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Lepton flavor ‘

Very simple in the Standard Model

« 3 LH weak doublets + 3 weak RH singlets

« No neutrino masses

- So label everything by #* Higgs couplings (aka masses)
e Go home early [237 August 1998]

But the SM is not correct. Neutrinos do have masses!

« We don't know how they get it, but /‘

we now have another basis to work in.
« And it looks nothing like the #* basis »

Conclusion:
There is little reason to suppose the #* mass ‘

| L \_ _/
basis would be used by new physics either. Upyns
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Adding new physics

Consider 2 possible types of flavour structure for new interactions:

1. Aligns with mass states (e, u, ), but couple differently to each
(like mass terms). How can we detect this?

— SM doesn’t predict masses, but does predict how masses
affect magnetic moments. Check this = g — 2

2. Does not align to mass states (like neutrino mixing): (Almost)
inevitably gives rise to flavour changing effective operators

— Look for flavor transitions without neutrinos = u — ey,
uN — eN, u — eee etc
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“The big move” - the Brookhaven ring arrives at Fermilab




Anomalous magnetic moment

Magnetic moment of spin-'2 fermions:

q
Ky = gfﬁs

The Dirac equation gives gf = 2.

Further ‘anomalous’ corrections af = %(gf—z) arise from QFT.

Expand with perturbation theory: 15t order QED term by Schwinger:
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More corrections >

Since we can measure g very precisely, we need lots of terms in the
anomalous part:

a=1+ AaQED + ACLEW + AaHad (_I_AaBSM?)

And, for example,

Aaqep = Z Cn (%)n
n
Ir . 1+ z C, (%)n + Aagw + Adpaq
n

| ,%

A + w/\w T @ T -
e :
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Discrepancy G

Corrections depend on flavor Theoretical error is shrinking.
« Now better than previous
For a,, theory and experiment measurement (BNL), but
famously agree to 9 s.f. dominate after new
measurement at FNAL
a,:a, ak*:al"l at*:al
Erroron a,
ror on a, Jegerlehner (2017) —a—
| |v | 4 Y L 1 - DHMZ (2017) a
1 103  107® 107° 10712
Fractional difference DHMZ (2011) — BNL (2004)
For a, things are not quite so KNT (2017) g AL eroactec
good: LT GO 330 0.1 pprm
 Estimated error 200x larger |
-600 -400 -200 0
« But not as large as the x10™
a, - a,(BNL)

discrepancy
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Measurement of g, — 2 >
1 E
auB— (au _)/2 — 1>ﬁ>c<

Inject polarised u* into Penning
trap

« Spin precession and momentum
rotation get out of alignment at
frequency w,

« Energy and rate of positrons in
decay dependson s - p

q
wa:ws_wc:_m'u

S

Therefore can see oscillation at
w, in rate of high-energy e*
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Refurbish the most recent
(BNL) experiment with
more muons, more
detectors, and better
control of systematics
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Upgrades since BNL

M{rackers [UK]

\

Repurpose the p source at
Fermilab as a pion decay ring.

« More muons overall (20xBNL),

but lower bunch intensity

« Cleaner bunches with lower
pion contamination.

weage

inner coil top hat

thermal
insulationj

"\ outer coil
VIR probes

outer coil
L

—

IE <—p=7112mm

inner coil | top hat I

g-2 Magnet in Cross Section
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Et voila! ‘

Number of high energy positrons as a function of time

- data
— fit

LI

10°

count/2*149 ns

. Fermilab Mu'un g-z collaboration

@ Commissioning Run, June 2017
' ) PRELIMINARY

0 10 20 30 40 50 60 70 80
time modulo 80 us

BNL-sized dataset expected by this summer.
Full 20xBNL) dataset by 2020 — 0.14 p.p.m
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Graphitetarget 3 GeV proton beam
(20 mm) (333 uA)

e

- Surface muon beam :
| (28 MeV/c, 4x108/s)

Muonium Production

(300 K~ 25 meV=2.3 keV/c)

Novel: Muonium u*e™ produced at
rest, and (just) ionised with a laser.
Muons are now barely moving

Accelerate to 300MeV/c
for low-divergence beam

[This week: arXiv:1803.07891]

Muon beam
TR injection and

Don't need electric field so . - storage
eliminate the second term B ‘*\*h#
— Non-magic momenta OK! B
— No systematics from 48 =N

momentum spead L~ . l NMR sized
— (No systematics from GR?) - magnet is

Positron easier to get
detection uniformity
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MEG and Mu3e

home to

The E5 area at PSI




? — ¢’ transitions

v In the v+SM, lepton flavour transitions are
uﬁe supressed by 0(107°%) because of the mass
W ~ ,/'—%L disparity between the Wand neutrino.

