=18.6/12.6

Dipole field=1.0 T

Max quadrupole gradient=15.6 T/m %



RAL Accumulator &
GERN GCompressor (2]

Accumulator & Compressor
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"ssmn Was stud|ed and shown to

Laren,

SIQn Wthh can be easily adapted
to the scenario.

Nukact'00 Workshop May 22-26, 2000 H. Haseroth 3
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-t_u,n'nel for the

,~"’%the.ap'proach has been
;;trackmg studle_sl_l_nzcludmg

desngned so far' need refi'hehients
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Not much more progress can be achieved by
simulations and workshop discussions.
—Laboratory tests of the simulations and
determination of engineering parameters should
be the next step in order to select the future
directions among the many ideas around.
Equipment and expertise on liquid Mercury
technology exists at CERN this maybe the most
promising direction.



1. Mekeseisian forwhich p

glie
L HEELSISHOUIERIETEX ,)ﬁ*r]rr_f
eCJ'“r)an‘r' SHIEEC Jed jelfic
WIELE It

Jet ﬁ‘-"ff;‘a strong magnetrc fleld

4, Start plannlng the m-—beam tests of the' H'g-Jet in the
ISOLDE target area.
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Schematic Diagram of the Toroid

/

rotating ring

circular section
radius r

proton beam
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The maximum power that can be dissipated in a given size (surface area) target is found
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Tail end of jet - 20 m/s (retouched)
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NEUTRINO FACTORY HORN REFERENCE Dimensions in ¢m



Proposed technical layout

Medium or high voltage horn

Firing

shift 1/75 ms
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400 kA - 75 Hz horns compared to existing projects

Units | High Medium | Mini Boon¢{ KEK CNGS
Voltage | Voltage | Horn Horn Horn
75 Hz 75 Hz
Distance of capacitor & | m 10 10 10 50 1000
switching unit location
Transformer AR ] sr SR s oS v m = 10 m=16
Peak current in horn kA 400 400 170 250 150
Inductance horn uH 0.42 0.42 0.68 1.03 215
) 103 primary | 550 primary
Inductance additional | uH 0.20 0.20 0.66 45 primary | 240 primary
TOTAL inductance | uH 0.62 0.62 1.34 148 primary | 790 primary
Resistance horn nQ 128 94 230 210 405
21040 prim. | 104000 prim.
Resistance additional  |uQ 200 200 770 15210 119000 prim.
TOTAL resistance | uQ 328 294 1000 36250 prim. | 223000 prim.
Total capacitance pF 1075 4300 1500 6000 2270
for 1 switching section
Pulse duration s 81 162 143 3000 4300
(half period)
Skin depth mm 1.0 1.4 1.3 58 7.0
Charging voltage \% 9700 4900 5350 4702 7210
Energy stored in 1 sectio| k] 50.5 51.6 21.5 66.4 59
Efficiency 0.66 0.65 0.48 0.49 0.41
Total energy stored K] 5x50.5 5x51.6 21.5 66.4 2x59
Voltage on element v 6570 3300 | 2714 470 450
Charging current A 9.4 33.4 14.1 7.4 39X 2
with recuperation
Charging power kW 91.2x5 164 x 5
Duty cycle Hz 75 75 15 0.5 2 pulses in 6s
13.333 ms 69‘._6_6{1 ms 50ms apart
rms.currentinhorn | A [22066) [31227  |(5669 ) | 6900 4008
r.m.s. current density | A/mm% 22.0) 31.2 14.9 14.1 9.7
in smallest section for 1000 m] for 1000 m| neck=targe{ neck=target
Mean power dissipation| kW (62.3 91.7 'ﬂ ) 10.0 6.4
in horn by current * J \—)
r.m.s. current in horn A ﬁr‘?ﬁnh 13965 5669
with 15 pulses /s ‘_____
Mean power dissipation{ kW 12.4 18.3 7.4
in horn by current
with 15 pulses /s *
Water flow needed I/min | 45 66 5.3
in 1/ min with 66 = 20°C
Number of pulses in 2x108 2x10% 039x10% | 1.296x10¢ |0.864x10¢
1 month of operation
life time expected 10°¢ 10°¢ 2x108 1x 107 4x107

