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SM and dark sector

Standard model (SM): .
SU3)cxSUR2), xU)y
e Successful!

e But also some puzzles
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Portal to connect the dark sector
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These portal-particles can
also resolve some puzzles in
the SM: fermion mass
hierarchy, g, — 2 anomaly...



The dark photon
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Kinetic mixing: ;F’”,,F”"
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€: mixing strength
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A portal to connect the SM
matter and the dark sector



The coupling and production of the dark photon

L=eJ, A" + ee] A" + ] AH

The coupling
of the dark

photon

The production
of the dark
photon
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A’ branching ratio

The decay of the dark photon
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Why we need the dark photon

Resolve the

9u — 2
anomaly

Portal to the
dark sector

Dark matter
candidate
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The experimental method of the dark photon

1072

e Annihilation
e Beam-dump

2
QQED €
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| L aQED

eg. BaBar, BESIII

y * Meson decay
Z QQED X 62
u v
.‘--’.ﬂ0(
eg. NA64, E774, E141 ; u gl
Phys.Lett.B 746 (2015) 178-185 | S
_ Phys:Lett.B 746 (2015) 178-185 eg. NA48, BESII|
102 101
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The (massive) dark photon at BESII|

Q e
\ J
~
Dark photon can be produced in any process by replacing SM photon
€% X

ete” - yy' ‘
J/p -y » (massive) dark photon at this talk
J/b-vn )

Massless dark photon, muon-philic particle?
2024/8/27 Discuss later...

SM Process Branching fraction

J/w =y 0.53%

J/b —=vn 0.11%

J/Y = yne 1.41%
Y(2S) > vxy ~10%

Xe1 = VY 34.3%

X2 2 VI/Y 19.5% \

» Data samples at BESIII

- 10" j/y
. 2.7 %x10%(25)

« 20fb ! @3.773 GeV
« >20fb"! @>4GeVv

\

Less statistic
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How do we detect the dark photon

Visible dark
photon

Invisible dark
photon

A A
events Dark photon peak at the events

Missing ener
smooth background g gy

> >
M ee M miss

* my, = 1GeV, m, Km,,ap = 0.1 - I'~33 MeV

* m, =1GeV,e <1073 5 T,, S 2x1073eV
* my, = 1GevV, m, Kmy,ap = 0.01 - I'~3 MeV

— Width could be ignored
8x10712
cm

* my, =1GeV,P, =1GeV - L, ~ 3¢2 * Width can be ignored only when ap < 0.01
e~103 —>Decay length could be ignored

, f
YN —==————- 'v\m\;.< Our target: observe the dark photon or constraint the mixing strength €
Flight length f BUT Summary: no significant signal is found
2024/8/27 11
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Mixing strength from J /¥ - y'n"),y’ —» ete”

Phys. Rev. D 99, 012006 (2019) ) Phys. Rev. D 99, 012013 (2019)
E (a) ]/lp - ’},I17 | KLOE 2013 BESII I ]/¢ - y’n’
o | |
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2 . 1 SM Process BF
: Only ~10
_ Only ~10° J /i e O L s v | 053%
— e 10?2 10" 1 10
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i3 ; e
- L ' has better sensitivity
H (162
w (65 —p— U
102 -M I/ ( ‘mmt ) n0)
@ < — U
o 1 2« Onlyusing ~10° J /1 events, but now we have 101°] /3 events
m, (GeVic') * What about using the full data? Will discuss later...
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Mixing strength frome*e™ - yy', ¥y » I71™

w

102
- KLOE 2015
BESIII
‘ |
JW
2.93 fb~1 data @ /s = 3.773 GeV
Phys. Lett. B 774, 252 (2017)
10-4 1 1 llllll | 1 | ILIIII 1 1 1 . 1 111
10 107 ,. 10
m,. [GeV/c]
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2
QQED €

OV Y — eferutu”