14

This is ‘accidental’; new physics that doesn’t go
Y via light neutrino states is not suppressed.

Y~ - "'LLL Therefore can search for effective operators
y  with extremely large mass scales:

« No symmetry forbids this - it's even

A predicted by the v+SM
« But SM background is tiny (~40 orders of
w M\ e maghnitude below current limits)
A\LLLL « Almost all BSM models produce large

% enhancement, unless deliberately excluded.
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Principles of a pu — ey search &

Use target to stop u™, which decay at rest

+ ot

EN—O ‘/ Then 2-body decay should have:
- Back-to-back e and y
B — Measure angles 6., and ¢,
. + /1+;1° 1% x
04—‘(0 . E,=E,=52.8MeV
radiative :
/@ decay — Measure energies E, and E,,
o N+’0f’-—f’  Coincident timing
o<—Q X — Measure time difference ¢,

5"Q I/ accidental y
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Remarks on backgrounds

et ut @V In MEG and the other lepton flavor experiments
0(_07' there is pretty generally a SM equivalent process
¥ adding two neutrinos.
V@
: O 2v B/G
d A falllng baCkgrOUHd that D Signall resolution = 01
ends when neutrinos are at rest {1 Signal, resolution = 20,
« Minimise it by improving energy
resolution.

« Requirement common to all
experiments of this type

Etot
4 i 0;__/ )
e’ n_A Also: Any coincidence measurement benefits
0‘—0\ from muons being spread out in time:
QY
« Prefer DC beams (at cyclotrons)
.
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MEG at PSI

« DC muon beam from cyclotron (107 ~108 u/s at PiE5)
« Muons from low momentum pions: p, = 29 MeV/c

Protons — 'E’ target —

=== Neutron spallation
source SINQ

! A 4 A
1 p - \‘“‘,u \
a \l 1 ‘ R Neutron
¥ | ‘ = experimental hall
e ——
Injector | ._1 Beamdum —

o ;:-"-'. S8 \croft-Walton
% B 370 keV 72 Moy -
i X PiE1 ‘ = |
‘ Target E 4" — ‘ =
\ — € e || —
i @

-
PiE3 v \ Vg
<M A ; -~ B

/' Q » " Sy }L/;. o
L i N

b PV w/ Piégb“/

\. ' » ¥4
-

d=5fgn—s /o .

-— .
Injector I

_ IrTi‘PerlaI t;)ilege
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Thin Superconducting Coil

A4

y
Target
e . N
Drift Chamber e*
— Timing Counter

—

Timing Counter

Liquid Xenon
Detector

Timing
Drift Chambers Counters

Drift Chamber + *
Muon Beam
Highlights:

« 900-litre LXe calorimeter

« Very fancy COBRA solenoid
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Timing Counter

N

4

Drift Chamber

Muon B
Highlights:
« 900-litre LXe calorimeter
« Very fancy COBRA solenoid
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MEG Results

@
- N
b
5
P,
et
4
4

nis/ 024 Ay
R

# sonf
oo}
ool

2onE

Radiative decays

106 - o, |

Accidental coincidence

T SR

cvenls! 300

Variables combined
into multivariate

RS | A— ‘ d classifier
Pey Classifier

oo

1=0f

long

Final results (2017):
« Didn’t see anything.
e« Br(u—ey)<42x1013
— Improved limit by ~30 over previous expriment (MEGA)
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+ DAQ upgrades

x 2 beam intensity

Aim for x10 sensitivit
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Mu3e at PSI & %%/

Looking for u* - e*e*e™, (hence the name.)