* power dissipation due to beam absorption has to be added
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300 kA- 75 Hz horns compared to existing projects

——

Units | High Medium | Mini Boone| KEK CNGS
Voltage | Voltage | Horn Horn Horn
75 Hz 75 Hz
Distance of capacitor & | m 10 10 10 50 1000
switching unit location
Transformer m=16
Peak current in horn 150
Inductance horn pwH 1042 0.42 0.68 1.03 215
) 103 primary | 550 primary
Inductance additional pH ]0.20 0.20 0.66 45 primary | 240 primary
TOTAL inductance pH ]0.62 0.62 1.34 148 primary | 790 primary
Resistance horn pQ | 128 94 230 210 405
21040 prim. | 104000 prim.
Resistance additional puQ 1200 200 770 15210 119000 prim.
TOTAL resistance Q) 328 294 1000 36250 prim. | 223000 prim.
Total capacitance uF 1075 4300 1500 6000 2270
for 1 switching section
Pulse duration us 81 162 143 3000 4300
(half period)
Skin depth mm | 1.0 14 1.3 5.8 7.0
Charging voltage V 7275 3675 5350 4702 7210
Energy stored in 1 section | k] 28.4 29.0 215 66.4 59
Efficiency 0.66 0.65 0.48 0.49 041
Total energy stored 1 K 5x284 |[5x29.0 |]215 66.4 2x59
Voltage on element A% 4928 2489 2714 470 450
Charging current A 7.0 25.0 141 74 39X 2
with recuperation
Charging power kW |51x5 92 x5
Duty cycle Hz |7 75 15 0.5 2 pulses in 65
e 2 50ms apart
r.m.s. current in horn A 16550 23420 5669) 6900 4008
r.m.s. current density A 16.5 23.4 14.9 141 7
in smallest section /mmZ for 1000 mmj for 1000 neck=target | neck=target
Mean power dissipation | kW "35\_9 51.5 @ 10.0 6.4
in horn by current *
r.m.s. current in horn A 7 10474 5669
with 15 pulses /s e
Mean power dissipation | kW (7.0 )i 10.3 @
in horn by current
with 15 pulses /s *
Water flow needed 1/min{ 25 37 53
in 1/min with 6§ =20°C*
Number of pulses in 2x10% |2x10%8 [0.39x108 |[1.296x106¢ |0.864x10¢
1 month of operation
life time expected 10° 10°¢ 2x10¢ 1x 107 4x107

* power dissipation due to beam absorption has to be added
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POSSIBLE TESTS

Thermal transfer for the requested shape with spray water
cooling for 5000, 10000, 15000, 20000 A — DC and with DC
current density of 15, 20, 25, 30 A/mm?2.
This test can be done with modest effort.

FE analysis to define optimum thickness ( rough estimate indi-
cate that a total section of 1000 mm2 is needed in the critical
areas along the profile — extrapolated from KEK results ).

Measure limit of fatigue of Al Alloy for 10 * repeated tractions
of short duration ( 100 us ) with a horn like system using an
existing system . Test at the same time the basic thyristor .
Study and construct this system with existing equipment.

Sl om
Detailed design of horr‘qf’taking in account mini-boone results.

Construct one branch with one final horn prototype powered at
15 Hz. Design one power supply 10 kV, 10A 15 Hz which can
be also be used on the CNGS horn ( 7.2 kV, 2 x 3A, 45s
charging time ).

This test will set the horn current limit for reliability.
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A 20-50 MHz Sysiam for Phzse Hoiaiion zmnd Cooling

After the target the pions decay in a 30m long channel focussed by a
1 8 Tesla solenond Atlts end the particles within the energy range
P soseermemwe  100-300 MeV
are captured in a series of 44 MHz cavities and their energy spread
reduced by a factor two.

A first cooling stage, employing the same RF cavities, reduces the transverse
emittances by a factor 0.6; thereafter the beam is accelerated to an average
energy of 300 MeV. The beam phase width as well as the reduced physical
dimensions of the beam allows to employ an 88 MHz cavity cooling system

that will reduce the transverse normalised emittance to the required 15 pimm

(re-circulator acceptance). The system will be continued at 88 MHz, at
176MHz and finally at 352 MHz until the final energy of 2 GeV is reached.

