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The history of Muon g-2 A

The history of the Muon g-2 experiments finds its roots in the series of experiment at CERN
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What is the Muon g-27

The intrinsic magnetic moment of a particle with spin is:

i=g-—S
2m
The g-factor (gyromagnetic) defines the coupling between the spin and the

QED

4

magnetic field:
* g=1classic theory;
* g =2 Dirac quantum theory;

e g=2.00233... quantum field theory.
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How such precision is possible?

4 nature gifts allow to reach this very high precision:
1. Muons strongly polarized (95%):

V —
» ltis possible thanks to the weak pion decay

2. Precession frequency proportional to (g-2)

> W, =0 —w=(g )
a S C 2 m

3. Magic momentum P, = 3.094 Gev/c: = /1+i~ 503 OW\AAMNV\NNWV\WMW%NW

> W Z%[au %/m]

|||||||||||||||||||||||||||||||||||||||||||||||||

4. Positron emitted preferably in direction of the muon spin
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v Detectors :
’?‘ L
" 24 electromagnetic calorimeters:

* 54 PbF2 crystals read by 54 SIPMs.
* Crystal length 14 cm, 15 X,,.

* Cherenkov light faster then showers (signal

width ~nanoseconds).

e Laser calibration system, allows the energy and

time calibration of the calorimeters

volume

Tracker Calorimeter
chamber

e Two straw tubes trackers.
e 32 planes of drift tubes filled with a 50:50

mixture of Ar/Ethane.
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y w, Mmeasurement :

TTTT

 The simplest function which describes the

Counts/149.2 ns
H
3
o

number of emitted positron from muon

2000

decay is: -

t
N(t)=Ny-et -(1+A-cos(w, t+ @))

IResiduals
g .

:

* From the Fast Fourier Transform (FFT) of the

FFT magnitude

fit’s residual many frequency peaks arise due to 06

beam dynamics effect didn’t account from the 0_2‘5
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w, measurement

&R
>

* Taking into account for the beam motion, the fit function gets more

complicated up to contain 22 parameters.

Time since injection: 5.0 us
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‘:5 w, Measurement
 The magnetic field is measured by:

» 378 fixed probes around the ring;

e 17 NMR probes moved around the ring

via a trolley.

e The tracker measures the muon

Muon distribution

-

distribution around the ring.

* The magnetic field map is weighted with

the muon distribution to obtain the -

> .
. aEmmER. _dEmEr
llllllllllll
N8 mEE,

effective field experienced by muons. e e N
From trolley
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(44 a, Extraction

For the measurement of a;, the measured w, and w, need to be corrected by:

p

Beam dynamics corrections
A

- N
/ fclock (1 + Ce + Cp + le + Cpa)

“ feanin < wy, (X, y, P)XM(x,y, p) > (14 B + Bq)
—

Transient field corrections

These corrections have been obtained during Runl analysis.

Cpar Bi, By corrections included in systematic error in E821.
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v Run-1 result
On 7t April 2021 the Run-1 result has been revealed showing 4.2¢ from SM estimate. &2
* In 2021 the BMW group published a lattice calculation of a;f"", with a comparable error
w.r.t WP2021 result, reducing the discrepancy with g-2 experiment up to 1.50.
* In 2023 CMD-3 presented a result that is in agreement with BMW calculation and

experimental results.

F. Ignatov — Recent ete” » mt*m~measurement with the CMD-3 detector

Fermilab/HPQCD/MILC 23 e lattice calculations ====="= P
RBC/UKQCD 23 HE Nature 593 (2020) 51 BNL g-2 F;RD 73 (2026) Ao
ETMC 22 —e— ~3.70
Mainz/CLS 22 e g FNAL g-2 I:DRL 126 (3021) 141:801
Aubin et al. 22 ; e i ~3.30
xQCD OV/HISQ 22 - | I | A
YQCD OV/DWF 22 - — (‘ 420
BMW 21 4 ——o C_N\D'?’ . 2T onlyfrgm CMD-3
PhysRep 887 (2020) e adeSe
Lehner & Meyer 20 - —e— B +—e—
Aubin et al. 19 - —e—t Stﬁggg{d Eéglc-;r&znt
RBC/UKQCD 18 1 &1 See Christoph talk! | , | | | | . . |
. ' : ' 17.5 18.0 18,5 19.0 19.5 20.0 20.5 21.0 21.5

