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Belief 1: DM cannol strongly couple to SM
atoms, otherwise we have seen it air@.&dv. Mediator Sector

Belief 2: The early universe was at very high
Eempera&ure and  Ehermal equ&ubrmm‘

DM might have interaction with SM particles
, because momentum exchange

or temperature transfer are needed to

nmainkain

thermal equiubrmm i the early universe.

Interaction between DM and Mediator

Dark Matter Sector Standard Model Sector

Even if inkeraction between DM and SM are
ver{z weoalk, DPM-SM TE can still be builk via
Meaiator.



. Neutral M d E&&O r s &r& k

— ~cm < Byct < detector scale: non-prompt decay to
 displaced leptons
 displaced photon+X
» displaced jets, top, W, Z.....
— Byct > detector scale: decay outside detector
« MET, covered by SUSY/DM searches.

 Charged
— ~cm < Byct < detector scale: kink/fork track
— Byct >detector scale: decay outside detector

The long-live BSM particle
c{@.&avz displac@.d vertex
search,

Taken from talk of J. Chen




Ma jorana DM and its Higgs mediator

1 _ . 1 Co . _ Cp _ _.
¥ = )SM+§)((13—mX))(+§(8<I>)2—§5<I>Xx—§p¢xly5)(—V(<I>,H),

DM: Majorana ;

stnglet PM:

real singlet

A .
Vy(H) = piH'H+—=(H'H)*,
2 V(0)
2
su . ,
Ve(P) = M?‘I)-i-—d)q’z £3 53 T
2 3! t—:_h~
. 7 N
V‘I)H((I)JH) — Aq)H(I)H'H‘f‘ d)H(I)zH'H = | 0.
0,
h cos@ —sinB\ [ h .
¢ ) \sin® cos6 J\¢p') We allowed new physics scale

located at the reqgion qreater than TeV.



>OMME atures O“f model

¢ Relic ci@.v\si,%v Ls skill Ehe dominank conskraint.

° To sa&s{v relic c:l@.v\si;%v, the mediator should be as Light as
(or even lighter) than the dark maltter.

° We choose CP-conserved (cp=0), p-wave to escape from
CMB cownskraints.

e The inkroduction of the bosownic (scalar or vector) mediator
LS mamda%orv for a fermionic WIMP (fermionic thermal
dark matter) ko have a renormalizable interaction bebween
the darke wmatter and SM particles,



Light Higqs decay

I'(¢p — SMs) =sin® 0 x I'(hg — SMs)| -
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d&spta&ed verkex can cownskraiin
sowe Parame&m space.




Beam 'Bump experimem&sz
Layout of the NA62 experiment.
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X[m]

| Target KTAG GTK

[ ammane CHANTI = ® ?hi F’"OMP% d@.@&j:
d@.@&v length shorter thawn
delbector size.

vvvvv

. ~long Lived phi
P, is the probability that the mediator decays inside the detector, ii;zv "?: 09‘13 MLZIQ pht or

i i - missing enerqy.
1 , ley 1
P =— dO; sinf, | 1—exp|—— ,
2 Jo | sinby yPeTy o Phi decay length~0(100 m)

and phi > 2xcharge SM:

the factor P; being the probability that ¢ décays outside the detector,

dispim'::@.c& verbex,

1

i - .
P, = EI dB, sin 6, exp it
0

Sin 9¢ YﬁCTd) 1




Present Future

Relic abundance | Planck|[15]
Equilibrium See the text
Direct detection | XENONIT [20], CRESST[24], NEWS-SNOLAB|[29, 30],
PANDAX[’I] NEWS- G[25], SuperCDMS|[28],

SuperCDMS [ 23] LZ[26, 27]
DOF (ANg) PLANCK[31] CMB-S4[33]
BBN See the text
Present Future
T decay CLEO[41], BABAR[42, 43] Belle IT[46]
B decay Belle [49, 56], LHCb [50, 53, 541, BelleII[52, 591,
BaBar [45, 48, 57, 58] LHCb[55]
K decay N48/2[61], KTeV[62, 63], E949[67], SHIiP[66], KOTO[71],
CHARM |64, 65], KEK E391a |68 ] NA62[69, 70]




Upsilon decay

o It is b-bbar bound state.

o Detection channel: upsitam(lS,ZS,M) cieaavs to photon and phi and thewn
phi d@.tajs to L@.F?&OM. pairs.

o For Phi mass smaller than upsilon mass (9.4 GeV), it allows us to study
mu mu or btau tau havariant mass.

o and can do bhe jab«

o Present constraint is not as strong as Kaown and B-mesomn,
Yo = my/(2my) =~ 25.
o However, the decay length (giamma*&au*&”ﬁ(o.l) ) which is shorter
thawn the present Barbar sensitivity of d&spta«ced vertex searches, 0(1) cm.