Can relate to u — ey by SM conversion y — ee but direct process is
also available for (some) BSM operators

Principle is quite similar to u — ey:
« Use u™ at rest in minimal target
« Look for coincidence in time & space
« Need excellent momentum resolution (the v-at-rest B/G again)
« Backgrounds from accidental coincidence
— Again, want DC muon beam; so go to PSI
— New Compact Muon beam at PiE5 (shared with MEG-II)
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Mu3e detector & @

Similar requirements to MEG tracker [but 2t azumith]:

« Need good position and momentum resolution for electrons with
p ~30MeV/c

« Very low material budget: 0.001 X, per layer
« Small scale: 18cm diameter — high radiation.

« Design uses novel pixel (HV-MAPS) sensors supported on an

Phill Litchfield
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Mu3e detector

Q= = 3

“ E|

3 tracker |

moment]|

rg&ﬁﬁfﬁ: perg 2017
B r—ecrrarouadget: 0.001 X, per layer
« Small scale: 18cm diameter — high radiation.

« Design uses novel pixel (HV-MAPS) sensors supported on an
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Projected sensitivity

Need to supress accidental/combinatoric background to
reach desired sensitivity

 Include scintillator fibre and tile detectors for timing
« Eliminate combinatoric B/G

N g 14
12310 ?M-Mainteﬂwa_l)c;%ggsrsion !‘.‘:"'; -‘!_il!'i
§10‘15 | T, %
o = . _ B
% [ comb (e*/e” pair, &) no timing = .-"Ei"i--;- A Gl
107" = T l; Y
Sensitivity goal: —
17
BR(u — eee) 10
—16)
\down to 0(10 J 10 with fibres
L Lt

1071@ 0~
96 98 100 102 104 106 108 110

reconstructed mu mass [MeV/c2]
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0

Lowering the 15t COMET transport solenoid into place




Muon conversion &

u~ allowed to stop in suitable target — will capture to atomic 1s,

« Both experiments use Aluminium
« Conversion from 1s orbital: uN — eN gives a

mono-energetic electron at 105MeV (= m, — B;) 2,
!
‘Normal’ Decay-in-orbit is a %0'04 WA > eViAl
background to be avoided %0_03 M,/2
(Tail up to 105MeV is tiny, g
but non-zero) 20.02 W
S
< 0.01f

— ‘ ‘ ‘ ‘ ) , ; |
t///. ‘\\\\A 00 S0 o
Electron Energy (MeV)
S Imperial College
London
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Backgrounds C

Three main background processes: siNDRUM-II (BR <7 x 10713 @ 90%CL)

. Decay in orbit » [Eur.Phys.J. C47 (2006) 337-346]
Energy resolution! :‘hﬁﬁﬂ-l_l_l | Y.+, € measurement |
10 3' +":\_I_ Yoy e measurement
« Decay in flight: . ?"’Mﬂ_ ZZm Muon DIO
Electrons from energetic ' Fo, . o | =" pesimulation
free muons can be . e y
boosted to 105MeV. e
— Momentum selection so 1 - i m”mu i
only slow muons in beam ~ “— sl - I -

 Beam backgrounds: e energy /MeV

Significant number of prompt e~ and =~ produced by beam.
— Easy (in principle) solution: Bunch the muons and wait it out
— Possible because there is no combinatoric B/G

Phill Litchfield ngﬁggf;l College




Waiting out the beam C

Naively, this sounds easy, but...

« High intensity pulsed muon beams are uncommon — new
facilities (J-PARC, FNAL muon campus)

« Require on interbunch gaps to be extremely free of particles

* Need 7, > opyise SO ChoOse stopping targets with long lifetime
Al (Z =13,t, = 0.88ps) is ideal

0.08 = L i

— Cartoon from ? [ ] Proton pulse at production target
0.07 = © n~ arrival/decay time
0.06 = u~ arrival time

- =t {  _____ p~-atom lifetime
0.05F
0.04 E
0.03 gf
0.025 Time selection window
0.01% _____________________ (at tracker plane)
0 | T I T T T T i e e et ol e e

4 ] 1 1 -l I 1 1 1 I 1 1 I 1 1 r 1 1 1 1 1 1
600 800 1000 1200 1400 1600 1800
Time (ns)
Imperial College

1 1 1 1 I 1
0 200 400
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Muon source &

Main driver of sensitivity: Need lots of low energy muons!