< 7 —— missing
QQED

Only using 2.93 fb~! data,
Now 20 fb~1! data are collected

O BESII: 2.93fb~ 1!
O BaBar: 514fb~ 1!
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The future of visible dark photon at BESII|I

w 1072
[ l; + - gﬂ'z + - I + -
J/W—=vn,y -e’e ee —-yy,y »>ee
U | S AP NR4872 BaBar
» Some more possible ‘ |
improvements: - NAG4 I
N, . \
!\/Ils:ng some particles E141 LHCb T~~_|___, Expected toexplore new
n the reconstruction Visible kind dark photon parameter region
Remove some PID 10 | C ol el
Addn —» m*r~m’ in 107 1072 107" 1 10
n' >ntnTy ,
M, (GeV)
N;,~€* — data statistic 10000 T, B sensitivity 100 T, € sensitivity 10 1

sig
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ap g toMmy < zy,
7 /\/\/\/\?: .... ... ° aD >> aez
""" X - B(y' - xx)~100%
102 g
E E787,E949 BESIII
i (9-2)_ favor
10° | : BaBar
i 14.9 fb~! data @+/s ¥ 4.13~4.60 GeV
w L
QQED 62
107 = e~ ——\\OVV Y — invisible
E et —<—aqé\D/\/\/\/ 7 — detect
107° = Invisible kind dark photon
| 1 II\\III | IIIIII| | IIIIIHI 1 | L1 1 111
107 1072 10~ 1 10
m.. (GeV)
2024/8/27 Phys.Lett.B 839 (2023) 137785

O (20 —2.93) fb~! data @3.773 GeV
* Lower mass region
e Limit improvement with the statistic

4.2 GeV < 1.113

* €~4+/s, improved bym

0 New method: gamma conversion to tag y
* Better solution, lower background
* Wider mass range

1 .
 Butonly ~Too statistic

O J/y — y'n’ with 101° J /3, invisible y’
* Lower mass region
« €~1073 level

16
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Massless dark photon

Massless
dark photon

Massive
dark photon

U‘(l)l’

Kinetic mixing: EF’”,,F”" .
2 Symmetry remains unbroken

PRL 94, 151802 (2005)

Symmetry broken spontaneously €: mixing strength

AF - A* + €A'H A* - A" 4+ eAH

L=e], A" + +eJ At L=e], A" + +eJ At
e Dark photon couples to the SM matter  SM photon couples to the dark sector particles
A / A Al illi-
f# e Massless dark photon # H (I\;I::Iilclcef;:;\rged
ge has no interaction with P
e e/ the SM matter in the e - e/ /
dimension-4 operator =5
SM DS SM DS

2024/8/27 arXiv:2005.01515 18



The Interaction of the massless dark photon

Dimension-six operator

1 PRL 94, 151802 (2005)
Lyp = 5 (CirGjo"weH + CR.qjo" dpH + Cjjlio* e H + h.c.)F,

2 ] J
ANP .......................................................................................
Up type quarks Down type quarks Charged leptons Massless
coupling coupling coupling dark photon
v Ayp: effective heavy mass (NP energy scale) v’ q;,1;: left-handed quark / lepton doublet
v’ dy,, uy, ey: right-handed down/up type quark
v le,](, Cj’?{, le,‘{: dimensionless coefficients / charged lepton
about dimension-six operators, independent v Fuv: dark photon’s field-strength tensor
v' Both Ayp and CjU, CjD, C]-l,; depend on NP, 5!
Cﬂc, })k, C]'-‘k are not necessarily related to another M
q(l); > \_J > q(0)

2024/8/27 19



Resolve the
Fermion mass
hierarchy

PRD 94, 115013 (2016)

md -

PRD 89, 015008 (2014)

2024/8/27

SM
matter

—-— e s s s o ol

Portal to the
dark sector

Probe the
new physics
energy scale

In effective field theory, not care
the details in the
(model independent)

PRL 94, 151802 (2005)
But in the effective coupling, it
could include some heavy dark
sector particles in the NP energy
scale (model dependent)

Resolve the

gu —2
anomaly

* In principle, it can
contribute to g, — 2

* But no theory
calculation until now



FCNC process with massless dark photon

PRL 94, 151802 (2005)

1
Lyp = (qujawukH T qu] o*Vd, H + C l; io"erH + h.c.)F,

ANP A LR : .............................................................
. Up type quarks Down type quarks Charged leptons Massless
CQ.E{P“ng ““““ : coupling coupling dark photon
AFCNC of charm > Lyey =u(C+ VS(CS)GWCF;W +h.c.
. C=A5(CE + I

FCNC process beyond ther’M/‘ ) ;\vp((éz ))/}5_ PRD 102, 115029 (2020)
e ¢co>u' (A, D,D,) * 5 = Anp\L12 — v
¢« g — d)z/(K j\ y+ S:o) . v: Higgs vacuum expectation value
« bosy (é’ B,) ’ «  Ayp: effective heavy mass(NP energy scale)
© ooy (1) y

s u-ey,touy,toey

Candidate channels at BESIII:
A, > py,D - wy',D - yy,
D - py'..

