" o A

¥

Recasting Park Photon Searches
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7~ Standard Model ™\ i typically weak coupling E / hidden sector

(known) \__ (unknown) /

dark photons, 5 — L, L, — L,
Higgs mixing, axion or axion-like-particles....
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Park photon searches

prompt

+Invisible
Invariant mass
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collider: B-factories, LHCb/ATLAS/CMS, CLOE fixed target: HPS, PrimEx, GlueX

rare decays: NA48, NA62, B-factories, LHCb, Mu3e

beam-dump: E7 74, NA64, E141, KE, Orsay, E137, NOMAD, PS191, muCAL, FASER, CHARM, LUXE
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DarkCast
recasting dark photon searches
for generic spin-1 models

llten, YS, Williams, Xue, 1801.04847
Baruch, llten, YS, Williams, 2206.08563
https://qitlab.com/darkcast/



https://gitlab.com/darkcast/releases
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Beyond the dark photon

assume that the dark photon (kinetic bounds)
bounds are given m, , €

v

generic spin-1 model: g, E f_y”(x{/+y5x£)fXﬂ+z CS/”XM
/ X

in principle, can go from any model to any model
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yond the dark photon
— X

master equation:

e(ty(m, gy)) ox(m, gy)

e(Tp(m, g4)) oM, g4')

X and the experiment

BRX—>3‘7(m)
BRA’—)E’F(m)
only X dependent
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Ratio of branching ratios

G g2 o) 2
perturbative m, > my). anff — 1]; me [(x{/) T (xﬁ) ]
T

leptons + quarks for my > 2 GeV

for my < 2 GeV and decay to hadrons? use data + U(3)g.vor
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Ratio of branching ratios

G 87 2 2
perturbative oy > m):I'y_, # = 1]; me [(x{/) i (xji) ]
T

leptons + quarks for my > 2 GeV

for my < 2 GeV and decay to hadrons? use data + U(3)g.vor

vector current - gy,q : e*e~ — hadrons

axial current - gy, ysq: hadronic 7 decays + U(3)gayor
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Ratios of branching ratios
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Production ratios
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neglecting O (mez/m)z()
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Production ratios

o(eTe” = yX) - o(eZ — eZX) g)%
olete= = yA)  o(eZ — eZX) (ee)?

e-bream+annihilation:

(8D% + (g0)?]

2
p-bream: ZEL= €28) B (ot xty? + 2at + a2 A0
o(eZ — eZX) (ee)? vty AT X Fo(my)
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Production ratios

vector meson decay V — XP:
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Production ratios

2 T Ty TpTy ) Te[ Ty Oy IBW  (my)

I
vector meson decay V — XP: ——2£ = 8x

Cyoap  (e€)? o LT pTy [ T[Ty Q1BW yAmy)

U(3)q4.v0r MiXxing —T T— Bright-Wigner

I P—Xy ( 2y ) 2 Z Tr[TPQTV]TI'[TVQX]BWV(Wl)
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radiative meson decay V — XP: —
FP—)A’}/
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ZV Tr[TpQTy | Tr[T,Q1BW /(m)
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Production ratios

ZV, Tr[T,TpT, | Tr[ T, Qy |BW /()
vector meson decay V — XP: =

>
Cyoap  (e€)? o LT pTy [ T[Ty Q1BW yAmy)

U(3)q4.v0r MiXxing —T T— Bright-Wigner

>2 > Tr[TPQTV]Tr[TVQX]BWV(m)

1—1P—>X;/ 8x

radiative meson decay V — XP: = <_

FP—>A’}/ EC

ZV Tr[TpQTy | Tr[T,Q1BW /(m)

(xp — x> for V =p,

oy,
V — X mixing: ==X = Xy Lot 4 482 for V= o,

Oy_A’ (86)2
A 9(x€/)2 for V = ¢,
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Efficiencies ratios

signature e(ty(m, gy))
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iInvisible
prompt
displaced
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Efficiencies ratios

signature e(ty(m, gy))
8(TA’(m9 gA’))
iInvisible ~ 1
prompt 1 — o~ il e(t)) % 1
displaced
(long-lived)
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Efficiencies ratios

signature ey, 8x))
e(Tqm, g41))
Invisible ~|
prompt 1 — e e(t)) ~ 1
displaced e VN — eI F = (1 4 Lyoo/Ly)
(Iong-llved) e~ — e~ 8§1aX€[TA’(8r%1aX)] — 8r%1in€[TA’(8r%1in)]

(finding the average boost)
LHCDb provides the expected limits
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Axial coupling
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Sumwmary

*Recasting of dark photon searches can be easily done by
DarkCast for spin-1 models.

*Can be also use for assign projection for different models based
on dark photon reach.

*In principle, other BSM scenarios can be recasting on similar way.

https://gitlab.com/darkcast/
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LHCDb
Vs = 13TeV
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Ipromf)t—likle Sémﬁlel
pr(p) > 1GeV,p(u) > 20 GeV
e
] st

10°

m () [ MeV ]

LHCb, 1710.02867
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B boson

visible final states
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Le-Lmvu coupling

L.-L, boson

R

visible final states
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Le-Ltav coupling
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Protophobic boson
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True wmwuonium at LHCb

true muonium (9.#) = u*u~ bound state

Never observed!
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True wmwuonium at LHCb

true muonium (9.#) = u*u~ bound state

Never observed!

the 13S1 state (spin-1) is a “"dark photon” like state
Mg 4 = 2m, — By ~ 211 MeV

e s =012 ~2.7%x 107>

E /
Z D EF/WF e

but it IS dissociated due to muons detector material interaction

* similar search strategy as dark photon

31 Cid Vidal, llten, Plews, Shuve, YS, PRD 19



True wmwuonium at LHCb

true muonium (9.#) = u*u~ bound state

e |unitless]

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
m |GeV]

* similar search strategy as dark photon

31 Cid Vidal, llten, Plews, Shuve, YS, PRD 19




True wmwuonium at LHCb

dominant production
n—yJM —yete”

ctg 4 =~ 0.53mm, o, ~20MeV

32 Cid Vidal, lliten, Plews, Shuve, YS, PRD 19



True muonium at LHCDb

dominant production
n—o>yIJM—yee”

ctg 4 = 0.53mm, o, ~20MeV
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expect 50, (discovery) within next LHCb run (15tb™!)

32 Cid Vidal, llten, Plews, Shuve, YS, PRD 19