|
arXiv:2301.08274 900 202 204 206 208 210 212

. ___________________________________________________________________________________________________|
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https://indico.psi.ch/event/13708/contributions/43296/attachments/25270/46331/pipiFinal_7June2023_ZurichRadcorMC.pdf
https://arxiv.org/abs/2301.08274

%ﬂ? Ru n2/3 dana IYSiS Thermal coating u}\
inner coil l top hat K‘, f::{’r':zl"")
°During Run2 and Run3 (late 18 - early 20) different (el

upgrades have been done:

muon
region|

* Fixing damaged resistors (Run2);

e Main magnet Thermal coating (Run2); B mst—
 Conditioning system for the experimental hall (Run3); - Ctonditioning system -
* Improving of the kickers voltage (second part of 1 MAGNET(D) '”

w
o
1

- 30

Run3 — Run3b).

- 28

* Run2/3 analysis is ongoing, the expected statistical

- 26

Magnet-D Temp (C)
N N
(=] (=]

uncertainty is ~200ppb, with a syst. unc. O(100ppb),

AT —————
24

- 24

halving the Runl uncertainty. RN S SR e

06/07/23 E.Bottalico - (Beauty 2023) 12



’%:: Run2/3 anaIyS|S Thermal coating i
*

thermal
1 . . inner coil top hat _I insulation)
*¥'During Run2 and Run3 (late 18 - early 20) different | C@
| “wedge l‘
. \ pikce B
upgrades have been done: -
muon 4 A > fixed NMF
region
* Fixing damaged resistors (Run2); e,
Vertical width variation . . s
Station12 Station18 Radial mean variation _
Station12 Station18
T 0 € 1.2
E L 3 T F T
z L : [ E 05— £ :
> 1 > 1: E\; [ ] -."..'... xé L
0_8; E Oi : e mf s ’ . 3
e 0814 :;’ * Runld o84 * Runld
06: e Runild ool * Runld _0-525 * Run2c 0_6:_% * Run2c
:E: e Run2c ee * Run2c N :
0.4-+% 0.4;2.: i: -
'0", ‘.Q‘ _17' * 5 H &
LY +% r N sagee8 v}
R ‘N ’ ozt ),
024 (‘“ 02 X o L3 3%‘,;’
i AW R 3"9;? . ~15f ol W'
o Ml o Wty 1 : e
:I 11 ‘ L1l ‘ L1 11 ‘ LIl ‘ LIl ‘ L1l ‘ L1l ‘ L1 _\ 111 | L1 | L1l | L1 | L1l | L1l | L1l | L1l _2:_ _02_
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 I\\I‘I\\Illll\l\l\\l\l\lllll\‘ —\\I\‘\I\\ll\lll\lll‘ll\\l\\ll‘\ll\lll\l
Time [us] Time [us] 0 100 200 300 400 500 600 0 50 100 150 200 250 300 350 400
Time [us] Time [us]
06/07/23

E.Bottalico - (Beauty 2023) 13



%ﬂ? Ru n2/3 dana IYSiS Thermal coating u}\
inner coil l top hat K‘, f::{’r':zl"")
°During Run2 and Run3 (late 18 - early 20) different (el

upgrades have been done:

muon
region|

* Fixing damaged resistors (Run2);

e Main magnet Thermal coating (Run2); B mst—
 Conditioning system for the experimental hall (Run3); - Ctonditioning system -
* Improving of the kickers voltage (second part of 1 MAGNET(D) '”

w
o
1

- 30

Run3 — Run3b).

