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Muons making headlines

CERNCOURIE

May/June 2021 cerncourier.com Reporting on international high-energy physics o
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Freewheelin’ Artistic sketch of muons (blue) interacting witha
magneticfield (purple), including “g—2” contributions, which are
the subject of intense theoretical efforts (p25).

Fermilab is at the very beginning of a campaign that will
ultimately reduce the muon g-2 uncertainty by a factor of at
least three, while a completely independent measurement is
expected from J-PARC in Japan. If something is indeed going
onwith the muon’s g-factor, it will only be natural that interest
inawider muon experimental programme is heightened. This

Laser-cooled antihydrogen ' includes Mu2e at Fermilab, Mu3e and muEDM at PSI, and COMET
Flavour anomalieS Iy in the PO atJ-PARC. A proposed experiment at CERN — where the first g-2
measurements were made 60 years ago (p49) — called MUonE
aims to precisely determine the leading hadronic contribution
tothe g-2 measurement, while theoretical calculations relevant
to muon g-2 are an exciting work in progress (p25).
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History of muon anomaly measurements and predictions
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k= theory prediction
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G. Venanzoni, CERN Seminar, 8 April 2021
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[ 0.66 ppm] 1999, theory

_|[ 5.1 ppm] 2000, BNL p* data 1998

[ 0.69 ppm] 2000, theory

_|[ 1.3 ppm] 2001, BNL u* data 1999

[ 0.57 ppm] 2001, theory

[ 0.73 ppm] 2002, BNL u* data 2000
[ 0.70 ppm] 2002, theory

[ 0.72 ppm] 2004, BNL p~ data 2001
[ 0.70 ppm] 2004, theory

[ 0.54 ppm] 2006, BNL u* data 1999-2000
[ 0.63 ppm] 2006, theory

[ 0.30 ppm] 2017, Jegerlehner 2017
[ 0.41 ppm] 2020, DHMZ 2019
[ 0.32 ppm] 2020, KNT 2019

[ 0.46 ppm] 2021, FNAL u* data 2018

_|[ 0.35 ppm] 2021, BNL 2006 + FNAL 2021

[ 0.37 ppm] 2020, Muon g-2 theory initiative

(0.35 ppm).
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Prog. Theor. Exp. Phys. 2019, 053C02
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https://ieeexplore.ieee.org/document/9153019

S imaTEDIRGE - BIREIL

The muon g-2 theory initiative formed since 2017§e4
The “white paper”, Phys. Rep. 887, 1 (2020)

Contribution Value x 10"
QED 116584 718.931(104)
Electroweak 153.6(1.0)

— HVP (e*e, LO + NLO + NNLO) 6845(40) 57,
HLbL (phenomenology + lattice + NLO) 92(18) . M*o |
Total SM Value 116591 810(43)

™
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VP NNLO (o er) Teany | €N | Belle llo
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S1—A>g-2%ziieR & U DR

ep-ph] 15 Apr 2021

Muon g -2 and B-anomalies from Dark Matter

. . . [Refs: Athron et al, 2104.03691; Buen-Abad et al, 2104.03267;
New physics interpretations  jaicetal 190207715 bemisek et al 2103.05645]

228v2 [hep-ph] 22 Apr 2021
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Challenges for an axion explanation of the muon Scalar extensions
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2HDM D 55

K. Tobe, cLFV 2016

Process typical value observability
muon g-2 da, = (2.6 £0.8) x 1077 (input)

T — Wy BR <107 o
T — ey small X
T—=ultl™ (I=e, p) depends on pt* and pge (o)
T e T, e pute, petus small X
T — U depends on p3° (o)
T — UVv § < 1073, lepton non-universality A
T — evv small, lepton non-universality YA\
[w— ey depends on pze(eT) and pl elen) (o)
[t — e conversion depends on pl e and piiu (o)
pw— 3e BR < 10713 (0)
muon EDM 6d,,| < 1072%¢ - cm (o)
electron g-2 small X




g-2 & EDM
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M u O n E D M EDI\:I/I:M =d,< 1_0'19 e/cm (BNL E821) 20
EDMH VS g-Zu (model independent relation)
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Muon cLFV : motivations
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de Gouvea and Vogel
hep-ph:1303.4097




Muon cLFV : SUSY-GUT, SUSY-Seesaw

ALT bV
= /i_ﬁu ‘(m~ )2.7 — mo @ Planck mass scale

SUSY-GUT -
Yukawa interaction SUSY Seesaw Model
Neutrino Yukawa interaction

(Bm2)y 0 | [y

|
o ! REB ¢ g-2
FEXT A Bk 5> | FEER © EDM

2 2
. M
(m), ~ 27y, 1 Mot (m2), ~ 2 A0, 1 e
T’ R v — .

CKM matrix CLFV PMNS matrix

L.J.Hall,V.Kostelecky,S.Raby,1986;A.Masiero, F.Borzumati, 1986
=R (2010) #*&im
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Muon cLFV : history

1990 1995 2000 2005 2010 2015 2020 2025
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MEG I

=75 (JPS 2021.3)

MEG Il Experiment f o I L2s2 000

o EEAREIRNE <2 resolution everywhere
Liquid Xenon y Detector Jlsies
900L LXe, 4092 MPPCs + 668 PMTs SAAA RN

COBRA SC Magnet
Upstream

Better uniformity w/ VUV-senS|t|ve
12x12mm2 SiPM

Gamma-ray (y) N A 7x1 07/s

x2 beam
intensity

Downstream

Radiative Decay
Counter

Further reduction
of radiative BG

Positron ' Cylindrical Drift Chamber

v : Single volume He:iC4H10
A small stereo cells, more hits

Pixelated Timing Counter x2 efficiency

30ps resolution w/ multiple hits

5
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MEG I

Detector commissioning: Data

Summary =K (JPS 2021.3)

- All the MEG Il detectors were tested under MEG Il intensity

- The full electronics will be produced in March 2021

- PSI accelerator beam time in 2021 is decided, and we will concentrate on
each sub-detector preparation for full electronics, and performing
engineering run followed by physics run.