2024/8/27 This talk
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Upper limit of D° - wy’ and D°® - yy’

AL Reaching into the dark matter (DM) and vacuum
S b e ExpecteduL stability (VS) allowed region for the first time If assuming |Clll2| =1
= Expected UL +1
o 10 E
2 E Expected UL +2¢ . . 4 ANP > 138 TeV
2 F BES Dimensionless R
............. o _
é oo b ——=2111 coefficient Pk
E DM+VS alfowed region =l B 2 -'. “
3 B @ S | >0 :_ 1 ‘“;*““':“:“??7“:“:::: .': .."'
| _ 2 U U % : 107! 5’?\: I :,' ‘..o.
C > L= ANP(Clz + C21 )U/\/§ 40 w2l 0 y
17 Vial - —2 U U* : -3 l.' o'
10 LS - ANP(Clz - Czl )U/'\/g - iz4i :,' ‘.0
j 107 E i i 1 30 — 50100 150 200 < '." r
S 1 7.9 fbi1 data -
S —— | @3.773 GeV . A‘\N\N . F S mcueregon
= i : ' O/ ' C A ~ == DM+VS
2o B - 4 Vol BESfl .
- BEq . : ‘ Co0E ) o
10°6 - ESII,I i E . :::‘: ’-,‘-: ‘‘‘‘‘ o® Dneyy'
E B h:' f t.: the most Strlngent e Tk | ] ] ] | ] ] ] | L ] ] 1 ] 1 1
. Branchjng fraction .
o anc l g Trac p constraint on ANP 200 400 600 800 1000
o poer e associated with ) > @
cuy’ coupling New physics scale
2024/8/27
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Why we need the muon-philic particle

w 107 102 ¢
E787,E949 BESIII
i The space of dark photon for g, — 2 has
g- avor
107 2 A / N been excluded
1073 NA48/2 BaBar v i / .
10 But most of the experiments are based on
Y. i - . ) electron coupling or light quark couplin
Visible kind Invisible kind piing Orfight q piing
E141 LHCb 105
10° 10° 10" 1 10 m.,. (GeV)
M, (GeV) Y
Will have worse constraint
with electron-coupling
X |[jl> experiment
If only muon-philic ~
e > > & e > > e
2024/8/27

24



Muon-philic scalar or vector particle X 4

* Similar to the previous dark photon, an extra U(1) group is added as gicalar

= —go Xo [t [,
minimal extension to the SM

[-,;ector = —q1 Xla E,}/a L.

* U(1)py—1r model: A new massive scalar boson X or vector boson X4
only couples to the second and third generations of leptons (u, v, T, v;)
with the coupling strength g’ ¢

explain (g —2),
anomaly

| » Can be accessible via |

1 J/Yy-oupXer |
| atBESII |

]|

Iy

2024/8/27
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Three cases of muon-philic particles

@nilla" L, — L; model \ m\visible" L,—L; modem / “scalar” U(1) model \

/ .
_(]1 gj{) ______ X
A ..
i Xrarearaseasease <
wr , - X T _
9o " X
XINNNN\
, "'V ~~~~~~ )_(
Q’:’[ D, G RLSLTLITILILIELLELELELEL
X1 long-lived
\_ )\ V2N %
* Large mass of dark matter kind: * Light dark matter kind: * Assuming the X is long-
m, >my /2 m, <my /2 lived or only decay to
e B(X; »vv) =33%—100% - gp>g'4 invisible final states
with different my, e« B(X; - xi)~100%
__________________________________________ "
2024/8/27 Search for muonphilic scalar X, or vector X4 via J /1 = u*u~ Xy 1 with Xg 4 invisible 1