« Use dedicated high-power pulsed proton beam lines
(~8 GeV to limit p production)

« Resonant slow extraction onto pion production target

« Collect backward-going
pions with capture solenoid

« Pions decay to muons
en-route to stopping target.

« Many neutrons produced, requires
careful shielding. Curved transport lines
helps to eliminate direct line-of sight.

\ Primary p

Imperial College
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Muon transport C

Muon transport is a curved solenoid

 Particles are channelled in spiral
paths [solenoid], which naturally
tend up/down [curvature]
depending on momentum and
charge.

E 120: I I I I I IIIIIIIIII
8 u Reached Collimator
o
100f=+------ ‘- --------- ‘ -------- ‘ --------- """"" ‘ w Passed Collimator . °
R « Gives charge sign and
:| —— u Stopped in Target

I I/ N S S momentum selection, enhanced
S S SO S SO SO O N W by using a collimator.

40-_ ................................................................. —

; » Use to eliminate high momentum
20:_ ................................ ....... .................... - muons, and Other particles.

00- - IEiiOI ) I1(i]0I ) I‘Ié{) L1£ilOI

Momentum Amplitude (MeV/c) I ial Coll
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Mu2e overview "

Protons

« S-shape, with
that can rotate for BG studies
« Al foils as

STM ~30m

T g | i
rijw =
B e e o i W W T Y 6 O I e

W

-
- 0 = e

Target & detector surrounded by large aperture solenoid for
(105MeV) electron transport

« Electrons spiral from target to ring-shaped and

« Downstream Stopping Target Monitor [UK] monitors muonic X-
rays, for normalisation of muon capture rate

Phill Litchfield
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Mu2e detectors e 4

« Straw tube tracker and high-resolution crystal calorimeter
« Inner radius of 380mm corresponds to pr ~ 60MeV/c
« 'Complete’ tracks in straws need pr > 90MeV/c
« Centre has occupancy 0(1) from Michel-like decays...
— ...and subject to even larger prompt pulse

—

—0.04 //
E WAl > eVvAl B /
F/_'_}_/""
£ 0.03 M2 - y \{ \\
g \
<
£0.02 M >< /
& |
o - /
2 0.01f 9 N \7/ \
- -,
< N -
07 . . . ‘ ‘ ‘ ‘ | — \ /
0 50 100 -

Electron Energy (MeV) 7 Imperial College
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COMET, Phase I and 11

Phase | Phase Il

Protons

N P\
’\\‘\ \\k "] L] W -
O ] NN
N , N Production
S Production N
& O
§ §. Pion Target § $ Pions Target
-.-Lj;’: Muons = 3m
y 2\ m =
—m %% Muons Stopp;ng
= = %ﬂxf Target — Electrons
[ = = "/‘/ ,/’/7 F
= & i 17
= H y‘@u/’.‘,H'HMHM%DHHHHHHHHHHHHMHUf/ ////
= £ Wy s
H —
=N Z
"
[ HHHFFHHHH-H[NH—HM H“\\\.\\?
Pion & muon Detector Electron e— .,;\
fransport spectrometer —

mperidi Loneyge
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COMET: Phase-I

Dual purpose:
« Characterise beam transport and secondary pion yield
« Make an intermediate-sensitivity measurement

Features:

Protons

« Shorter 90° transport and decay line e N
: . : AN LU
« Dipole compensation to keep desired (X hions Production
. Target
momentum band horizontal 3 vuons
« Use Cylindrical Drift Chamber to make |§|

uN — eN measurement.

« Swap for centre-covering Straw Tube and
LYSO crystal calorimeter for beam
measurements (at lower intensity)

AARAARRRRS
FEFPELLLL

[

_ Imperial College
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COMET photos

<« Drift chérh
before wiring
for CR test

» Straw & ECal
integrated
beam test

Imperial College
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CyDet reconstruction [UK]

Typcial Event at 12% Occupancy

v Signal tracks picked out using
Hough transform based discriminator, then
given to Kalman filter for reconstruction.