- 28

* Run2/3 analysis is ongoing, the expected statistical

- 26

Magnet-D Temp (C)
N N
(=] (=]

uncertainty is ~200ppb, with a syst. unc. O(100ppb),

AT —————
24

- 24

halving the Runl uncertainty. RN S SR e

06/07/23 E.Bottalico - (Beauty 2023) 14



’2;5‘ Muon g-2 Outlook

e Run 6 is currently ongoing, it will finish on 8t July 2023.

 We reached the TDR goal of 21 BNL on 27t February 2023.

e Run-2/3 publication soon. (I can’t say more ¢3))
* Run-4/5/6 result is expected in 2025/2026.

Last update: 2023-06-28 08:24 ; Total = 21.89 (xBNL)
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MUonE Experiment at CERN A

Letter of Intent: The MUonE Project, SPSC-1-252

Extraction of Aay,4 from the shape of the ue — ue differential cross section:

It (1073 GeV?)

1 0 0.I55 2.?8 19.5 35‘.7 o‘o

07 il

g / dz(1 — ) Actpag[t(x)]
T N J

0 Y
do (A()éh d) -
Ry.q = data 2 ~ 1+ 2A« t
From theoretical calculation @NNLO To be measured

0.2
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https://cds.cern.ch/record/2677471

v MUonE Experiment at CERN

oy
* ~ 100 cm
’e )‘“ 10 cm
[ N
M2 muon beam at CERN e |
M >
ﬁ.'—‘k‘f ----------------------------- T:m ———— - 19
Tl ‘ 1
Eu = 160 GeV || L v
Be Si Si Si
Beryllium target 1.5 cm thickness Tracking system: 3 pairs of silicon strip detectors
N e muon filter
M2 i beam — u chamber
160 GeV/c > 7#7/_ N A 7R B | R + ""
station #1 ~ #2  #3 I #k 40
ECAL

e 40 stations (target + tracking).
* 3 years of data taking.
* Goal 0.3% statistical error and comparable systematic.

06/07/23 E.Bottalico - (Beauty 2023) 18



by MUonE Experiment at CERN

e Current schedule:

* 3 weeks Test Run in Aug/Sept 2023:
o Proof of concept of the experimental proposal using 2
tracking stations + calorimeter.

* Towards the full experiment: 10 stations before LS3 (2025):

HLO

o Four months data taking: ~2% (stat) measurement of a,

o Full apparatus (40 stations) after LS3 (2029).

06/07/23 E.Bottalico - (Beauty 2023) 19



Chicago

Me at Fermilab A

Transport Solenoid (TS)

e Selects low momentum, negative muons

* Antiproton absorber in the mid-section

The Mu2e experiment and the INFN contribution — Fermilab 2021 Summer Student School at LNF

06/07/23 E.Bottalico - (Beauty 2023) 20


https://agenda.infn.it/event/27294/contributions/140626/attachments/83940/110936/Mu2e%40FNALSummerSchool-2021.pdf

MuZ2e at Fermilab
mee= Target and Solenoid (DS) '
e Capture muons on Al target

* Measure momentum in tracker and
energy in calorimeter

e Graded field “reflects” downstream
conversion electrons emitted
upstream (isotropic process)

06/07/23 E.Bottalico - (Beauty 2023) 21


https://agenda.infn.it/event/27294/contributions/140626/attachments/83940/110936/Mu2e%40FNALSummerSchool-2021.pdf

Me at Fermilab A

Chicago

mem Calorimeters:

e ~1300 Csl crystals, each with 2
SiPM readouts

06/07/23 E.Bottalico - (Beauty 2023) 22


https://agenda.infn.it/event/27294/contributions/140626/attachments/83940/110936/Mu2e%40FNALSummerSchool-2021.pdf

Me at Fermilab A

Chicago
m=w Iracker:
F e >20k straw tubes filled with Ar/CO2
mixture

36 planes, 6 panels per plane

06/07/23 E.Bottalico - (Beauty 2023) 23
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v Mu2e — Experimental Concept