_________________________________________ - 26



Coupling constraint from J /¥ » u " u~X

“invisible” L, — L, model “scalar” U(1) model

“vanilla” L, — L: model
g1=-¢e€ce~=0.3

'E 4 E 'E
| : : 9 x 10° ] /i
W:_ BESIII ol BESIII BESIII
. i : =
- B
[ = o e I =
. | : "‘--1_~\E - o L
(i 1O ,E/ ) oy i E
i P A 4 T . ’
= A2t —— Belle 3 : (92,20 7 N'B’ ol
C —— NABL-e [ s °F L
e R CCFR — — Belle 1 4 — NABd-e v :
= Borexino BaBar p ’ (g2) = 20
i CMS (35% C.L.) 7
1|:r: 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1|:r:\ 1 1 IIIIII'b 1 1 IIIIIII 1 1 IIIIIII .1.:]—4 IIII 1 1 1 IIIIII
1 10 1 10 1 PR 1 i 10 10t
M(X ) (MeVic?) S0 MX) (MeVic?) M(X ) (MeV/c?)
7/

First constraint for the “scalar”
invisible X case
Belle Il can also give the constraint

Better sensitivity in the range
200-860 MeV /c?

BarBar, CMS, Belle: X; —» u*tu~
Belle 11, BESIII: X; = vv
(Taking B(X; — vv) into account)

PHYS. REV. D 109, L031102 (2024)
27
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Summary

» Dark photon / muon-philic particle provides a

portal to connect the dark sector and resolve some

puzzles beyond the SM
» Unfortunately, no evidence is found

> BESIII has collected 101° J/3, 2.7 x 10° ¥,
20 fb~1 @ 3.77 GeV data (DD) and more...

» More & better results are coming soon The future of Dark Sector is Erizht |

2024/8/27 29



J/p -y y —>ete”

y
e’
2 . —_—
T/ ( oo )
¢ < ——u
Phys. Rev. D 99, 012006 (2019) Only ~10° J /¢
§ 250;‘ (@) g aou;
& 2000 S
§ 150k § o
g 100? g4oo:

0.5
m._. (GeV/c?)

0.55 06 0.5 045 05 055 06 0,65

m,, (GeV/c?) ‘4
High QED
background

2024/8/27  Reconstruction of n in nete~

O Reconstruction of n:
* 1 -vyy(39.36%)
« nontn Y (23.02%)

O Reconstruction of n’
e n' > ntnTy (29.5%)
« n' > natnn (42.5%),n = vy (39.36%)

O Reconstruction of y’
¢« y' 5> ete” (10%~100%)

Phys. Rev. D 99, 012013 (2019)

° )
S10° >
() ()
s S10°;
S10? ]
g g
—~ ~
10} \ 4
PP 2] \
£ 10 = . 1l
Q @ sy
Z g ou
SV i SN 1 #101 i o1
090  0.95 1.00 090 095 1.00
M(yr*r) (GeV/c?) M(yyr*r') (GeVic?)

Reconstruction of ' inn'e*e” 30



Background I:

J/Y - vyn -
eten)

8%

Usually can not be removed
Peak around zero but long tail

Main background: y* — ete”

2024/8/27
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Background IlI:
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- yete~
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o
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02 004 006 008
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002 004 006 008
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Phys.Rev.D 89 (2014) 9, 092008
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M,, spectrumof J/yp - y'n(), ¥y’ - ete”

103 (a) [Juy—e’enMC [ Jiy—yn MC —4—data
1 sideband data JhyosrramMC [ p—rtn MC
102 I B eor T MC [ p—e’e MC w—e’e MC
L 'q:—)e e MC Combined 17
* w u?* tl

Entries/(25 MeV/c?)
=)

107

m,.. (GeV/c?)

Phys. Rev. D 99, 012006 (2019)
J/Y—->vn

2024/8/27

i |

|

Wi

r

S>ntn

High QED

background

n—-vy

Only ~10° J /¢

Events /(20.0 MeV/c?) Data / Fit Events /(20.0 MeV/c?)

Data / Fit

300 LI B |

)
(=]
o

100

50

T 1 77 T rrrrjprerererr

(a) |

n-ontnTy
Esig = (35~41)% 1

n ->ntnn _
Esig = (22~27)% |

——— wwmmw e

2.0
M(e" e} (GeWcﬁ)

J/y -y

w - ete and

¢ - ete” peak
would be removed
in the fit

Phys. Rev. D 99, 012013 (2019)
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Mixing strength from J/p - y'n"),y’ —» ete”

Phys. Rev. D 99, 012006 (2019)

B(J/y—ym)xB(y'—e'e)

102

(a)

[T T

W J/w->¥n
. (b

!

m,. (GeV/c?)