90°

180°

Stereo 7
projections

270¢°

A Most background hits are rejected
based on timing, charge, & local features.

Phill Litchfield
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London




COMET: Phase II

Full sensitivity version of experiment
The muon transport extended to 180° for fewer

Protons ; =
QU fast, and more slow muons

.:3‘5:;\;&\% Production
gs? Pions Target .
=5 Use a second curved solenoid as an electron
|§| spectrometer. This filters out 'low’ momentum
= and +ive backgrounds, and reduces beam flash
=
%,:’%, Muons Stopping

Electrons

%7
i Final detector is tracker / EM
o W,
""//ﬁuHHHHH%HHHHHHHHHM /Z calorimeter (like Mu2e and
' Phase-I) but full plane -
possible because of the
LLLLTLLL,
[ o o
Phill Litchfield Imperial College
London
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Summary

Adapted from Ann.Rev.Nucl.Part.Sci 58, 315 (2008)

m @
Py
%% (@) =
'Lg 5 A )y A
£
— P /\
X
8 w
vgﬂﬂ
(.74
e Oy,
v © .
\4 O DD
MEG-II |@
COMET Phase-|
Mu3e %’
COMET/Mu2e| @
| | | |
1960 1980 2000 2020
B u—-ey T Uy
vV u-— eee A T > uuu
@ uN - eN
Phill Litchfield Imperial College
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Summary

Adapted from Ann.Rev.Nucl.Part.Sci 58, 315 (2008)

SM assumed that flavour structure of
the lepton sector was trivial.

 Neutrino oscillations blew that wide
N open. We must catch up!

@

m o
B

BadD
®
;>

90% Limit/Sensitivty @

Has g-2 anomaly has become
S mv . .
Oé’; OoIjlj gradually bigger over time.
v ® “mg « New experiment(s) will seek to
MEG-II |@ : : :
COMET PhaseI| @ confirm it, starting ~2020
Mu3e
COMET/Mu2e| @ . .
. . . . Charged Lepton Flavour Violation
1960 1980 2000 2000 1S having a slight renaissance.
5 KH=ey = « Several new experiments in
vV u-—eee AT pu multiple channels, driven by new

® uN -eN beam and detector technologies.

Imperial College
London
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o TN
Any questions? Ask
Me About

=  General
— .

= — Relativity
=\

—

Reconstructed reaction of a g-2
collaborator to GR papers

Imperial College
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Ask

GR corrections to g-2? R

general
relativity

“Post-Newtonian effects of Dirac particle in curved spacetime
arXiv: 1801.10244; 1801.10245; 1801.10246
[Caveat: | have barely skimmed the papers]

3" paper posits that a previously unrecognised general-relativity (!)
correction would explain the g-2 anomaly. But...

q 1 B XE
wa=ws—wc=—m—u a,B — au—yz_1 .

« As | understand it, g-2 response is that the correction only affects
, 50 is 0(1073) smaller than assumed by authors

« Theorists on blogs also suggest the correction depends on
absolute potential, not potential differences [so must be wrong]

| don't know enough to judge on either of these two criticisms

Phill Litchfield
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More corrections >

Since we can measure g very precisely, we need lots of terms in the
anomalous part:

a=1+ AaQED + ACLEW + AaHad (_I_AaBSM?)

And, for example,

a n
AaQED — Z Cn (E)

n

g—f~1+ZC (g)n + Aagw + Aa

5 — n T EW Had
| §
_I_ VV/’/ \\W _I_ —I— coe
’H\ ——

/- Y T~
QCD

Imperial College
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Theoretical work (on au)

891 diagrams arranged into 25 gauge-invariant sets

,u_u'_'f 148 -—o0.623% 40 —1.04% 108 0.512 0.69 60
/ Al
(2) (7)
0.409 0.0065 2
(9) (10) (12) (13) (14)
12 0.00087 1 0.0111 3 0.0495) 15 —1.14 18
(16) (18) (19) (20) (21)
0.822, 60
Typical representative diagrams of gauge-invariant sets
Left: contribution ta g-2 right: number of diagrams
\_(22) (23) (24) (25) Yy,
Stefano Laporta. QED contributions to the electron -2, FCCP 2017, Capri 7 Sep 2017 Page 13
1100 digits of 4-loop coefficient

