&4 UNIVERSITY OF

¢J LIVERPOOL

The g-2/EDM experiment
@J-PARC

Graziano Venanzoni
Liverpool, HEP Annual Meeting, 23/5/2025

LEVERHYULEME
TRUST




&4 UNIVERSITY OF

¢J LIVERPOOL

Status of the Muon g-2
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Waiting for the new Muon g-2 result

G. Venanzoni - g-2/EDM@J-PARC Liverpool PPAM - 25/5/2025

Quite confused situation:

WP20 SM prediction (blue band, HVP
based on e*e  data) in significant
tension (> 55) with Fermilab (FNAL)
muon g-2 experimental result;

New (precise) lattice prediction for HVP
(BMW20-24) in significant tension with
wp20 and much closerto FNAL
experimental result

New result from CMD3 (e+e-) in
significant tension with old e+e- data
(used for WP20), and in agreement with
BMW20-24

Test of HVP in progress from e+e- data,
lattice, tau and more in future from
MUonE

In parallel to this clarifications...cross
check of the experimental result with a

new method?
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LIVERPOOL g-2/EDM experiment at JPARC

J-PARC MLF

Prog. Theor. Exp. Phys. 2019, 053C02

Constructed in2021

Features:

* Low emittance muon beam (1/1000)
* No strong focusing (1/1000) & good injection eff. (x10)
« Compact storage ring (1/20)

* Tracking detector with large acceptance
* Completely different from BNL/FNAL method ’



Japan Proton Accelerator
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o 1 virpool., What makes them different? P .
(aﬂ B yzl_l) ﬁ_) X E] b r
JPARC muon g-2/EDM experiment X 47

Muon beam

spin ()
momentum ()

[

3.73 m

Y.Ll
Wq =— |a,B g x/é
* No electric field (E=0
* Electric focusing (vertical confinement) e 300 MeV/lc rrl10me(ntun)1
. Magic.mon.lentum v=29.3 (p =3.1 GeV/c) + 0.66 m ring diameter (B =3 T)
* 15 m ring diameter (B= 1. 45T) Different systematics

: , -Simultaneous measurement of g-2/EDM
a, can be extracted by precisely measuring B and o.
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emittance

pion decay - Stronglfocusmg
production Muon loss
BG it contamination

0,/P~0.2%
(~1% before entering the ring)




E&4 UNIVERSITY OF

¢J LIVERPOOL

Muon beam at J-PARC
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* Surface u*
« Stopin (laser ablated surface) Aerogel

* Diffuse Muonium (u*e’) atoms into vacuum

 |lonize
e 1S - 2P->unbound
e MaxPolarization 50%

e Accelerate

 Efield, RFQ, linear structures
* p=210MeV/c

Laser

Proton beam
(3 GeV, IMW, 25 Hz) u
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Graphlte & (28 MeV/c) Mu production
target
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Production of thermal energy
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P. Bakule et al., PTEP 103C0 (2013)

G. Beer etal., PTEP 021C01(2044) |
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Re-accelerated thermal muon

surface muon thermal muon accelerated muon
E 3.4 MeV 30 meV 212 MeV
D 27 MeV/c 2.3 keV/c 300 MeV/c
Ap/p 0.05 0.4 Ax104
Mu_
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e
H-line Mu production Electrodes(Soa) LINAC
target

lonization Laser
(122 nm, 355 nm)
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Acceleration from
termal energyto
100 keV by RF
system

Muon cooling demonstration (2024
J-PARC S2 area

. Laser ablated silica aerogel

4 —
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http://arxiv.org/abs/2410.11367v1
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Muon cooling demonstration
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[ IVERPOOL Muon linac (E, =5.6 keV = 212 MeV)

* Muon acceleration to 212 MeV by dedicated muon LINAC.
* 4 steps acceleration depending on . L = 40 m 1n total.

Low B (0.01—0.3 Middle p (0.3—0.7) _High B (0.7—0.94
oW P ( 3) - e B ( ;(UB( 9

thermal muons RFQ IH-DTL DAW-CCL DLS
-Soa Iens (Radio Frequency Quadrupole Inkerdigital H-made drift tsbe linag Désk and Washer CCLI Disk Londed TW structur e
324 MHz 1296 MHz
A 1|
®0® @ ® ~ff | @
W
5.6 keV 0.3 MeV 40 MeV 212 MeV
L=32m 14m 16 m (15 modules) 10 m (4 structure)
e - - ———— - - - - - -
Ready Ready: Acceleration Ready for production Ready for production except

test in 2026/2027 except for bridge coupler for pulse compressor
Washer 1,2 (x2)
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Muon storage magnet

3D spiral injection scheme is
adopted for muon mjection into
the storage magnet.