2024/8/27

Phys. Rev. D 99, 012013 (2019)

10'2 T

T T LI T
KLOE 2013  BESII I

SM Process BF
-é J/Y - yn" | 0.53%
i J/w—-vyn | 0.11%

ma’s better sensitivity

Ioyw .

102 10" 1 10
m,, (GeV)

B2 (] g, ), M)

B(J /¢ - v'n?)

= €2|F(m]2//)|2

B(J /¢ - yn*) A3, me ), 0)
e |F(g®)|=1/(1—-q%*/A»), A is effective pole mass
. B2m2m2m?) = (1 . ™5 2 _4mimi
2 m3”  (mf-m3)?

* Only using ~10° J /1 events, but now we have 101%] /i events

* What about using the full data? Will discuss later...
33



ete” -yy, vy - Ul

2
QQED €
e > ’y’ * Data: 2.93 fb~! data taken at \/s = 3.773 GeV
Y « Y sete andy > utu
 eiVAVAVAVE eh fic
O e Untagged photon method (high efficiency)
« Phys. Lett. B 774, 252 (2017)
E g 5 EMC EMC
it . g H H
S e > 5!
\ x S
. \\‘\M'M/ tagged: untagged:
S R S IS IPRY I B AT photon hits EMC photon leaves the detector
| ’ 6, [rad]

2024/8/27 Main background: y* - ete” 34



e'e'y MC

t- data ,‘!;‘

\

10°

g 1 S 1.4k
.g 0 :3; 0.9

Events / 0.010 GeV/c®
.I -! I K I
Events / 0.010 GeV/c®

6 18 20 22 24 76 28 30 32 34
m,.,- [GeV/c?]
Phys. Lett. B 774, 252 (2017)

« Below 1.5 GeV, m*m ™y cross section with muon misidentification dominate the m,,, spectrum
* Above 3.4 GeV, larger hadronic gq process background
« J/Y — [T~ peaks are removed in the fit

2.93 fb~! data
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Mixing strength frome*e™ - yy', ¥y » I71™

w

102
¥ KLOE 2015 |
- (9-2)+ 20 BESIII
o
. M ‘ﬂw Uik
Phys. Lett. B 774, 252 (2017)
10-4 1 1 1 L 1411 I 1 1 1 1 1 b1l ll | 1 1 . 1L 111

10"

1072

Only using 2.93 fb~! data, Now 20 fb~! data are collected

2024/8/27

., 10
m,. [GeV/c]

oi(ete” s yy - yl'l)

oi(ete” - yy - yltlT)

B N/P(ete™ » yy' > yltl7)
Nf(ete™ »yy* - yltl)
31 - €2

. my,
+ —_
2a6L "

) B(V’ - l+l_) " Esig

5117 mass bin width, 10 MeV
Esig- signal efficiency in the
corresponding 84, bin

QQED 62
e 7" O BESHI:2.93fb™1

O BaBar: 514fb1!

Q™
+
-2

QQED
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X , 1 ms 2m2
! L 2 ]/, y!
RAVAVAVAV- SN
e : * ap>» ae’ m,, = 1GeV,my, K m,,ap = 0.1 > T~33 MeV
X - By’ - xx)~100% m,, =1GeV,m, K m,,ap = 0.01 > I'~3 MeV
Width can be ignored only when ap < 0.01
* Invisible in the detector
* Missing energy
QYQED 62
o . N * Data: 14.9 fb~! data taken at /s = 4.13~4.60 GeV
e Ignore the width of the invisible dark photon
et < If\/\/\/\/ Y * Single energy photon
QYQED
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Events/0.010
iy
o

Pull
=

 Below 1.3 GeV: The trigger efficiency for single photon is low, also high background
* Above 2 GeV: Saturate the EMC electronics, lead to high background

* Detection efficiencies: 1% ~6% (|cosl9y| < 0.6 to suppress the di-gamma background)

