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The Intro... UBNrI'\%IR!?YI

WEST LONDON

i
Both the Muon Collider and Neutrino Factory concepts depend on
high-quality muon beams.

Unfortunately, there is no convenient point-source of muons
available - have to start from a decay process:

Pions — — _
— = = Muons

No correlation between transverse position and angle so have
muons with various momenta and directions - thus a large,
low-density beam.

Accelerating such a beam requires a machine with large magnetic
aperture - expensive! - but the collision rate for a given size
of target will be poor.

Need to convert it into a small, high-density beam. “Cooling”
means “reducing the range of random transverse momenta”“.
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Tonisation Cooling UBNI:\%IE!%ﬁl

WEST LONDON

principle: reality (simplified)
) 5 i 'L
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dE |dE dE :
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r.f r.L r.f r.f - a7

Front slevation of the Coaling Channel

this will surely work. ./ ...maybe...

The muons will ionise material as they pass through it and thus
lose energy. We replace this by accelerating them only along
the desired beam direction to restore linear momentum.

Of course the material will also try to scatter the muons,
“heating” the beam. Need to choose one that allows the first

effect to dominate, such as hydrogen...
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MICE Godls Brunel

WEST LONDON

The aim of MICE is to demonstrate the principle of ionisation
cooling in practice, i.e.

* to build a realistic prototype of a cooling channel
* to verify that it cools a beam (at all)
* to evaluate performance

Accelerator physicists would produce a set of suitable muon
beams and see how they cool, but this is expensive and
inconclusive, as an affordable prototype of cooling section only
cools beam by 10% while standard emittance measurements
barely achieve this precision.

We are therefore doing a single-particle experiment: the
momentum and position of each particle are measured before
and then after it passes through the cooling channel.

Thus state-of -the-art particle physics instrumentation will test

state-of -the-art accelerator technology.
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MICE - a global collaboration UBN':\%'R‘!%I(

WEST LONDON
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WEST LONDON
E

Spectrometer Solenoid &
Tracker

LH., Absorber

MICE:

Design, build, commission and operate a realistic section of
cooling channel

Measure its performance in a variety of modes of operation and
beam conditions ...

.. results will be used to optimize Neutrino Factory & Muon
Collider designs
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MICE: Design Brunel

WEST LONDON

ICE

o MICE designed to produce a 10% cooling effect on the muon beam
« Uses particle detectors to measure cooling effect to ~1%

»  Measurements will be done with muon beams having momentum of
140 MeV/c - 240 Mel//c

e Method:

Create beam of muons

Identify muons (TOF) and measure E,P (EMR); reject background

Measure single particle parameters x, p,, v, p,. p, (Spectrometers)

Cool muons in absorber

Restore longitudinal momentum component with RF cavities

Measure single particle parameters x, p,, Y, p,. P,

Identify outgoing particles o reject electrons from muon decay

Create virtual beam of any emittance, by combining a subset of real single muons

o o o o o o o -g
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MICE development UBNrI'\%IlQ]S?YI
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Finished data-taking
STEPI August 2010

 —— ] ——

BT |jf step v

Ultimate MICE
goal: operate full
cooling channel




Added features UBNrI'\%I?S?YI

WEST LONDON

at step ITI, a spool piece allows easy insertion of slabs of
solid materials to measure precisely their effect on beam
emittance

will test materials relevant to neutrino factory: LiH, Carbon,
Aluminum Titanium etc..(and simply plastic)

at step IV and above, optics in FC can be explored to allow
smaller beta functions (down to 5cm at 140 MeV/c) to test
flip vs non-flip mode

at step IV a wedge absorber can be tested in place of a flat
piece to study effect

at step V and VI can test cavities with LN2 cooling to allow
higher gradient (X V2) with same power
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MICE Beam Line BN,:\%%%!