* Searching for the neutrinoless conversion of u — e in the presence of a nucleus:
u +N-e +N

(u~ +N(Z,A) > et +N(Z A))

< 6x10717(90% CL)
r (u‘ +N(Z,A) > v, + N(Z — 1,A))

Coherent Conversion

* Practically forbidden in SM (~ 10°*) E
° 1 . 27
The experiment workflow: Al * Nuclear Recoil
N

* Muons are stopped in an aluminium target. /'

 When stopped muons convert to electrons, the nucleus recoils

Ee=mu_NrecoiI' (B'E')IS
=104.9MeV Ye

and the electron is emitted at a specific energy.
* Signal, E, = 104.9 MeV is unambiguous sign of new physics.
 Main intrinsic background is Decay In Orbit (DIO) events. —
To reach the required precision, ~ 102 stopped muons are needed.

From Tomo Miyashita Talk (Fermilab User Meeting-2018)
| . —
06/07/23 E.Bottalico - (Beauty 2023) Decay In Orbit 24



https://indico.fnal.gov/event/16332/contributions/36956/attachments/22954/28458/Mu2e.pdf
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Mu2e — Experimental Concept A

o Searching for the nenitrinnlacc ranvercinn nf 11 —» o in the nrecenre nf a niirlenc:

* Practically f
* The experinr
* Muons:
 When st
and the

* Signal, |

* Main int

To reach the re

06/07/23
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The decay spectrum is
distorted by the presence
of the nucleus!

signal
9 e Mev

1 " " i 1 i M M —~i M M M 1

20 40 60 80
From Tomo Miyashita Talk (Fermilab User Meeting-2018)

. —
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MuZ2e

e Current schedule:

 Complete the project by the end of 2025
e Commission and take data in 2026

e Publish first results in 2027

* Increase statistics by x10 after 2years long shutdown

From Mu2e: getting on mass shell — New Frontiers in Lepton Flavor (Pisa-2023)

06/07/23 E.Bottalico - (Beauty 2023) 26


https://agenda.infn.it/event/33145/contributions/191887/attachments/105243/147847/2023-05-16-nflf-pisa.pdf

(Particle Physics Annual Meeting Liverpool) }ﬁ §§

From Mu3e - Andrea Loreti

Mu3e at PSI .
4 AN
° BR(/,[+ > e’ -+ y) ~ 0 (ﬂ) ~ 10—54 (&

myy

* Neutrino oscillations at weak interaction scales
(10~1°m) are practically zero

 There are theories Beyond the Standard Model

(BSM) that predict lower values for CLFV processes
like Mu3e. Any observation of CLFV would mean
new physics BSM.

* Mu3e goals:
* BR(uT —» etete )< 2x1071° (108u/s phase )
» BR(ut » etete )< 10 1% (10%°u/s phase Il)
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https://indico.ph.liv.ac.uk/event/1246/contributions/6560/attachments/2820/3858/Mu3eExperiment_Liv2023.pdf

b4y Mu3e at PSI .
% 2N

Detector:

* Ultra-light silicon pixel tracker for vertexing.

* Two timing detectors: scintillating fibres
(250ps) and scintillating tiles (100ps) for charge
reconstruction and background discrimination

Requirements:

 High rate capability (>10° muon/s)

* Good vertex resolution (< 200 Mm) \\ \/ scintillating " //
fibres = |/
* Good time resolution (< 100 ps)

* Excellent momentum resolution (< 0.5 MeV/c)

06/07/23 E.Bottalico - (Beauty 2023) 28



e Mu3e at PSI

The time line for the Mu3e experiment is currently the following:

e 2014-2022 Detector development

2023/24 Detector construction, installation and commissioning at PSI

2025+ Data taking at up to a few 10°muons/s (Phase I)

2027+ Construction of a new muon beam line at PSI

2028++ Data taking at up to 2 - 10° muon/s (Phase Il)

06/07/23 E.Bottalico - (Beauty 2023) 29
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“The closer you look the more there is to see”

F. Jegerlehner

Thank you!!!