Injection radial magnetic field
decreases pitch angle from 440
mrad (injection) to 40 mrad (after
the first three turns)

A kicker radial pulse (kicker coils
inside the solenoid) reduces the
pitch angle to ~0

Main (axial) field in the storage
region T=3 T
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Superconducting solenoid
» cylindrical iron poles and yoke
» vertical B = 3 Tesla, <1ppm locally

» storage regionr=33.3+1.5¢cm, h=
+5cm

» tracking detector vanes inside
storage region

» storage maintained by static weak
focusing

> n=15x 10" rBJ(z) = -n zB,(r) in
storage region

t[l‘rl-]l

LRI N

T
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Injection region
(0.4<z<1.1m)
Kicker field

(|z]| < 40cm)

] storage region

% (|z] <5cm; r=33.3+-0.15cm)

Muon beam

Fig. 8 Overview of the muon storage magnet
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LIVERPOOL — Positron tracking detector

Test with prototype boards

40 modules (vanes) each
200mm (90-290 mm,

radial) x 400mm (axial)

Each vane consists of 16

Si sensors (10x 10 cm?,

320 um thickness). +
Two-dimensional hit II
position is reconstructed
from orthogonally

arranged silicon strip

sensor (512 strips with

190 um pitch)

Readout ASIC w/ 5nsec
sampling rate.

g

IEEE, TNS 67, 2089 (2020)
JINST 15 P04027 (2020) 200<p,<275 MeV/c
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Comparison of g-2 experiments

Prog. Theor. Exp. Phys. 2019, 053C02 (2019)

BNL-E821 Fermilab-E989 Our experiment
Muon momentum 3.09 GeV/c 300 MeV/e
Lorentz y 29.3 t,~64.4us 3 t,=6.6us
Polarization 100% 50%
Storage field B=145T B=30T
Focusing field Electric quadrupole Very weak magnetic
Cyclotron period 149 ns 7.4 ns
Spin precession period 437 us 2.11 s
Number of detected e™ 5.0x 10’ 1.6x10" 5.7 x 10"
Number of detected e~ 3.6x10° - -
a, precision (stat.) 460 ppb 100 ppb 450 ppb
(syst.) 280 ppb 100 ppb <70 ppb
EDM precision (stat.) 0.2 x 107" ¢ cm — 1.5x 107% e.cm
(syst.) 09 x 107" e.cm — 036 x 102 e-cm
Completed Running In preparation
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Expected uncertainties

Estimation
Total number of muons in the storage magnet | 5.2 x 1012
Total number of positrons 0.57 x 10'2
Effective analyzing power 0.42
Statistical uncertainty on w, |ppb] 450
Statistical uncertainty on wy, ppb] 100
Uuncertainties on a, [ppb] 460 (stat.)

< 70 (syst.)
Uncertainties on EDM [1072! e-cm] 1.4 (stat.)

0.36 (syst.)

Prog. Theor. Exp. Phys. 2019, 053C02 (2019)
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Possibility to go beyond 450 ppb for a, uncertainty

1. Increase in muon polarization using a laser beam (50% —=27?) Zf:sénTtZrt‘fofy

2. More efficient muonium production target (3.4x103 > ?)
3. Increase the momentum (=2 600 MeV/c?) and magnetic field (2

617)
owg 1 2
w, a)ayTP\J NA?

These are preliminary investigations

19
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Courtesy of C. Zhang

New ideas

Multi-layer target for Muonium production

V44V v,
@ E
N @
@ ~
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@ @
Sili
aerolgceal .
target i

7mm

Current design (single-layer]

« Low Mu emission efficiency (0.0034):
> Muon stopping (0.418)
*» Vacuum emission (0.060)
» Laser spatial constraint (0.269)

%=

-
X
-
z

Silica
aerogel
targets

s
X
3
Laser 4
Novel multi-layer target design

® Multi-layer targets stop incident muon
¢ Mu emits from upper and lower surfaces

New ideas

Multi-layer target for Muonium production

» Another version uses multi-layers facing the incident beam, resulting in a higher yield;
* The extraction is turned 90 degrees, making construction more challenging.