WEST LONDON

s

# (i i D= D1pole bendmg magnet Q = Quadrupole magnet
Target Yk ', IM L] CKOV = Cherenkov detector KL = KLOE Light detector
GVAI = Scintillator counter TOF = Time of Flight
j ? BM = Beam Profile Monitor DS = Decay Solenoid
G [ ,f DSA = Decay Solenoid Area LM = Luminosity Monitor
e
g

€«——— Q13 D2 Q46 BM2 Q79 TOF2 KL

—
& W
& i"" | i E
\_ "—’— . ‘ MICE Hall
v
GVAl BM1 TOF0O CEOVAB TOF1
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MICE Target Brunel

WEST LONDON

ISIS runs at 50Hz ~10ms beam on and
acceleration + 10ms beam off

The target will run at 1Hz intercepting
just 1 in 50 of the ISIS pulses

We need to intersect
the last ~2ms of a
given ISIS pulse
without causing

beam loss at any ' —
other time i
ﬁéiqﬁi’ﬁ’{ie
of any rea
Required Target e
Trajectory ~80g
Acceleration | \

15tand 2M mode: 3 and 4 mode: 5 mode: 170Hz
27.6Hz 80Hz
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ICE

High Beamloss Tests BN'I\EJEIR.!%!

WEST LONDON
{

The MICE beamline replaces an earlier muon
beamline that ran at a 2V ISIS beam loss.

MICE target nominally run at similar loss
level. Higher losses would let us gather

data faster, but may affect stability of =
ISIS beam and activation of components. \|
Tests have been made up to a 10V beamloss - e H
fUII SCGIe. MICE Ring BLM Display I’z_:‘oi"“_fl e 100 ;"i':-u.umﬁ P sond
= = e '.::;.lw || | | o e | LSO s e [tz |

RO - 0.58 -
| 1.7 = 141 | CEZ | 10.00
R2 Il 10 = 364 | a2z [l 453
r: 478 | 1.22 =] ooo [ 0.43
re 0.69 ] 0.41 [ | 1z [l 085
RS 0.96 [ | 0,61 ] 0.62 ] 0.37
rRe 032 = 021 [ ] (P | 021
r7 027 = 1.06 B woo [ 7.62
rs [ 1000 ] 6.04 || sz [N 177
R9 4.29 183 - 198 - 095

10V loss
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Step I: Brunel

TOF Detector Commissioning  visriowson

. TOFO, TOF1, TOFZ2 are in beam line

»  Two planes of 1 inch orthogonal scintillator slabs in x and y
o Timing information & beam profile data
o 2D grid provides spatial information

«  Essential in beam line commissioning ::: "3’
0.40 m > 0.42 m
i . ¥TV¥¥?E
1= o
= = EEEEEE
= SERBEE o e
=S SENEEE AR
S EEEEEE
= = EEEEEE
L == 0 | N N B
. H I II". ."IIAII": :IL: .’ff}ll": :’IIIJII‘"! "I}‘I": .L“.‘. .’;J.
Tof-0 4 BEERRERP | |
. Tof-1 *Define good muon sample with
10 x 4cm scintillator o timin
bars 7 x 6¢cm scintillator bars 1ing
g =1.73cm e Find muon (x,y) from TOFO &
o, =1.15cm X TOF1 i :
o, = 50 ps spatial information
g, = 50 ps t
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Step I: Brunel

TOF Detector Commissioning  visriowson

‘ TOFO resolution | Entries 33486 ‘ TOF1 luti | Entries 37715
o 1400— gl;asn 2613; reseon Mean 0.04922
L 121 ndf 333.3/97 £ r RMS 0]
51200— Constant 1290+ 9.1 31200*_ Constant 121_"+79
r Mean 25.89 + 0.56 2 C onstan .
L Sigma 1025+ 0.5 B M_ean -0.7526 + 0.6391
1000 — 1000 — Sigma 123.4+0.5
800 — aoo:—
600 soo:—
400 400:—
200— 200i
Tl L o sl o Lol -
2000 -1500 -1000 -500 0 500 1000 1500 2000 ﬁ]_ww\ww\ww\ Ll b
At Ips 00 -1500 -1000 -500 0 500 1000 1500 2000
[ps] At [ps]
| TOF2 resolution | Entries 27944
M 47.89 ’ . . .,
P RMS. A o Time resolution after calibration.
E L 22 | ndf 360.2/97
>1000— Constant 1054 + 8.2
o Mean 49.24 + 0.63 ° TOF 0 - 5] p5'
B Sigma 104.4+ 0.5
800
- - TOFI-62ps
600(—
: . TOF2 - 52ps
400
: +  Resolution meets design goals for TOFs
2001
I T IR P SRR B
-2000 -1500 -1000 -500 0 500 1000 1500 2000
Y .Karadzhov USofia At [ps]

INEXT — Henry Nebrensky — 24 September 2010 slide 20



TZ aplIs 0T0Z Joqwia1das g — MjsuaigaN AlusH — 1X3N!