2024/8/27

y2id.0.f: 48.8/47 —4— Data {5=4.226 GeV |
N,,: 17.7 6.0 — . gignal m(y")=2.6 GeV = o
- - .. background - o
- 2
\/E =4.226 GeV ] E,
m,, = 2.6 GeV 7 LU
S
o
35 16 1.7 18
E(y) (GeV)

Dark photon mass range: [1.5, 2.9] GeV

80

60

—4— Data V5=4.416 GeV = _|
— - signal m(y')=2.6 GeV —
-~ .- background

yid.o.f: 24.4/43

N,,: 26.1 £ 8.9

Vs =4.416 GeV
m,, = 2.6 GeV

T3 15

16 17 1.8
E(y) (GeV)

Phys.Lett.B 839 (2023) 137785
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Mixing strength from e*e™ - yy’

2 m2/ Zmy’ 2
olete” »yy') = 212“ €> (1 — T”) X ( 1+ —SZ > log—(1+C°SOC)
()
102
E E787,E949 BESIII
B (g-2)_ favor
103 = : /\ BaBar
w [ ! v
10~ =
107° = Invisible kind dark photon
[ 1 II\\III | IIIIII| 1 IIIIIHI | | L1 1 111
107 1072 107" 1 10
m,. (GeV)
2024/8/27 Phys.Lett.B 839 (2023) 137785

(1+cos@,)?

cosf,. = 0.6 is the cos@ cut for

the signal photon polar angle
— 2co0s6,) shatp P &

O (20 —2.93) fb~ 1 data @3.77m 3

* Lower mass region
* Limit improvement with the statistic

_226eV 1113
3.773 GeV

* €~+/S, improved by

0 New method: gamma conversion to tag y
* Better solution, lower background
* Wider mass range

1 .
e Butonly ~ 700 statistic

O J/y — y'n’ with 1010 J /3y, invisible y’
* Lower mass region
¢ €~1073 level
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D° - wy' and D° - yy’

2024/8/27

The massless dark photon is invisible

7 - x10°
7 ¢ % 100 -+ Data lﬁl
DU ( ~}’ = —- Total Fit [
g i
R Background
c - > u u / % D’—K -g } ‘
Do ~ ) Z 5 .: ¥{
( w i
i < i L l‘g
T4 1.85 186 187 1.88
(b) D" — yy My (GeVic?)
_ x10°
;; lSl]} —+ pata i
§ 100:_ ------- Background
__________ £ [ DK
SM photoni & l
I i 50—
W S— . K TR ¥ T T AT
i_ Dark photon i My (GeV/c?)
----------- _ x10°
% 15"— —}—Dala #3‘
E | —-Total Fit :“
6 0 _0 % wu:_ ------- Background E ‘:I
Double tag method: ~6 X 10° D" (D") are tagged £ ke A
= h
with 7.9 fb~! data @3.77 GeV s ] \ l
w is reconstructed with w - wtm~n° :

TR i
1.87

1.88

My (GeV/c?)
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M

2
miss

spectrum of D® —» wy’ and D° - yy’

Signal should peak at zero

. oxe
S - —3—0D
~ 250 ata
% . —=— Total fit
&) 5 - Signal
— - === K] background
g Ls E Non-K; background
— . - H 1 1 i |
7 - Signal shape 03 02 ~01 0 01 02
£ - N,=15+ 8 A
o 1 Nag=152 I
2 f BESH i

0.5 (a) l\

03 -02 0.1 0 0.1 . . 0.4
. . 2 2

Signal extraction of D? —» wy’ M, J(GeV/c?)

D° - wK; background

2024/8/27

3
~ 05210
> _ —%— Data F
ol — L
> [ —— Total fit 15}
5 0.4 :_ Slgnal 103
~ o s K{ background sk
g 0.3 | o Non-K] background ~ E1[ I4T] .
‘% s - Ssign:I shape —03
ke | +
5} - sig™ - ,*_
2 [ BES[ i
0.1 - i
= () /
0 M ................................ LR s cne pee
0.2 0 0.2 0.4 0.6 0.8
. . 2 2
Signal extraction of D? — yy' | M (GeV/c?)
v

Signal should peak at zero

D° - K, background

7.9 fb~! data
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Upper limit of D° - wy’ and D°® - yy’

o
|

—

"