B""“ W e SO d « O v

o B-meson mass around 5.3 GreV,

o Debection channel: b“quarlé* ci@.«t:ajs to PI«E; and s—quark

(Loop-level).

e BaBar : Br(B > X.¢)Br(¢p e e, u u",m ", K K")

e LHCh: B* - K

::+¢ _)K:

"+ u U and B KP4+ - KO4+puut

o Present constraint bits parameter space of MeV DM.

o Fubture consktraints; Belle 11 (50 ab-1), LHCh (300 times).
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Figure 4: Excluded branching fraction for the B¥ — K™ x(u" ™) decay as a function of m(y)
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Figure 5: Parameter space of the inflaton model described in Refs. [2-4]. The region excluded
at 95% CL by this analysis is shown by the blue hatched area. The region excluded by the
search with the B — K*'y(u*p™) decay [8] is indicated by the red hatched area. Direct

it gives a stringent constraint in the region of my = 1.5 GeV.| experimental constraints set by the CHARM experiment [7] and NA48 experiments [7,28] and
regions forbidden by theory or cosmological constraints [4]| are also shown.




chi_s:

fraction of strange quarks

produced bj pp.
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MeV Mediator (dark Higqs) search

E— m5=2mx 00

EEEN mszmx

PV conskrainks

L Te(@—SMs) = 1sec h« _
—20 | : 103

10° 10° 10° 10" 10 10° 10° 30'
m¢(GeV) mx GeV)
The regions is ready to be tested.




* Current experimental constraints for light

mediator
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SUMAY Y

° Dark Matter physics is more and more interesting and
important at the post LHC era,

o A small bub imyor&o\m& reqgion is hidden bz obther collider
search (such as mono—X) but it can be tested by DV search.

e Fubure sensitive can be E;mpm-veci around 100 kFimes.



The &
Thank Yyou, for your attention,



; "~
S = 5
5 5 =, 3 . Low mass
S S S % % S| g 3 S il
s | 5| £ |5 £ |& |52 f |f]:] Mediator search
Experiment| ~ Q Q — - = Q| & = - ~ |~
APEX JLab |e-brem| (T¢~ |no| 65 —600 | 0.5% | e~ |1.1-4.5 150 pA CEBAF(A) [2010]2018
Al Mainz |e-brem| eTe™ |no| 40 — 300 ? e 10.2-0.9 140 pA MAMI 2011

HPS JLab |e-brem| efem lyes| 20-200 | 12 | e | 16 | sos00nA | CEBAR®) 20152018 | Park phokton or
DarkLight | JLab |e-brem| ete™ |[no < 80 ? e 0.1 10 mA LERF 20162018 d y
- ark higqs
MAGIX Mainz |e-brem| ete™ |no| 10 — 60 ? e~ | 0.155 1 mA MESA 2020 b L e
f e elow GeV

NA64 CERN |e-brem| ete™ [no| 1—50 ? e 100 |2 x 101 EOT /yr SPS 201712022

]
Super-HPS | SLAC |e-brem| vis  |ves| < 500 ? e~ | 4—8 I A DASEL ? ? reg LQM &QM bﬁ
(TBD) Cornell |e-brem| ete™ | 7 < 100 ? e~ 10.1-0.3 100 mA CBETA ? 7 &MEQ"Q [ E&MS (chi

VEPP3 Budker | annih | invis |no| 5 — 22 1 et | 0.500 1033 em—2s 7! VEPP3 |2019| 7 | L )
’ _ popu ar? ).
PADME  |Frascati| annih | invis |no| 1—=24 | 2—=5| et | 0550 | <10eTOT/y Linac 2018| 7
MMAPS Cornell | annih | invis |no| 20—78 | 1 —6 | et 6.0 10%* e 25! Synchr ? ?
]
KLOE 2  |Frascati|several|vis/invis|no |[< 1.1 GeV| 1.5 |eTe™| 0.51 [2x 102 cm™2s7!| DA¢NE |2014| - © More COn “"MS

Belle 11 KEK [several |vis/invis|no | < 10GeV | 1 =5 ete | 4x7 ] 1~10ab™ ! /y [Super-KEKB|2018]| - @.XPQT‘E«M @.V\&S %0
ScaQuest FNAL |several| ptu= |yes < 10GeV |3 —-6%| p 120 101 p OT/y Ml 201712020 QXPLO re MQV ﬁM
|

SHIP CERN |several| wvis |yes|<10GeV | 1—-2 | p 400 |2 x 10*Y POT/by SPS 2026| -

A\

LHCDH CERN |several| (T~ |yes| <40GeV | ~4 | pp | 6500 ~ 10t~y LHC 201012015 1 608 08632




