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What’s the motivation for this analysis?
Theoretical analysis of the doubly radiative decays
n.n' — x'yy and 7' = nyy

Decay Couplings Chiral loop LeM VMD ) BR, BR, [14]

. Empirical  1.87x 1073 5.0x10™*  0.16(1)  0.18(1)  1.35(8) x 10~
=2 @) Model-based 187 x 103 5.0 x 10 0.16(1)  0.17(1)  1.30(1) x 10~
Empirical 1.1x10™* 13x10* 0.57(3)  0.57(3) 291(21) x 1073
Model-based 1.1 x10™* 13x10™  0.70(4) 0.70(4)  3.57(25) x 1073
/ Empirical 1.4 x 102 3.29 212(1.2) 23.0(1.2)  1.17(8) x 10~
=y (€V)  odelbased 1.4 x 10-2 3.29 19.1(1.0)  20.9(1.0)  1.07(7) x 10~

2.56(22) x 10~
7 — n'yy (keV) 3.20(7)(23) x 1073

8.25(3.41)(0.72) x 1073

R. Escribano, S. Gonzalez-Solis, R. Jora and E. Royo, Phys. Rev. D 102 (2020) 034026
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What’s a leptophobic U(1) B boson?

It Is a new gauge boson coupled to the baryon number

1

L = gggéy”‘qBﬂ ap = g3/ (4n)

The low-energy symmetries of QCD are preserved
C and P are conserved
B does not transform under SU(3) flavour symmetry

B is a singlet under isospin

= [G(JPC) =07(17") = B is w meson like!



What’s a leptophobic U(1) B boson?

B is hot completely decoupled from leptons
Lo = : Gy"qB £y"¢B
* int — §93‘|—8Qq€ qy " qb, — ety 7

with a “natural”-sized ¢ = egy/(47)? induced radiatively




What’s the motivation for a U(1) B boson?

¢ The baryon number symmetry may be related to
dark matter (it is stabilised since it carries a
conserved baryon number charge)

e Natural framework for the Peccei-Quinn solution to
the strong CP problem



How are hadronic processes calculated?

Using the hidden local symmetry (HLS) for VMD

G G = :
Lyvp = ﬁg,uvaﬁu, [aquaaVﬁP} with 47?5](
— ﬂ‘

P is the pseudoscalar meson nonet

V is the vector meson nonet
(gauge bosons of a hidden U(3)y symmetry)

In conventional VMD:

Ly = —degfrAttr [QV,)]

1
Lyp = —4§838f7%3“tf \4d



How are hadronic processes calculated?
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Previous estimates

Assuming the Narrow Width ~ "E7 . / N7 7/ T s
Approximation (NWA): 0.1F Y(19-had |\

BR — #7) = BRy — By) xBRB — %) 9%

103
and :
£ 104
105}
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107} L
and -. , B $=eg3/(47r)2
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S. Tulin, Phys. Rev. D 89 (2014) 114008



Present estimates from this analysis

Assuming the NWA o \/n, .
i (BESIII) (BESIII) ]

and QCD contribution off

5
and

! - )
BR# — 7’ry) < BRy, at 20 g o 0

and including the mp [GeV]

latest experimental BRs

R. Escribano, S. Gonzalez-Solis and E. Royo, arXiv: 2207.14263 [hep-ph]



However, a lot more can be done nowadays!

Using the new BR value and spectrum from KLOE for

0 B. Cao [KLOE-2], PoS EPS-HEP2021 (2022) 409
n— alyy 2o | ! (2022)
E. Perez del Rio, CD21

Using the recent BR value and spectrum from BESIII for

/ N
}7 —_ ]Z'O}/}/ M. Ablikim et. al. [BESIII], Phys. Rev. D 96 (2017) 012005

Using the recent BR value from BESIII for

/
1]’ — NYY  M.Ablikim et. al. [BESII], Phys. Rev. D 100 (2019) 052015



How are these processes calculated?
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How are these processes calculated?

B boson width:

I ete (1 I #0 (t) | t
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New exclusion plots

Not assuming the NWA —
and QCD contribution on

and

BRy — 7'y) < BR.x, at 20

mpg [GGV]
BR(PDG)= (2.56 +0.22) x 10~ P. A. Zyla et. Al. [PDG], PTEP 2020 (2020) 093C01

BR(KLOE)= (1.23 +£0.14) X 10™*  B. Cao [KLOE-2], PoS EPS-HEP2021 (2022) 409

R. Escribano, S. Gonzalez-Solis and E. Royo, arXiv: 2207.14263 [hep-ph]



New exclusion plots
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BR(BESIIE (3.20 + 0.07 £ 0.23) x 1073 BR(BESIIB: (8.25 +3.41 £0.72) x 1073

M. Ablikim et. al. [BESIII], Phys. Rev. D 96 (2017) 012005 M. Ablikim et. al. [BESIII], Phys. Rev. D 100 (2019) 052015

R. Escribano, S. Gonzalez-Solis and E. Royo, arXiv: 2207.14263 [hep-ph]



Are peaks in the " %% mass distribution
seen?

| 1 VMD + LoM prediction
1111 VMD + LoM + B boson (ag = 107%,mp = 250 MeV)
- "™ VMD + LoM + B boson (ap = 107%,mp = 540 MeV)
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Fits to the ## mass distribution
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Fits to the ## mass distribution

BESIII (2017)
' 1 VMD + LoM prediction
T SM + B boson (x* = 11.7)
‘ SM + B boson (y* = 12.5)
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BESIIl: !s=00051), mg=7591) MeV !g=0.0185), mg= 1565 MeV

v2 dof = 11.7/11 = 1.1 v Idof = 12.5/11 = 1.1



,QW [eV /GeV?]

dU(n — 7'yy)/dm

Fits to the ## mass distribution

Joint Fit
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Conclusions

The sensitivity of the rare decays 7,7’ — 72'0}/}/ and
N = 1nMYY to a leptophobic U(1) B boson in the
mass range MeV-GeV has been analysed in detalil

Stringent limits on the B boson parameters ms and $g
have been found

The current constraints have been strengthened by
one order of magnitude from 7 — JZO;/}/

These constraints would make a B-boson signature
strongly suppressed



Conclusions
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W ' — nyy (BESIII 20)
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