- There are several issues from each sub-detector for the physics run, but
we will try to solve these problems to start the MEG Il experiment this year

/TIPS 2020.9)
MEG |l sensitivity vs. DAQ year
with measured LXe detector performance
& PDE degradation

o
*@’ ———e—— MEG Il. Optimistic PDE degradation
e
= o MEG II. Pessimistic PDE degradation
g 107
© -
o -
"/ MEG Final Result
1073
10_14 IlII‘IlII|lIII1IIII|1III|I]IIIII
0 1 2 3 4 5 6

year



IE:IMIEI s * TargetS.E.S. 2.6 X 107
e 8GeV Pulsed proton beam at J-PARC

Staging approach

Phase-l 8GeV-3.2kW, < 1014
Phase-Il 8GeV-56kW, < 10-16

Eezmu'Bu'Nrecoil *

=104.9MeV

COMET phase | COMET phase I

Pion Capture Section

A section to capture pions with a large
solid angle under a high solenoidal

V.

A section to collect muons from
decay of pions under a sclenoi-

magnetic field by superconducting
= '§\ Production maget
Pions — Target % Target
Muons = =
\\ IE
r:é;?: Pions .
= Detector Section
= A detector to search for
I — l muon-to-glectron conver-
.“g: ‘. w Missns sion processes.
I -— I Stopping \ Stopping
. Target % 2 ) Target 7,
‘ cylindrical .%. : /
iBkector for - %] S/ e e
C LFV Pion-Decay and
measureme nt Muon-Transport Section e————
i

dal magnetic field.

5m

Phase-II prototype for
background characterisation

LLErr

(aX> ) g-2/EDMEER & FIHER D 7= 8

—fEICEND
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MuZ2e at FNAL

A System of superconducting solenoids and an intense muon beam

: : rotons
Production Solenoid (PS)p %ansport Solenoid (TYS)

_,,—-‘/ B /
— >, p=

oA 2025FE N 5T — X INEFE
g-23 8% & exclusive

i < i SR SRR OO . 5o
i (s "w,\\ Vi | < A R R E T

Wk L /A F(TS)

o~
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Mu3e at PSI

+ * The Mu3e experiment aims to search for y+ = e+ e+ e- with a sensitivity of ~10-15 (Phase |)

& ,u+ Q e up to down ~10-16 (Phase Il). Previous upper limit BR(u+ = ete+e-) <1 x 10-12@90 C.L. by
e .
\y
O Tile detector

Fibre hodoscope

MIDAS DAQ and Slow
Control

Muon Beam and
“~ target
Mupix detector —

30



Mu3e

Mu3e Magnet (Cryogenic) delivered at PSI in summer 2020 A. Papa (TIPP 2021)

CMBL installed in piES area
Beam Line commissioning with all elements just started (few days ago)

Slice detector commissioning will follow next weeks




DeeMe LI A<(JPS 2021.3)
@ 11~ Production . A/ NWIL A bmFE— L \

I' . @in-flight m—— u -
. ® Muonic Atom Formation
@ u-e Conversion

Proton |Seat e
o\®\g ° €

A

:UX o low-P BG j
. % Righ-P H

?;(:d:tctlon Signal Magnet
9 Secondary Beamline Spectrometer

+ RRSR BBEITRILF -
FEFEF (105 MeV, ~1 usiE L)
« 5P ¢ J-PARC MLF H-Line
« 3k
» nRRAITFEM, o, e
TaF =V IRFTERE LD Y
DE LA TITS . .

« uSeEriEN L DEE I XL

¥—BFAEE—LTA Tl -
L, KRNI bOX—
X — TR,

B ==X (SES) : 1x 1013 (C) T T Ay SEEUERE
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g-2 and muonium experiments 33

Fermilab E989
J-PARC E34 (this experiment)
- =) (8-2
Wy g Wa by Ty g A
a e
o=t | AR s e
/ \ Wp He Te 2
Wp Hp \
\ 120 ppb/ ,/ \ % 8 ppb 120 ppb 0.3 p[:D
/ sm
My / NV
MuSEUM(J-PARC) ,, \ Mu-MASS(PSI), new exp.(J-PARC)
/ \
Mu HFS %===---=----3Mu 15-2S
. B m .
rrz;mum . EazR H 1 me 3 u muonlurn3a2 2 m 4
1S-HFS 3 OO,UB m, Avisos = Emec 1+ E
V34 — V19 X Hu Three quantities are mutually correlated.

Fp Closing a triangle with new experiments will establish ultimate prec3|35ion.




g-2 and muonium experiments 34

at J-PARC S——

J-PARC g-2/EDM (2025~
Lead by K Shlmomura (IMSS/KEK g—z g2/ ( )

A
/ \
7. %N
5 %\
’ 5
o S go
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