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WHY HIDDEN SECTORS?

baryons antibaryons




EXAMPLE: THERMAL DM




FLAVOR EXPERIMENTS ARE PROMISING!
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SIMPLEST CASE: PORTALS

Vector portal

Neutrino portal
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VECTOR PORTAL
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H. An et al., 1510.05020 [PRL]; BABAR, 2106.08529 [PRL]

VECTOR PORTAL + DM

e For sufficiently large coupling in the «
hidden sector, can form dark matter
bound states!

e Look for 3 sets of resonances that
are close together in mass
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VECTOR PORTAL: PROSPECTS

visible decays: A" — ¢t¢~

T. Ferber et al., 2202.03452 >
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NEUTRINO PORTAL

e Motivated by SM neutrino masses via seesaw mechanism

e Can also explain the matter-antimatter asymmetry!

Akhmedov, Rubakov, Smirnov, PRL 81 (1998)
Asaka, Shaposhnikov, PLB 620 (2005)

e See yesterday’s talk by Sophie Middleton, incl. new BABAR result!
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AXION PORTAL

e Axionlike particles are naturally light & feebly interacting, well-
motivated in UV models and great hidden sector mediators!

ﬁ — CqV %VW/V’W/

e See this morning’s talk by Diego Redigolo! \
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He et al., 1991 [PRD]; Batell et al., 1103.0721 [PRL]; Batell et al., 1606.04943 [PRD]; Chen et al., 1511.04715 [PRD]

NON-MINIMAL COUPLINGS

* Most hidden-sector explanations for g-2 anomaly are ruled out
unless couplings to quarks and electrons are suppressed

e However, viable models still exist with preferential coupling to heavy
flavor leptons!

e Flavor experiments produce huge numbers of heavy-flavor leptons,
giving them good sensitivity!
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BABAR, 2005.01885 [PRL]

LEPTONIC SCALARS

e Look for a dilepton resonance in association with single-track tau
decays
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LOW MASS LEPTONIC FORCES

In general, low mass region near/below dimuon threshold is hard

for B-factories: kaon factories play an important role!

K* = vX, X - utu ,ete,vy,inv.

Goudzovski et al., 2201.07805

Krnjaic et al., 1902.07715 [PRL]
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MULTI-PARTICLE SECTORS

* No one said life would be this simple!

» More is different - highly optimized searches for single-portal
couplings would miss more realistic hidden sectors

 Balance search coverage with speciticity

semi-visible cascade shower




Batell, Pospelov, Ritz, 0903.0363 [PRD]

DARK HIGGSSTRAHLUNG

* In dark Higgs-dark photon model, g
can look for associated production
of dark Higgs + dark photon
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Hostert, Pospelov, 2012.02142 [PRD]

MULTI-LEPTONS IN MESON DECAYS

» Hidden sector models can easily give 2 or more lepton pairs in
decays of kaons and pions!
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Hostert, Pospelov, 2012.02142 [PRD]; see also Goudzovski et al., 2201.07805

MULTI-LEPTONS IN MESON DECAYS

* Many BSM decay rates can be above corresponding SM rates
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MORE INCLUSIVE SEARCHES

e All of these searches are hyper-targeted for specific production and
decay of a new particle

e Can we design something that can cover more general possibilities?
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Events / 100 MeV/c?

MORE INCLUSIVE SEARCHES

There are a few searches for 2-

oody long-lived decays that are

inclusive ot production, but require reconstruction of a resonance

and some final-state combinations are missing (¢=hT)
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BABAR, 1502.02580 [PRL]

= — Y(4S) + Off-resonance “=s.

e
E
E
E
E
E
E
E
e
E
e
E
E
E
E
-
-
e
E
E
3
E
E
1
E
-
E
-
E
£
£

T Ty

— Y(3S)+Y(2S)

2x10

1

2

3 4567810
m [GeV/c?]

i

Candidates / o[m(utp™)]/ 2

LHCb, 2007.03923 [JHEP]
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e Proposal for similar search at Belle Il to

cover dark shower model
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MORE INCLUSIVE SEARCHES

 What could we be missing? Consider simple model of dark photon
decaying into long-lived particles, A" — Yy

e |f we take away all model-
dependent searches that
rely on exclusive X decay
modes, lots of open ©

parameters!
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M. Acevedo, A. Blackburn, N. Blinov, B. Shuve, M. Stone, 2105.12744 [JHEP]

MORE INCLUSIVE SEARCHES

Requiring at least 2 displaced vertices with 3 or more tracks can
almost completely eliminate background without exclusive
reconstruction of final state decay

Studied range of production modes, and decays (classitied by EFT)

my = 8.0 GeV, Ngy > 2, Ny > 3
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Hidden sectors among the best Flavor experiments ideal for

motivation for new (low-mass) physics hidden sector searches
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un(der)explored searches can lead to new discoveries!
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BACKUP SLIDES



NEUTRINO PORTAL

NA62, 2101.12304 [PLB]
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Izaguirre, Lin, BS, 1611.09355 [PRL]; Dolan et al., 1709.00009 [JHEP]; Bertholet et al., 2108.10331 [PRD]...

AXION PORTAL
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e See this morning’s talk by Diego Redigolo!
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Hostert, Pospelov, 2012.02142 [PRD]

MULTI-LEPTONS IN MESON DECAYS

* Many BSM decay rates can be above corresponding SM rates

27

101
10~2
mtad
—3 0+
10 TTHeE V 7T+7TO7TOD o
Touty 7t (m% — 3a)
1074
Py 7T+(LCL
_ +.0
= 1075 0t o T 7DD
T mwToTme € n 0
0 _+ T 2T
+ Tpp€ v
K 106 0.0 +
= mOrlety 0 T0.0
Q = THDH V atete— T TTDD
Tvyava
: L 2md et v !
10 p e € rtadete T UUYYd
etvete” T
4+ o+ — € VYdYd
T e e +.0.0
108 T THTDhD
o0 ety
10~?
10710
(Tete” (T2(ete) mhete” nt2(ete”) wt3(ete) a(17) DS