The muon yield of this system corresponds to 0.0156 m/proton, and
again assuming 102 proton/year, this system would produce 1.6 x
102! m/year. If we remove the production mechanism from the
count this system gives 0.09 Ad/p collected in a 30 cm radius.
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A POS sible p linac 2 GeV,4 MW  Accumulator
ring + bunch
layout Of a compressor
neutrino factory Magnetic
orn capture
Target
Ionization Drift
cooling
Phase rotation
‘ Linac < 2 GeV
Recirculating
Linac 2 2 50 GeV
Decay ring — 50 GeV
~ 2000 m circumference
T Te— v beam to near detector

// v beam to far detector




THE OVERALL SYSTEM

(2MV/m at 40 MHz, 4 MV/m at 80 MHz)

Decay Rotation Cooling I | Acceleration | Cooling II | Acceleration
Length [m] 30 30 44 44 48
Diameter [cm] 60 60 60 60 30
Focalisation [T] 1.8 1.8 2.0 2.0 2.0
Frequency [MHz] = 40 40 40 80

21 \
~10”" p/year in
re-circulator acceptance




30m from target-muon kin energy histogram
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W (MeV) vs phirad at 40 MHz
after 30 m long decay channel
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DECAY

30 m long 1.8 Tesla solenoid, 60 cm bore diametre
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ROTATION

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

phi {deg at 40 MHz) vs enzrgy (MeV,
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COOLING

first stage:

44 cavities , 1 m long, 40 MHz, 2MV/m, 1.8 Tesla solenoid

RF | RF | RF | RF | Hy

11 times
+45° | -45° | +45° | -45° . energy gain 4 MeV
energy loss 4 MeV
< 4.12mMm —
second stage:

as first stage without the absorbers, increase the average energy to
300 MeV

third stage:
96 cavities , 1/2 m long, 80 MHz, 4MV/m, 2.0 Tesla solenoid

RF | RF | RF | RF | RF | RF | RF | RF |Hy
12 times

+45° | -45° energy loss 8 MeV
energy gain 8 MeV

4.3 m >
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PARTICLE BUDGET

for 1000 protons impinging instantaneously on the target

decay in 180
out 177
rotation in 93
out 93
cooling | in 32
out 31
acceleration in 31
out 31
cooling II in 20
out 15

proton pulse

Wyear (1021)

length( nsec)
0 1.6
1 1.5
2 1.3
3 1.1
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What makes this RF scenario attractive is its use of existing technology, e.g.
that of the CERN PS 40MHz cavity. Results of exploratory SFH runs for a 44
A Tormar-onauctmy cavity of 30 cm bore radius are encouraging (1.6 MW

power required for 2 MV/m). This cavity could accommodate a solenoid
around the chamber.

Prelirninary estimations of trie power logses for 2 Y/ at 44 Vrlz arid
4V [ 2t 88 Mz give @ figure of 10 MY for tnie entire orese rotatior) el
coolinig systern for thie 100 rlz pulse rata of the 2 GaY orotor) driver.

A choice in favor of a low energy proton driver will depend both upon the
existence of such an optimized scheme and on the demonstration of the

production of an adequate flux of pions/muons by low energy protons (result
expected from the HARP experiment planned at the CERN PS).



Muon Linac

Some work has been going on the design of a
muon linac after the beam has been cooled.

Preliminary results show that up to an energy
of about 1 GeV a solenoidal type focusing is
required. The muon linacs will be slightly
different for the induction linac option and for
the RF option. In the first case the linac will
start with 176 MHz cavities, whereas in the
latter with 80 MHz.

