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Experimental status

e April 7¢* 2021: Muon g — 2 experiment at FNAL confirms BNL!
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* FNAL aims at 16 x 10~'". First 4 runs completed, 5th in progress.
® Muon g — 2 proposal at J-PARC: Phase-1 with similar BNL precision.
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“Old muon g-2 puzzle”

* Statusof a, = 2— 2 as of April 7" 2021 (with a™ based on a’l,)

an*’ = 116592061 (41) x 107" [anL + FrAL]
M — 116591810(43) x 10~ (wrzo)

Aa, = a*F —as™ = a)® =251(59) x 107" (4.20 discrepancy!)

(01)qep, (Mew, (18)uLbL, (40)mve, (41)535XP-

(43)TH

» Hadronic uncertainties (HLbL & HVP) are very hard to improve.
> 5aBXP ~ 16x 10" by the E989 Muon g—2 exp. in a few years.

* Low-energy determinations of Aa,, assume that systematic and hadronic
uncertainties are under control at the outstanding level of Aa,, < 10~°!
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“Old muon g-2 puzzle”

New Physics for the muon g — 2: at which scale?

* Aa, discrepancy at ~ 4.2 o level:

Aa, =a " —a™ = a\" = (2.51 £ 0.59) x 10°
2
— ~ SM ~ ~ —9
Aa, = a," ~ (3, )weak ~ 167r7:|/2 ~2x10
> NP is at the weak scale (A ~ v) and weakly coupled to SM particles.*

> NP is very light (A < 1 GeV) and feebly coupled to SM particles.
> NP is very heavy (A > v) and strongly coupled to SM particles.

*Favoured by the hierarchy problem and by a WIMP DM candidate but disfavoured
by the LEP and LHC bounds (supersymmetry being the most prominent example).
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HLO contribution from ete~ — hadrons

¢ dominated by e*e™ — ztx™ channel (70% of the full hadronic) frarons
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HLO contribution from lattice QCD

¢ Great progress also in lattice QCD, where spacetime is modeled as a discrete
grid of points. The BMW collaboration reached a 0.8% precision!

ayHLo = 7075(23)stat(50)syst [55]tot X 10-11 i

¢ 2-2.50 tension with the “data-driven” evaluations.
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“New muon g-2 puzzle”

(@™Pypxp = afXF — gMorest etem BMW  EXP arr
1 1 3
(a;{VP)ZZ};_ZO = 6931(40) x 101 L} ' 4 Ly A}
<+—1.66 —
(@1VP)gpy = 7075(55) x 10711 420

“new puzzle”: if BMW is correct, the “old” g-2 discrepancy (4.20) would be basically gone

== however, this brings in a new tension with e*e™ data (2.20)

Here, NP in 6;,4(¢e*e™ — hadrons) such that [LDL, Masiero, Paradisi, Passera 2112.08312]

L (@,"DN2 ~ (@, exe
2. the approximate agreement between BMW and EXP is not spoiled

3. w/o a direct contribution a)* (i.e. NP not in muons)
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Consequences of the BMW result

e Can Aa, be due to missing contributions in o(e*e~ — had)?

> An upward shift of o(s) also induces an increase of Aafa)d(Mz) defined by:

«
1 — Aa(Mz) — 80 (Mz) — Acvop(Mz)

a(Mz) =

2 [e°s) 2 oo
HLO |, My a(s) & _ M o(s)
T . 4m2"d3 s 0 D% = g dsMQ—s

Im a(efe™ = v* — hadrons)

* Achangein o(ete~ — had) is strongly disfavoured by:

> EW-fit for \/§ 2 1 GeV [Marciano, Passera, Sirlin, ‘08, Keshavarzi, Marciano, Passera, Sirlin, '20,
Crivellin, Hoferichter, Manzari, Montull, '20]. A shift of o(eTe™ — had) to accomodate the
Aa,, anomaly would necessarely require new physics to show up in the EW-fit!

* A check of the BMW results by other lattice QCD (LQCD) coll. is worth.