=

Aerogel

Laser Laser Laser

# in the laser region

Simulation predicted even higher yields
(4 times if 4 layers — 8 times at max)

47
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 Adding a C-band accelerator (45 MV/m, compared to 20 MV/m
in S-band) is a natural choice for this option.

| . Design muon-dedicated C-band accelerator.

2. Update the upstream design to accommodate the smaller
acceptance of the C-band accelerator. One possible approach is
to use a compact system with higher energy (40 + X MeV).

Current design

IOm ~ 162/20MV x |.2 (for @-magnet) 2m

2 >

40 MeV/ 212 Mevr
2 ~DAW ]—{ S-band '—-—-Spc're
space

One possibility

12 m ~ 460-X/45MV x |.2

] 404X MeV ( 500 MeV
- > - un
8 DAW J L C-band ]_‘
9}9

Ongoing discussion
with Carsten Welsh
on RF cavities

21
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Interest in the Muon g-2/EDM experiment at J-PARC

* Important (independent) crosscheck of the Fermilab result
(especially at similar accuracy)

* Possible contribution(s):
* Laser for muon polarization (see J. Tinsley presentation)
* Beam dynamics simulation
* Detector
* Magnetic field measurement
* Higher precision/energy (600 MeV/c) option

* Synergy with muon activities in Liverpool (MUonE, muEDM, etc...)
* Common grants (e.g. UKRI - JST Funding application)

22



LIVERPOOL Liverpool group interested to g-2/EDM@J-PARC

* Themis Bowcock (staff)
* Thomas Teuber (staff)

* Joost Vossebeld (staff)

* Graziano Venanzoni (staff)
* Jonathan Tinsley (staff)
Saskia Charity (staff)
Fedor Ignatov (staff)

Elia Bottalico (PDRA)
Riccardo Pilato (PDRA)
Estifa’a Zaid (PDRA)
Cedric Zhang (PDRA)
Lorenzo Cotrozzi (PDRA)

23
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THANKS!
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Interest in the Muon g-2/EDM experiment @JPARC

* The Liverpool group has significantly contributed to the Muon g-2
experiment in Fermilab:

* One ofthe largest group in the g-2 collaboration

* Built straw tracking detectors to measure the muon beam - crucial to reach uncertainty goal

* Leadershipinseveral areas including: magnetic field, beam dynamics, EDM; spin precession.
Spokesperson, analysis coordinators, run coordinators, committee membership

* Deeplyinvolvedin g-2 analysis and first EDM result

* The group is also involved in clarifying/improving the muon g-2
theoretical prediction through MUonE experiment at CERN and
analysis of KLOE data. Strong connection with (Liverpool) theory group

* Involvement also on yEDM experiment at PSI

25
G. Venanzoni - g-2/EDM@J-PARC CB - 19/3/2025
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* A>20years common activity on the evaluation of the Muon g-2 @ ) 0) @ o)
* Development of theoretical tools (MC, RC) for interpretation of data ﬂ Dy BN S /’/\‘\
. . . (@ ) TE)

* Participation to common Working Groups ﬁ@ ﬁ @@,F
Vi@ VI(b)
Radiative corrections and Monte Carlo tools for ij..m E i wi = E ! g_\

Physics Reports

Volume 887, 3 December 2020, Pages 1-166

The anomalous magnetic moment of the
muon in the Standard Model

T. Aoyama 1,2,3 N. Asmussen 4, M. Benayoun 5,]. Bijnens 6 T.Blum7” S, M. Bruno 9, I. Caprini 10, C.M.
Carloni Calame 1, M. C& % 12 13 G. Colangelo 1* &, F. Curciarello 116, H. Czyz 17, 1. Danilkin 12, M.
Davier '8 &, C.T.H. Davies ¥, M. Della Morte %, S.1I. Eidelman 21+ 22 & AX. El-Khadra 2 242 . AS.
Zhevlakov 78

Show more

Review | Published: 23 February 2010

Quest for precision in hadronic cross sections at low
energy: Monte Carlo tools vs. experimental data

Working Group on Radiative Corrections and Monte Carlo Generators for Low Energies, S. Actis, A.