Nul'act'00 Workshop May 22-26. 2000 H. Haseroth



uRLA Design April 19,

Muon Recirculating Linear

Accelerator Design

E. Keil
NFWG -19 Apr 2000

~keil /MuMu/Doc/NFWG/19Apr00/19apr00.pdt

E. Keil



uRLA Design

E. Keil

April 19,

Energy Spread
Relative energy spread o},; from p source damped o< 1/~

Constant relative energy spread o from RF wave form at circular frequency w
and bunch length o, causes a severe limit on o,

1 (waz)z
o =
RF \/2— c

1SR designed for energy spread o =~ 0.005

Impose condition crlzjf ~ UI%LF < 02 /2 and find with frrp = 352.209 MHz

o, < 9.58 mm ope < 3.54-1073

Scale o,¢ to input end of uRLA1 and uRLA?2, and obtain

obi1 < 8.84 - 10~2 and Obio < 1.77 - 102

Very small bunch area in conventional units A = mopsEro,/c = 0.018 eVs



uRLA Design Apr

E. Keil

Beam Loading of RF Cavities 11

e Accelerating voltage U, stored energy W, extracted energy We vs. pass number

e Leading bunch sees voltages for passes O to 3, i.e. 36.62 MeV trailing bunch for
passes 1 to 4, 1.e. 34.36 MeV instead of 40 MeV

Pass 0 1 2 3 4
U/MV 100 944 887 831 7.74
Wslloule 974 86.8 76.7 67.2 584
Welloule 107 10.1 946 8.86 8.26

e Energy difference between leading and trailing bunches is +=3.1%

e Making up for extracted energy during passage of bunch train in 2 us requires
about 5 MW/cavity

e Cancel energy difference by adjusting bunch spacing such that later bunches travel
closer to crest of RF wave?

Increase U and/or f,?



pRLA Design Apr

Geometrical Design of Spreaders and Combiners

e Spreaders installed at downstream end of linear accelerator section of RLA
e Spreaders feed beams of 4 different energies into 4 different arcs
e Spreaders can be horizontal or vertical, although I think in terms of vertical ones

e Combiners feed beams from 4 different arcs into upstream end of linear accelerator
section of RLA

e Geometry of combiner at end of arc identical to that of spreader at beginning of arc

e Spreader concept developed for ELFE at CERN study in collaboration with
Jacques Payet in Saclay and André Tkatchenko in Orsay

e Jacques Payet now works on pRLA

e Mistake in my spreader design: Use low-energy emittance for high-energy beams,
ignoring adiabatic damping => radius of spreader magnets too large

Geometrical design with Mathematica

E. Keil



50 GeV SR Design M

E. Keil

CERN Muon Storage Ring Parameters

Design momentum 50 GeVic
Muon fluence 1014 sl
Distances to far neutrino detectors 1000 & 3000 km
Vertical slopes —78.6 & —2379 mr
Normalised divergence at o 0.1
Configuration Triangle
Normalised emittance at o 1.667r mm rad
Aperture limit 30

Frequency of RF system 352.209 MHz
Bunch spacing multiple of 0.851178 m

Relative RMS momentum spread 0.005




50 GeV pSR Design May 8, 200

Comments on Recent Changes

Shape changed from bow-tie to equilateral triangle

— Efficient bow-tie has practically vertical pieces of arc with tunnel floor changing
into ceiling, scaffolding for installation of and stairs for access to components

— Experts in civil engineering, installation and access think this is very expensive
— Equilateral triangle is “nearly horizontal”
— Slopes of straight sections: —78.6, —237.9, +319.6 mrad

Length of straight sections chosen such that vertical height of SR is about 220 m
and fits into molasse layer near CERN

e Circumference ~ 2 km
e Fraction of muons decaying in one straight section: 27.5%

e About 1014/ /s imply
— 4 MW proton beam power on target

— all assumptions and simulation results in PJK paper are correct

A. Verdier has a triangular SR with one long and two short straight sections

E. Keil page :



RLA Design May 10, 2000

Energy Spread
Relative energy spread op,; from p source damped o< 1 /7

Constant relative energy spread ogy from RF wave form at circular frequency w
and bunch length o, causes a severe limit on o

1 (waz)2
ORF —
V2 \ ¢

1SR designed for energy spread o ~ 0.005

Add quadratically and impose condition 012) ¢+ U%F = o2

Bunch area in conventional units A = wopeEroz/c

Introduce maximum bunch length 6,0 = (¢/w)\/ 7eV/2, eliminate o, and find
for A as function of z = 0, /0,0