* For any question or just to have a chat — elia@liverpool.ac.uk

. ____________________________________________________________________________________________________________________________________________|
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aa Kickers and Inflector

* The inflector cancels the storage ring field such that the
muons are not deflected by the main 1.45 T field.

* Superconducting, operational current ~2.6 kA.

150 T T T I T T T I T T T I T T T I T T T

3 Kickers are necessary to inject magic momentum muons : — Kicker Puse fom Magnetometer Data |

----TO Pulse
- Cyclotron Period

along the magic radius (7.11 m) with a required kick at

order of 10 mrad.

Intensity [arb. units]

e 4 KkA current in 200 ns pulse.

* Design kick strength has been reached in Run-3 (~160 kV).

Time [us]
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* The Electrostatic Quadrupoles (ESQ) system allows |

to strongly focus the beam vertically, four ESQ
stations are symmetrically placed around the ring. |

* The plates are raised from ground to operating

voltage prior to each fill with RC charging time

constants of ~5 us.

* This procedure, known as scraping, initially

Voltage [kV]

C 1 1 ]
7.5 i i -
1 1 -

displaces the beam vertically and horizontally witk  so- :

—— Nominal One-Step E

respect to the central closed orbit. ool | et
Time [us]
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= w, measurement — CBO oscillation AN

w
" Given the restoring force by radial magnetic field, the beam oscillates radially (vertically too)

as the betatron frequency: wgg = w,v1 —n, where nis the field-index.
* The beam is measured by detectors, calorimeters and trackers.
* The wpp < w(, so calorimeters see a different phase at each turn, measuring an oscillation

called Coherent Betatron Oscillation (CBO), given by w-pp = wc — Wpp
Detector

_________________ -
L I DR I R |
Cycle |Cycle |[Cycle [Cycle |Cycle anCBO = We — Wpp = wc(l . /_1 — Tl)

I 2 3 4 5
A NN cossiman

A\ Where T, ~ 0.149 ns andn ~ 0.108

CBO motion, as observed l?y the detector

radial position
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0

= The beam motion inside the ring AN

 What we observe by detectors is the spatial projection and many fill average of the

previous representation.

e Here what the tracker detectors see:

Time since injection: 5.0 us
80 100 30
- £20

e Two straw tubes trackers:

|IIII

[mm]

32 planes of drift tubes arranged in 8

modules, each module has 4 straw planes.

e The tubes are filled with a 50:50 mixture of

Argon and Ethane.

ol by b v o b Lo v v b v Laway
15 20 25 30 35 40 45 50
T T O ST Time [us]
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% Wq measurement

 The simplest function which describes the

Counts/149.2 ns

number of emitted positron from muon

decay (so called “wiggle plot”) is:

t
N(t)=Ny-e "™ - (1+A-cos(wy - t+ ¢))

lResiduals

* From the FFT of the fit’s residual shows many:

S

frequency peaks due to beam dynamics effects®

that are not modeled by the previous function.

[ M b M YA O P e A MU Ay ™ i VA AT A e Yo
0 0.5 1 1.5 2 25 3
Frequency [MHz]
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- Beam dynamics correction to w,: C,
Considering the extended expression of the spin precession frequency in a
magnetic field:

e - 1 - - y
a)_’:—aB—(a— ) XE)—a (—
a m[” Hooy2 1 (:B ) “\y +1
/ jé_), 11_'"'l""I""l""l""l""l""I""_l
> B
This term introduces a bias on w, that needs g . Zani B
5 T et i
to be corrected by Electric Field correction: o -
<x2> °'4; B
C, = 2n(1 — n)pB? R; is proportional to the :
0 0.2_— _
equilibrium radius distribution x,. Opsaresaneeed heasd]
-40 -30 -20 -10 O 10 20 30 40
Ce ~ 489 Ilp b Equilibrium Radius [mm]
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(y/
Many systematics come from effects that change the phase of the detected

positrons over time and introduce a bias on w,:

cos(wqt + @(t)) = cos(wat + ¢g + ¢t + ...)
\\ = cos((wg + @' )t + Pg + ...)