Arbuzov, G. Balossini, P. Beltrame, C. Bignamini, R. Bonciani, C. M. Carloni Calame, V. Cherepanov, M.

Czakon, H. Czyz &, A. Denig, S. Eidelman, G. V. Fedotovich, A. Ferroglia, J. Gluza, A. Grzelifiska, M.
C.Z. Yuan

Gunia, A. Hafner, F. Ignatov, S. Jadach, F. Jegerlehner, A. Kalinowski, W. Kluge, ...
+ Show authors

The European Physical Journal C 66, 585-686 (2010) | Cite this article

dec 2024

low-energy hadronic cross sections in e*e™ collisions

RadioMonteCarLow 2 Working Group: Riccardo Aliberti® !, Paolo Beltrame ® 2,
Ettore Budassi ®*4, Carlo M. Carloni Calame ®4, Gilberto Colangelo® %, Lorenzo Cotrozzi ®2,
Achim Denig® !, Anna Driutti® %7 Tim Engel®®, Lois Flower ®29, Andrea Gurgone ® 367,
Martin Hoferichter ® 5, Fedor Ignatov®2, Sophie Kollatzsch ® %11 Bastian Kubis ® 12,

Andrzej Kupéé¢ @ 13147 11,10,

The RadioMonteCarlow 2 Effort

Riccardo Aliberti ' Paolo Beltrame (©' 2 Ettore Budassi © 34

, Fabian Lange Alberto Lusiani ® %7, Stefan E. Miiller ® 16, Carlo M. Carloni Calame 4 Gilberto Colangelo 5 Lorenzo Cotrozzi © 2

Jérémy l"ul_tri_niori 52, Pau Petit Rosas®2, Fulvio Piccinini ®*, Alan Price ® 17, ~ Achim Denig ¥ ' Anna Driutti © %7 Tim Engel /8 Lois Flower © 29
Lorenzo Punzi® 7% Marco Rocco® 1918 Olga Shekhovtsova ® 1920 Andrzej Siédmok ® 17 Andrea Gurgone (346 Martin Hoferichter 5 Fedor Ignatov © 2
Adrian Signer ® 1011 Giovanni Stagnitto ® 2!, Peter Stoffer ® 111, Thomas ubner®2, Sophie Kollatzsch (7 1011 Bastian Kubis ' > Andrzej Kupé¢ ' 13:14  Fabian Lange (110

2, Francesco P. Ucci «'5 4. Yannick Ulrich
o s 27,
Graziano Venanzoni® ="

https://arxiv.org/pdf/2410.22882
Submitted to SciPost

William J. Torres Bobadilla , and Alberto Lusiani 7 157 Stefan E. Miiller © 1 Jérémy Paltrinieri 2 Pau Petit Rosas © 2
Fulvio Piccinini /4 Alan Price 7 Lorenzo Punzi ) 7:15 Marco Roceo () 10,18,19
Olga Shekhovtsova (- 20,21 Andrze_] Si6dmok 17 Adrian Signer = 10: 11

Giovanni Stagnitto - 22 Peter Stoffer ©/ 1® ' Thomas Teubner ' 2

William J. Torres Bobadilla 2 Francesco P. Ucci © 34 Yannick Ulrich © %5

Graziano Venanzoni = 27

https://radiomontecarlow?2.gitlab.io

Physics Letters B

Volume 848, January 2024, 138344

ELSEVIER
Muon g-2 Theory Initiative

AHOUT WHITEPAPER WORKSHOPS NEWS.

Letter

An alternative evaluation of the leading-
order hadronic contribution to the
muon g - 2 with MUonE

/\ & n,
N S¢S 2

Fedor Ignatov ® i, Riccardo Nunzio Pilato ® &, Thomas Teubner ¢ =,

Graziano Venanzoni °b 0 =z


https://arxiv.org/pdf/2410.22882
https://radiomontecarlow2.gitlab.io/
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* Eliminate electric focusing removes fx E term

Do need ~zero P; to store muons
> Not constrained to run at the “magic momentum”
* Create “ultra-cold” muon source; accelerate, and inject into compact storage ring.

* Consequences are quite interesting ...
* Smaller magnet; intrinsically more uniform

* Aimfor BNL level precision as an important check
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