Cy=
-1.912245764926445574152647167439830054060873390658726345171329848006

38443980651706142760892700003631583755841533147327005663785149128545391)
9028043270502738223043455789570455627293099412966997602777822116578472

3390641519081665270979708674381150121551479722743221642734319279759586)
0740500578373849607018743283140248380251922494607422985589304635061404]
9225266343109442400023563568812806206454940132249775943004292888367617)
4889923691518087808698970526357853375377696411702453619601349757449436
12684861751626068323871867473038315069627418780153056148794005636977798
3694642786843269184311758895811597435669504330483490736134265864995311)
63878117434753854234883640855844418822372174656706871041823307430517443
06557394596117155085896114899526126606124699407311840392747234002346496)
9531735482584817998224097373710773657404645135211230912425281111372153
0215445372101481112115984897088422327987972048420144512282845151658523
6656178659459260099173303172130286546721234534050034910470072892448720

6160442613254490690004319151982300474881814943110384953782994062967586)

\‘?87538524978194698979313216219?9757506?670114290489796208505A.4 Y,

Stefano Laporta, QED contributions to the electron ¢-2. FCCP 2017, Capri 7 Sep 2017 Page 14

@ ,

<4 QED component calculated to
4t order... should be enough for

the time being

As always, the hard part is QCD

* But many recent improvements
from Lattice calculations, new

theoretical insight...

Hadronic
Vacuum
Polarisation

Hadronic
Light-by-
Light

Phill Litchfield

—
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DeeMe concept

If pion momentum is small, t=~ - u~v decaysand
muon capture can happen.in-one target

« Large sample of muon

A . .
* decays without needing
‘. o to build solenoid channel
o ®
®

Proton

roauctio

Target econdary Beamline

Phill Litchfield imperial College

London



DeMee design & goals

« Study DIO tail (see Nagao-san's poster)
u—e 1yearS.ES.

° H-—econversion 1.2 x 10713 [Carbon target]
2.1 x 10~ [SiC target]

° @ 11~ Production
‘, : @in-flight m=— u~
o ‘| ®Muonic Atom Formation
50 -:: ol @ u-e Conversion
Proton ::._. e IJ)

SN,
Production I I
Target

Secondary Beamline

Imperial College
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DeeMe in MUSE H-line
(Technology)

. Quadrupole Triplet
Prompt burst would cause big
problems for normal MWPC

« Develop fast-switched MWPC.
(see Teshima-san’s poster)

‘Bending Dipole Magnet

) « Mag
SCENE SAPING MRETEY |

I
1

.....

Wien Filter \
(not used for DeeMe) |
1

PACMAN spectrometer . Transport Slencid |
magnet from PIENU ¥ / :
experiment @ TRIUMF. A

« B =0.4T at centre.
For 105MeV, gives
a 70° bend.

Target

Prototype of rotating
SiC target fabricated,
updating design.

Phill Litchfield e = T—————— 'L'Eﬁar(')ﬂ College




U to e conversion

v In the SM uN — eN is supressed by
”Am_e 0(107°>%) because of the mass disparity

between the W and neutrino.

\ _ /W
N éy N This is ‘accidental’; new physics scenarios
SM 11 - e conversion typically give CLFV much higher than SM.
H O e
Y g Dipole coupling
- y " )
O q Lo~z Boue - F*

/ \\
n—{ ) % .
-Y
éf % T e
q (N) V q (N) Four-fermion coupling

NP u - e conversion 1
L~_
L ! L+ “ L S
= q q
1+ ¢ "1+ o
mperial College

Phill Litchfield London
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A giant leap...