A=z(1l-ag*)/4

Optimum value is z = 1/31/4 =~ 0.759836
With frrp ~ 352.209 MHz find for optimum bunch parameters

o, =~ 8.656 mm obe &~ 4.082- 1073 A ~ 0.0185 eVs

. Keil page 1



uRLA Design

E. Keil

May 1

Scale oy,¢ to input end of uRLA1 and £RLA2, and obtain

opi1 < 10.21-1072 opio < 2.04-1072
Halving the frequency fry doubles the allowed bunch length o, and the allowed
bunch area A, without changing op¢, opi1 and opig

Doubling the energy spread oe in SR would double the energy spreads o, obi1
and o},;9, result in absurd values of o1 and o2, but it would quadruple the
bunch length o, and increase the bunch area by a factor of eight

Suspect a practical limit for o from op;q in the form o = 0.1F;/Ef where E;
and E; are injection energies of uRLA1 and pSR, respectively

Hence, increasing A implies smaller ratios Ey / E;, i.e. a hi

E; into uRLA1, and perhaps a smaller frequency frr

e



: On stofage ring that fuIIy

......

straight se'ctions"and h'i't'ting-theW Iiner'? at the beginning of
the arcs, is being investigated.

NuFact'00 Workshop May 22-26, 2000 H. Haseroth 13




CERN Studies and Plans for R&D
concerning a Neutrino Factory

« SC activities (E. Chiaveri) for low

 SC cavities in pulsed mode (E. Chiavert,
G. Geschonke)

Helmut Haseroth Neutrino Factory and Muon Collider Collaboration Meeting






R&D for Superconducting Cavities at CERN

(Information supplied by Enrico Chiaveri)

5cell B=0.8:
on test stand for pulsed operation (end May?)
4 cell B=0.7:

bare cavity under construction, to be chemically treated and Nb
coated

RF tests at 4.5 K in June/July
If all goes well:
High power pulse tests before the end of 2000

LEP cavities (B = 1):
Pulsed test before end of 2000



200 MHz cavities for muon linac / recirculators:
Very big (1400 mm diameter),
Technical study till end of June

Problems:

Cu sheets material production
EB welds
Chemical treatment and Nb coating

Cryostat (horizontal) for RF measurements
at4.5 K
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uon storage rings plenay, January 2000 Measurement of muon mulliple scatteringr

Study of U scattering

Bill Murray, CLRC

A. Kirk, J.A. Wilson, K. Long, K. Nagamine, C.A. Baker,, G.H.Eaton, T.R. Edgecock, W.Murray,
P R.Norton, K.J.Peach, W.G.Scott, D. Attwood, K.Ishida, S.Nakamura, Y.Matsuda,S. Sakamoto

Univ. Birmingham, Imperial College London, Riken Japan, CLRC
Submitted to TRIUMF and PSI

« Why is this measurement wanted?
» What is proposed?
* Status.

Note that the experimental details are still being finalised.

Bill Murruy
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Fig. 3 Schematic longitudinal profile of the proposed muon scattering experiment
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muon sterage rimgs plenay, January 2000

Measurement of muon multiple scatteringr

Effect of beam momentum variation

Red are multiple hits
Blue are single hits
Green punch-through

Bill Murray
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Layout of the experiment to study Hadron Production for

the Neutrino Factory
and for the Atmospheric Neutrino Flux
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Set of envisaged targets

material | thin target (cm) | thick target (cm)
Solid

Be 0.81 40.70
C 0.76 38.00
Al 0.79 39.44
Cu 0.30 15.00
Sn 0.45 22.36
W 0.19 9.58
Pb 0.34 17.05
Cryogenic

H2 14.36

N2 2.18

02 1.59

Thin target = 1/50 interaction length Thick target = 1 interaction length



SOME REMARKS ON PION PRODUCTION IN THE

TARGET

It seems to follow from Isotopic Spin considerations and Clebsch-
Gordan coefficients that:

At low proton energies and light targets the production of &
is favoured against the production of 7.

Even if the total production is identical, this means that experiments

with © will take longer and with n" will take less time. If this
asymmetry is large this will be a disadvantage.



However, 1t 1s evident that:

If this asymmetry i1s large and if the total production rate is
independent of Z, when using a light material for =~ production

and a heavy material for © production, a substantial gain could
be achieved.

This seems to be a unique occasion to profit from a low
energy proton driver.
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