3/gpLs 2G o) puUnos a.omp.ioy ||
Abp YoD2 Un. 45324 42640

(d-3) 00z-9 sasind 0op  °
ADp YoD2 UnJ 2oUa.4242y

x (ww) x
0 002 051 00L 0S5 0 0§ 00l 0§} Dnﬂucm.

\A.EE
o0z _0SL_00L 09 05-_00L- 051~ 002,
— T

T40L

SJ242uWp.lod s214do Wpaqg buisn
UOILINILSUOIDI 2UIIUO Y LIM DG O BUIUNL dUIUD

SIDALN2N

unas ¢q

SuD2Ss 2/odIq

SUDIS poned

:S2IPNLS aUlf WDag

UDIS XI4LDW WNLU2WOW-22UDL LI

0401

U
U
U
U

Sd2bbiy 3/21440d 000000 €T 4240
SIST 04Ul 42b4p) Jo sdip 000 'GEE 420
JWIYNS SIYL UDXYD) DLDP LO JUNOWD Plo22g

ALISYIAIND Adowwne oiobq :buiuun da
_®CD._m S 040Q uunNy I 4dais




0TO0Z Jaqualdas 1z — AsualgaN AlusaH — | X3N!I

uonuw
1OD2 U0 UMOUY WNLUBWOW /U0ILISOd DN4L [14UN P24DI24T O

p24o/n2/D2 Sd2aWp.pd 2o0ds asoyy T
(AA) (x'Xx) « A 'Xdajur ©

(p10sx0) ‘_w:>m_~_ ‘W y
T401 e DN Yyum uosiaedwo) aseds aoea) .m.QQ.\.ka.m. \\A \/\\ sD N.KQK % Q.KQK N.m.\w =

oo

ooz

oo

Lo Loy o
pesamue 00Z-9
(swu) 3w poajyoadxm

=1 I ST T o

28 O A
L OGO Svux
ua

oos

oo

H‘HH‘\H\‘HH‘HH‘HH‘HH‘HHm

oL

LrEOEZE =onagu=y
LY

U0/ LDWI0JUI DUItI] DUIST p2f33(2S SUONW po05 U

S40422439P O BUISN fUBWDINSDIW 2IUDLLIUD [SdI4 e

NOANO1 LSIM

ALIS¥IAINN W T d
jaun.g SaIphiS wpag :J Ga4S




Step I: Data vs MC Comparison UBN':\EJEIR.!%!

WEST LONDON

*  Analyzing recent data
. Quad scan (Q789) with 6-200 data - Q789 current at -207% of nominal

hxPPhase . h_g,-PPhaae
»_Horizontal phase space == &% M N/gtical phase space o
Maany 0.03083 U = Meany 01636
40 RMS x 63.29 40 — RMS x 8$0.52 | |
RMSy G404 E RMSy  4e22 |0
30 Sll:—
20 20 120
MC 10 0= ks
=
A0 =10
20 20—
30 30
40 40
%00 %060 50 00 80 0 50 100 150 200 °
Ja 50 :l TTTT TTTT T ||||| ||||| ||||| |||||I Masnadhb i 5 :-G\ 5'[] :IIIIIII ||||| TTT TTTT TTTT TTTT TT Mama R ARG 6
2 AE T ) 4= 40 F )
F = e Yof bk (114003 F E Benan y L1354 @ ith 5
= 30 = e 4 = 30 -+
a7 = msarris tas|3 0 20 | marx By
10 £ 3 10F
D a.ta F RS v 1121t 024007 -
0 = 2 ) = h
_10 E_ 2 M eem—— =
E i 2
=20 = | =20 .
30 F 1 30k |
40 £ 5 a0f
_Sn:|||||||||||||||||||||||||||||||||||||||||‘ Q —-S{]I'”II'IIII'Illl'Illllllllll”lll”lll”l:
=200 -150 -100 -30 0 50 100 150 200 -200 -150 -100 =50 0O 50 100 150 200
Run 2232 Data -20% X (mm)} S. Blot — UChIC&gO ¥ (mm})

M. Apollonio - Imperial
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