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The Muon g-2 anomaly

e Positive value and a 4.2 o (Fermilab + Brookhaven)
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The Era of Anomalies

May 14, 2020 - Physics 13,79

Particle physicists are faced with a growing list of “anomalies”—experimental results that conflict with the
standard model but fail to overturn it for lack of sufficient evidence.




The (pseudo)scalar answer to g-2

* The (pseudo)scalar Yukawa coupling to lepton
Lo =B (8 +ig1s) €

* The 1-loop contribution to g-2

ra = Jl o (A =02+ 98k — (1= )g7)

2 2
o= Jo (1 —x)2+x (mgb/mf)

e For scalar, Aa, > 0 oo’

e For (psudo)scalar, Aa, < 0



The pseudo-scalar solution

e Further requiring photon coupling

L
Z = Zgany I+ lyawawySW . /

* The 1-loop BZ contribution

my A

BZ o
Adbﬂ ~ A2 gayyyaf lOg m, /

e ASsumes 8ayy remains essentially constant throughout the integration
over virtual photon-loop momentum

* 8ayy and y ., can adjust its sign to give positive result
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A complete calculation for axion-like particle

* The axion-like particle Lagrangian )

Cff oMa - g2 a . .~ . g2 a ~ (1) C%w
Loy = 2 f }’ﬂ}’sf + 1672 CWW_W/ZADW'MV,Z | Cpp—B,,B" Aau X
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The 3rd diagram subtlety: Bauer et al, 1708.00443 (JHEP) ~--

* Previously, calculate Barr-Zee diagram for on-shell ALP and photon and use

the result of 2nd diagram Ag® o _ Cerlrr® (2)
H 1673
* Recently, calculate off-shell ALP and photon Buen-Abad et al, 2104.03267 (JHEP) y
d
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A complete calculation for axion-like particle
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A complete calculation for axion-like particle

* [he axion-like particle Lagrangian

Ce g _ aC aC C
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e Assume only coupling to Muon
and Photon

e [n g-2 solution region, mostly
decaytoa — u u~

e The inclusion of Z diagram makes

some difference for large m,

e EXotic Z decay should happen
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Muon g-2 solution and ALP decay BR
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Muon g-2 solution and ALP decay BR

e The BR(a — yy,Z — ya) needs to consider 1-loop contribution from fermion loop

a2(mz)m% 2 m?2 ]
[(Z = ya) = 967352 2 f2 ( mzz) |

[(a—pp) = 87rf2 \CM \/ mz’

e
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The relevant search at Z-factory (CEPC/FCC-ee)

e TheexoticZdecay:Z > a+yandZ—>a+u"+u"

Branching z—ya,ma=5GeV Branching z—ya,ma=50GeV
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The relevant search at Z-factory (CEPC/FCC-ee)

e TheexoticZdecay:Z > a+yandZ—>a+u"+u"

Branching z—auu,ma=5GeV Branching z—auu,ma=50GeV
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ALP a — uu branching ratio and effects
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The existing constraints for ALP

e Constraining a-y coupling only:

° Be”e—”, LEP: e | e —ay — (}/y)y

e LHC: pp — ay — (yy)y A
>
e Constraining a-u coupling only: Ui

e BaBar:recaste e” — u u=7Z

108, 5o e

o BEOVCERC)

+ CMS(Ap): pp — p*p~¢

e Constraining both coupling

e CMS(7t + 2u): pp — Tth — TH(uTu")
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The relevant search at Z- factory (CWW = ())

e The exotic Zdecay /= a+y 1°; N7 105
and Z — a + /4 +u B |
— 10°% 103}
e With ALP decay:a — u"pu~ S
<A
 Relevant SM background: utu~ ﬂqngé 102
and 4u I
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e SM bkg: ™1~y dominated by soft y
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The relevant search at Z-factory (Cyyw = 0)

» Marginalize one coupling C,, or C,,

Preliminary results
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The relevant search at Z-factory (Cyw # 0)

o 4 parameters: m,, C, , Cgp, Cyyyy

o Z-factory a — u™u~ search is sensitive to light ALP

e /-factory a — yy search will be sensitive to heavy ALP (in progress)
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Summary

e Muon g-2 experiments show 4.2¢ discrepancy with SM

e ALP can provide a solution with couplings C,,, and Cw

e In UV model, C,, comes from Cy,y, and Cgp, leads to €,

e At Z-factory, it leads to exotic Z decay:
o Z > ay,au u"

e Future Z factory can provide sensitivity covers most of the g-2 region
form, < m,

Thank you.’
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Backup slides

e Special functions
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