In general, anything that changes from early-to-late within each muon fill can
be a cause of systematic error, as:

 Beam distortion

* Muon losses

* Varying lifetime

 Rate dependent reconstruction
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A, Beam dynamics correction to w,: Cyq AN

* The measured g-2 phase of the muon is decay vertex position dependent.
* Itis obtained as weighted average of the phases measured by each (x,y) pair

position.

No(t) = Nooe "7 [1 + As cos(wat + )]

Ni(t) = Nore "7 [1 + Ay cos(wat + ¢1)]

N(t) = Ny(t) + No(t) = Nge /7 [1+ Ay cos(wyt + ¢5)]

No1 Ay sin(¢q) + NoaAg sin(gs)
No1 Ay cos(¢1) + NoaAs cos(¢o)

¢y, = arctan

40 -30 20 10 0 10 20 30 40

Decay X [mm]
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)

‘;5 Beam dynamics correction to w,,: Cpa

C,q: itis a Phase Acceptance effect. It is due to: E Fo
c 145F =

5 = AYrums :

1. Beam variation during the fill; £ af dt E

E 135 Yrms E

2. Phase measured as function of the decay g b E

o . 12.5;— ............ R ,,..".',‘.m".o,o4ﬂtuﬂfnﬂ,;ﬁﬂmﬂfwififf

position. 1) 2) £

0 50 700 150 200 250 300

d(p _ d YRMS d(p i Time fus)

R L L L L L L L L L L L L LB B LI BB

. — ° - — Phase
Aa)a — — : (a) N, Early Beam :
dt dt dYRMS Y A U Late Beam -

The effect was large in Runl due to broken resistors

Cpa ~ 180 ppb

We expect a reduction in Run2/3 (~50ppb/ ~20ppb) T,

Muon Weighted Phase [mrad]

Decay Y [mm]
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an Beam dynamics correction to w ,
w y a @
¢ These are the FESU|tS fOr the BD Correction Factor [ppb] Uncertainty [ppb]
w, (stat.) — 434
. wa (syst. - 56
corrections from Run-1, the phase ) - 2
Ce 489 53
. Cp 180 13
acceptance (C,,,) correction was one Cn u 5
| | gff,-b oy 8) M7, 97) - 56
q —17 92
of the topic | addressed during my PhD. & o 2
15 (34.7°C) /j1e [PCKT7] — 10
1c 1 1 1 1 m,/me [LAMPF-99; CD-2018 — 22
* Now analysis is ongoing to finalize the  7«/m [A0 | - :
Total Systematic — 157
: : Total Fundamental Factors — 25
Run-2/3 beam dynamics corrections, 9 cas -

stay tuned!

_____________________________________________________________________________________________________________________________________________________________|
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aﬂ systematic sources ‘

Many systematics come from effects that change the phase of the detected
positrons over time and introduce a bias on w,:

cos(wqt + @(t)) = cos(wat + ¢g + ¢t + ...)
\\ = cos((wg + @' )t + Pg + ...)

In general, anything that changes from early-to-late within each muon fill can
be a cause of systematic error, as:

 Beam distortion

* Muon losses

* Varying lifetime

 Rate dependent reconstruction
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e 1 1 . u
- Beam dynamics correction to w,: C, N

Considering the extended expression of the spin precession frequency
in @ magnetic field:

7 [0~ (1= 57) () (29) 8- ]