* LQCD coll. should provide Aar-SCP to be compared with Aag.S .
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Light New Physics in ohad

¢ Light new physics inducing a sub-GeV modification of onaq is the only possibility

e+>wﬁ ’
e/ NP\ o

I.NP coupled only to electrons == severe bounds  [See however

Darmé, Grilli di Cortona, Nardi 2112.09139
€+>WNN%‘V: ) e+>Wv:f’/ W
e Cvam e Ne®

NP in Bhabha scattering ? = backup slides]
2. NP coupled only to hadrons

+

FSR effects due to NP should be included into oy,4(s), not easy to be accounted for. ..
(depend on exp. cuts and mass of NP)

- however, we know that in the QED case

@R v 50x 101 1@ mw — @ DR ~ 1501071
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Light New Physics in ohaa

Py

3. NP coupled both to hadrons and electrons

a [® ds L[
- K(s)Im Iyp4(s) = — [ ds K(5)0paa(s) Ohad = Opag + Mg
m m l

HVP; —
(aﬂ ete- = 2
+ - HVP
ete BMW EXP a NP
._—.—-_....—-.—.....—..} " Cpad — Ady,g

I 3 3
+ »
+—1.60 — should be “subtracted” by NP,
since NP does not contribute to HVP at the LO
(but it contributes at the LO to the x-section)

= a positive sift on (alfIV P)gse- requires Acpty < 0 (negative interference)
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A new light Z’ vector boson

* Requirements:

sub-GeV mediator
I, 6y,q Mmodified at /s $1GeV (mostly 7tz channel)

2. A sizeable negative interference with the SM
couples to u, d quarks (and electrons)

couples via a vector current
tree-level mediator

= a light spin-| mediator with vector couplings to first generation SM fermions

Lz D (gv erte+ gy v'9)Z, ¢=u,d mz S 1 GeV

* [t can be shown that (neglecting iso-spin breaking corrections due to NP)

2

SM+NP e (U d
o |y v ey —av) s
J,srl;f e? S—m2zl +imz«1‘z«
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A new light Z’ vector boson
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At least two independent bounds prevent to solve the “new muon g-2 puzzie”!
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MUonE: a new determination of Aapag

MUonE: Muon-electron scattering @ CERN

® Adnad(t) can be measured via the elastic scattering ue — pe.

e We propose to scatter a 150 GeV muon beam, available at CERN’s
North Area, on a fixed electron target (Beryllium). Modular
apparatus: each station has one layer of Beryllium (target) followed
by several thin Silicon strip detectors.

Si Si Si
b II L] |H| ..........
I
Be

Abbiendi, Carloni Calame, Marconi, Matteuzzi, Montagna,
Nicrosini, MP, Piccinini, Tenchini, Trentadue, Venanzoni
EPJC 2017 - arXiv:1609.08987

[Courtesy by M. Passera]

e Letter of Intent submitted to CERN SPSC in 2019: Test run approved for 2022
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MUonE: a new determination of Aoy aq

Hadrons

e The leading hadronic contribution a H° computed via
the timelike formula:

473 dSK(S) Ugad(s)

2
4m2

3 1 x2(17;1;)
K(s) _/0 dx 22+ (1—x) (s/m2)

e Alternatively, simply exchanging the x and s integrations:

1
aELo _ %/ dz (1 — ) Aapaalt(z))
0
t Hadrons
x2m2
t = P <0
(z) z—1

Lautrup, Peterman, de Rafael, 1972
Adnad(t) is the hadronic contribution to the running of ain the
spacelike region: a HLO can be extracted from scattering data!

® The extraction of Aanag is not contaminated by NP! (vzsicro, PR Passera, 2020)
Paride Paradisi (University of Padova and INFN)
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Outlook

® Fermilab’s Muon g-2 experiment confirms BNL's result

* The BMWCc lattice result weakens the exp-SM discrepancy, but brings in a tension with e*e™ data

By “new muon g-2 puzzle”

ete™ BMW EXP a}j‘“’
1 I I3
) ¥ Ll ) }
<—1.66 =

+—— 420 ——>

* Here, we considered the possibility this is due to NP (not in muons) that modifies 6,4

=B  excluded by a number of exp. constraints

. . . 2 [Darmé, Grilli di Cortona, Nardi 2112.09139
other ways in which NP can address this puzzle ? =i NP in Bhabha scattering ? — backup slides]

¢ Alternative confirmations of HVP contributions will be crucial (lattice, MUonE, ...)
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