2 2 - 2 3 L E = Observed UL
B(D - Vy,) — TDfDVZ(:Tn£3 mV) (l«:lz + |@5|2) E E """ Expected UL
D "" 14 Expected UL +1c
/ Ao > 107
B(D - VY ) = 7TDfD2ym13)(|(C|2 + |(:5|2) ; ; Expected UL +2¢
taeSRep(Mhe—m3)’ Seel =
B(AC - py’) — b 3C £ (lClz + |@5 |2) % 1 E_ DM+VS allowed region
anAC Ng -
PRD 102, 115029 (2020) 5 [y N
- C=Ay((ch + Y )v/V8 = BEsqy
° (CS == A&%(Cle - CZU]_*)U/\/g 10"V I
e  v:Higgs vacuum expectation value L1070
Ayp: effective heavy mass Ot
§\- 'y —
The constraint from D? - wy’ goes into the dark s f ; -
matter (DM) and vacuum stability (VS) allowed region - : :
for the first time, the most stringent constraint il BESIiI e
7.9 fb~1 data - '
Ac—py' Doy’ D’—yy'
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Lower limit of Ayp

N p
y MBI
: : Up type quarks Down type quarks Charged leptons Massless
I , coupling coupling coupling dark photon
_______ 3. I
'nP energy scale | I dimensionless coefficient | oo ¥
L= e ORI ol e
E 10—1r§f§\¢ . f
40 = Wﬁ# |
o ge . . B 3 1
* Providing the most stringent constraint on Ayp » -
associated with cuy’ coupling to date 00 o mem o .
2 _ -~ - :.:: R - ::: Excluded region
* If assuming |C'1]2| =1->ANp>138TeV ----""7"7" N BES’fI[,a" - DVHVS
C o Leanary e Ac—pY
10 C (b) “‘y“.e"‘..o “““,‘ o DU%mY-
F e ooy
..ui‘ﬂ“ﬂ‘=“'|‘-‘| 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1
7.9 fb~! data 200 400 600 800 1000
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Summary of the massless dark photon couplings

Lower limit of F, (TeV)

— The first generation ' FCNC bewteen two generations ' The second generation

0 i i « K* - mtyy: Massless dark
E i Ko : > photon as the virtual particle
— 53.6 TeV : .
- 1 Doy - : » K - yy' result in ICHEP2024:
- 7.9 fb7" data ypic o | ol Fyp > 19.5TeV

10 = g TeV” 13.2TeV | _
= i i arXiv:2005.01515
—  Supernovae Stars : Bi
_ g bang
— 25Tev 2.7 TeV ! BESHI : nucleosynthesis

1 _1 7 TeV | | 15 Tev |

= ] None 1.1 TeV ‘
[ 1 |

uuy' ddy' eey' cuy' sdy' uey' cey’ ssy' upy!
V2m

I

I

. with 20 fb™! data,

v I improvement of 1.5 TeV

I

I

I

l

Fyp = /11\”3/\/|Cj"},c|v/\/2m2 — The new physics energy Ayp when |C]"-k| =

m: the mass of the heavier SM particle in the coupling
In principle, these couplings are not necessarily related to one another.

Playing a unique role in the dark sector of the charm field.
2024/8/27 44
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Recoil mass spectrum of J/Y -» utu=X

Low mass region High mass region

- 8[] L
~ 60 X search —+- Data T
;}; -0 A TE T T L[ X, search N, : 46 + 15

[ - : > 60 °
8 o[ Mi17 16 - efe pp g F ~t-paa |
- -- Jhy— hadrons =~ [ ... signal e Data samples:
E E 40__ ---- Background } {‘ ~9 X 10 ]/lp events
@ P
S 20 E i +
i = or R  Above 1 GeV, poor

o understanding of the
sk 4 Data 8o background (/ /Y — hadron)
% [ X search — [ X.search
R T T Ty L [ ™ N, : 41+ 14 . _
E OF N 25219 | o etes E 60|~ Data °* No e.\lld-epce for signals from
S ™  Jues hadrons S b s Xo 1 invisible decays
s [ W = g
2 [ E': 40._ ---- Background } {‘
2 [ 2 T
© B c B
b :— L% 20~
-0.2 -0.1 0 0.1 02 03 T 0.4 06

0.8 1
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