C,: the pitch correction C), =

C, ~ 200 ppb

n < A5 >/4R§ depends on

amplitude vertical oscillation
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w Beam dynamics correction to w,: C;,, :

oty
? . . ) o g-2
Cm: describes the motion introduced on w, phase due  #o/dp = (=100 1.6)mrad/(%Ap/po)
to the loss of muon during the fill. It's explained by: o E
1. Muons with different momentum have different % Z: :
phase; ‘102_ + E::Fit —;
. -15 [ Simulation [68% CL] —
2. The number of loss muon change as function of

15 1 05 0 0.5 1 15
Ap/p, [%]

momentum. 1) 2) R R AR LR R MALSE RESC
A dp do dp % oot -

w, = — = . 0.002E

©odt  dp dt

0.000F

-0.001 ;

2
0.002F Run-1a Run-1c 3
Im < pp TE . Run-b Run-1d
T T T T T [N T T T [N TN T T [N T T Y T A T T SN A S T N W

-0.003
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Time since injection: 5.0 us

80
E L
E L
90
2 T
8 L -
640__ g |
,9 ,344 385 451 ‘::
% - - N»s:u?!.m gt
>20_ . 4-57.eh d'e.u.: o ol

_'“ ..'. - LIS 129 @7 97 P e g, ==

A

0_ pognidg @ .J'F.a-

- . 1::1.-1 ?-.1.?2-{1'-

L :--Lﬁ o 8
20— Vo
wb .
_60—
_80_|||||l||||l|'|||||||||||||||||||

-80 -60 -40 -20 20 40 60 80

06/07/23

Radial Position [mm]

Phase [mrad]

Early Times

Phase acceptance: Beam Motion Effects

VERTICAL WIDTH VARIATION

Phase [mrad]

Beam
40 30 20 -10 0 10 20 30 40
Decay Y [mm]

Phase [mrad]

Late Times

Lost both of
these bins

40 30 20 10 0 10

RADIAL MEAN VARIATION

Early Times

Beam

240 30 20 -10

10
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Decay X [mm
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Decay Y [mm]

40 30 20 10 0 10




MuZ2e at Fermilab A

Searching for the neutrinoless conversion of u — e in the

presence of anucleus: u~ + N —-e” + N
[(u~ +N(ZA) > et +N(ZA)) _17
R, .= < 6X107/(90% CL)

r (u‘ +N(Z,A) > v, + N(Z - 1,A))

Signal, E, = 104.9 MeV is unambiguous sign of new physics

Practically forbidden in SM (~10-54)

Liverpool contribution: Stopping Target Monitor (STM)

Measure number of stopped muons (denominator) to 10%
Muon stopped in Al target cause 3 characteristic y emissions:
« 347 keV from 2p—>1s (prompt)
« 1809 keV from nuclear capture (864 ns)
« 844 keV from decay of metastable 2®Mg* capture product, 9.5 min

High-purity Germanium (HPGe) detector (Liverpool) : high
resolution (1-2 keV) for determination of closely spaced
transitions

LaBr detector : high rate capability

HPGe tested at Liverpool and in test beam @ ELBE
Currently being installed at FNAL

g-2 omega_p measurement and Mu2e - Saskia Charity (Particle Physics Annual Meeting Liverpool)
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https://indico.ph.liv.ac.uk/event/1246/contributions/6561/attachments/2826/3865/LiverpoolChristmasMeeting2023.pptx

Py Mu3e Liverpool Group

(f
* The Liverpool group is responsible for the

construction of the outer layers of the pixel
detector, together with Oxford, assembling

the outer modules of the pixel detector.

 The group is also working on software and

analysis studies to characterise the track

and vertex reconstruction efficiency.

* FOR MORE INFO:

* https://www.physi.uni-heidelberg.de/Forschung/he/mu3e/

e https://www.psi.ch/en/mu3e/

From Mu3e - Andrea Loreti (Particle Physics Annual Meeting Liverpool)
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https://www.physi.uni-heidelberg.de/Forschung/he/mu3e/
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https://indico.ph.liv.ac.uk/event/1246/contributions/6560/attachments/2820/3858/Mu3eExperiment_Liv2023.pdf