For the full COMET experiment

105,_ I lllllll[ I IIIIIHI 1 IIIIII| I T TTTTTH

sensitivity Improvement over > F e 1%
9 [ . Rate~ |— )

SINDRUM-II is 4 orders of B [ — L Au= e Au A2] ]
maghnitude. S P — Al S e Al PRISM/PRIME -
I (. 5%107 )]

MC of background processes I ' B ET Phase.ll_
. p . - -17y]
[especially ‘tails’] may not be - R o L3 Lt
good enough for optimal design T :
| MEG-Il (~ 6x107'%) COMET Phase-| _

 Intermediate-scale experiment
can measure background
sources and inform design.

(~3x107")

10° g
« Can still do competitive physics ]
with a smaller apparatus i
_SINDRUM-II (< 7x10"") ~y
| IIIIIIII | IIIIHII L1 IIIIII| L1 11 1Ml

Include in COMET programme: 1072 10” 1 10 102

COMET Phase-| : K -
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Mu2e overview .

« S-shape and off-centre collimators that can rotate for BG studies
« Stopping target is 17 x 0.2mm Al folils

« Target & detector surrounded by large aperture solenoid
for (105MeV) electron transport

« Electrons spiral from target to ring shaped and EM
calorimeter

« Downstream Stopping Target Monitor [UK] monitors muonic X-
rays, for normalisation of muon capture rate

Phill Litchfield :_rg;ra‘agz;l College




Muon transport

Muon transport is a curved solenoid

« Particles are channelled in spiral paths
[solenoid], which naturally tend
up/down [curvature] depending on
Al — momentum and charge.

¥| —— u Passed Collimator

cert | o Gives charge sign and momentum
- selection, enhanced by using a
collimator.

« Use to eliminate high momentum
muons, and other particles.

11 I 11 i 11 i l-i 1
80 100 120 140
Momentum Amplitude (MeV/c)

Imperial College
London
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COMET photos

v Magnets laid-out for -~ Y= ¢ Drift chan\“béri
switchyard s . U

before wiring
for CR test

v Straw & ECal
integration test

=

8 Rt
R
A’/,"

_ Imperial College ™
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Muon source

o TS IdM
« Collect backward-going (751 cals  Sheih oMot
. . TS1 thermal shield Vacuury vessel CS thermal shield
pions with capture ; | 5
solenoid —tt |
« Maximise field at target to = -
give larger aperture angle EaFi= |k J 7
bl =1 {H > — ¥k — — ¥ = - ik
[ ¢ ’;M%H_f__ﬂ%_l 7 l/X]b f ]
| Tste | TSic | Tsta |\ ' /
TSI Tsid  TSib M52 G S0
B R T T E
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N R
R -- /////
S B ol . 3

« Pions decay to muons en-route to stopping target.

« Many neutrons produced, requires careful shielding. The curved
transport line helps to eliminate direct line-of sight.

Phill Litchfield

Imperial College
London




CyDet reconstruction

Typcial Event at 12% Occupancy

v Signal tracks picked out using
Hough transform based discriminator, then
given to Kalman filter for reconstruction.

90°

180°

Stereo 7
projections

270¢°

A Most background hits are rejected
based on timing, charge, & local features.

Phill Litchfield

270° Imperial College
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Phase II beamline optimisation §,,

i
ET
e

@ 2 In parallel with Phase | construction,
«ms & Phase Il design is being optimised using
- | £ integrated COMET simulation. Examples:
| £ @ @ Correcting dipole field strength

o D @ Collimator positions

0.001

PRI !

’ 11 1 1 | | S - - l 11 L .
0.7 0.8 0.9 1.0 1.1 1.2 1.3
Torus 1 Scale Factor ( > T)

Target position & shape

Irﬁperial College
London
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Sensitivity

'(uN—eN)
I'(uN—-vN'")

Expressed in terms of R =

l“ Sy
"
o
.

Define single event sensitivity (S.E.S.):
Value of R s.t. mean expectation is 1 signal event.

1
- S.ES. =

g = 0.9 prob. for N to remain in ground state

where:

f = 0.61 fraction of nuclear capture (1 — Pp;g)

In phase-1: \{\
N,=15X 10'® number of stopped muonso\ \

A = 4.1% is the signal acceptance
— Dominated by geometric (18%) and time (30%) acceptance.
— Selection for B/G of 0.03 events

Phill Litchfield

Imperial College
London




