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Outline

© Preliminary Background
» Dark matter direct detection

> Isospin-violating mechanism

@ Model building
(The discussion in this talk is mainly limited in the Higgs-portal models)
> minimal singlet extension

> go beyond the minimal (e.g., 2HDM plus a real scalar singlet)

© DM phenomenology

@ Collider search signature

@ Conclusion
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Existence of dark matter?

Universe content

Galaxy rotation curve

TT+lowP TT+lowP+lensing ~ TT+lowP+lensing- TT,TE,EE+lowP  TT,TE,EE+lowP+lensing TT,TE,EE+lowP+lensing+ext
Parameter 68 % limits 68 % limits 68 % limits 68 % limits 68 % limits 68 % limits
(o SRR et 0.02222 +0.00023  0.02226 + 0.00023 0.02227 + 0.00020 0.02225 + 0.00016 0.02226 + 0.00016 0.02230 + 0.00014
QR 0.1197 + 0.0022 0.1186 + 0.0020 0.1184 +0.0012 0.1198 + 0.0015 0.1193 + 0.0014 0.1188 + 0.0010
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Messages from DM direct detection
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@ The strongest of those limits is currently a result of the LUX and the superCDMS in
the very-low mass regime.

@ In particular, the lower energy threshold of LUX allows a significant improvement in
constraints at small WIMP mass where positive signals are reported by other
collaborations (CDMS II, CoGeNT and etc.).
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Messages from DM direct detection
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Standard theoretical assumptions:
1. ‘Standard Halo Model 25

2. Short range interaction

WIMP mass [GeV/c?]

3. Equal couplings to protons and neutrons

4. Elastic scattering

Are they all true?
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If f,/f, is NOT equal to one? J.Feng et.al., PLB703(2011)124, 1307.1758

o SimlZ (A - /6P
e > ’7/'/’2\,Ai2
where o,: DM-proton cross section (as a function of f,/f;)
o%: DM-nucleon cross section assuming f,/f, = 1

7: relative abundance of an isotope
pa: reduced nucleon-DM mass
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Isospin-violating mechanism

light quarks heavy quarks

The ratio of DM-nucleon (N) (proton (p), neutron (n))
couplings:

fa  FIXu+ FiXp

fp N FL’,’S\U + F(?S\D

where the combined form factors (including the QCD NLO) are

2 35 2 35
FLCV = f#{, + Ef‘l,'vc (1 + 7"5(’776)) + Ef'l,'VG (1 + 7#“5('”!)>

AulAp

i,
367 36 0 b
FN _ N +fN " 2 N (1+ 35 Oés(’"t;)) 05——0 |
d = Tra T 11s T 5516 v
=27 367 PO —
for which the nucleon form factor has the relation defined as  _os5
f-,’-VG =1=3 s f{-‘é and the DM-quark effective couplings  _;,
~ -~ ’\H H ~ —~ ’\H 1 -15
Au = L > U Ap = L > <D _20
) I77H ) I77H i

Yun Jiang (Niels Bohr Institute) Scalar IVDM from double-Higgs portal

-1.00 -0.98 -0.96 -0.94 -0.92 -0.90 -0.88

7 /20



-]
Model building: SM+Singlet (FAILED)

o SMPE ~ .
T eous s ITT‘\\ s
5N o ¢ AN

0.0
X.G. He et. al., PRD85(2012)093019 5 10 20
mp (GeV)
mp (GeV)
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|
Model building: go beyond the minimal

Dark Matter (S)

ARV
@ one Higgs — 125 GeV, small invisible decay

@ the other Higgs — responsible for dark matter physics

@ Type Il: generate the isospin violation
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2HDM+Singlet model (2HDMS)

Adding a real gauge singlet scalar S to the two-Higgs-double model (2HDM)

V(H, Ha, S) = m2H Hy + m3H} Hy — [m%zHI Hy + h.c.]
A A
+ 5 (HLH)? + (M3 HR)? + As(H{ ) (H3 Ho) + Xa| H Ho?

A + . (1)
+ f(HIHz)Z + Xo(H] Hh)(H] H2) + A7(H] Ha)(H{ Ha) + h.c.

1 1
+§m352 + Exss“ + k1S2(H] H1) + r2S2(H Ha) + S2(k3H{ Ha + h.c.)
Symmetry: Zo X Z5

OZQZH1—>H1,H2—>—H2
OZIZZH1—>H1,H2—>H2,S—>—5

S is stable and thus could be a dark matter candidate.
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2HDM+Singlet model (2HDMS)

the S-dependent part (after the EWSB)

1 1
Vs = —m25% + Exss“ + ApvhS2? + AyvHS?

2

+ S2(Apr HH + AnghH + Apnhh + AaaAA + Ay - HTH™)

where
m3
An
AH
AAA
Ahh
AHH

AhH

Remarks
o NO AS? term!

m3 + (k1 cos? B + kasin? B)v2
—kK1sinacos 3+ ka2 cosasin 3
K1 cosacosfB + kasinasin 3

.2 2
%)\H+H7 = %(nlsln B + k2 cos® 3)

%(nz cos? o + Ky sin?

1

@)
(k1 cos? a + ko sin? «)

2
%(nz — K1)sin2a.

@ The set of independent inputs: ms, An, An, As (only 4 1)

Yun Jiang (Niels Bohr Institute)

Scalar IVDM from double-Higgs portal

)

3)
(4)
(5)
(6)
™
(8)
9

11 / 20



Experimental constraints

Owr focus: light dawk matter

mg < 50 GeV
The invisible decay width for the SM-like

TYPE Il, mg<m,/2

Higgs H is

1 405,V 4m?
M(H—SS)= ——n’ 1 275
2 my ms,
1.0 ’::
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Portal coupling Ay, for the SM-like Higgs being constrained very small.
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Finding a IVDM, a really challengeable job

Applying the Higgs-quark coupling pattern into
the generic f,/f, already derived yields

Higgs Cy Cy Cp
fo fp _ mn h sin(8 — ) | cosa/sinf | —sina/ cos B
tan 3 = U my u wttana H |cos(B—a)|sina/sinf | cosa/cosf
fhEP _mapn] — wiana
fp' d mp " d
2
. . . A, m
where the weight parameter is defined by w = {4
H mj
13| 13156 X 'gyé;ss g,é's; o',a'éa
12l 12}y gis
111 1.1
Q Q
5 5
1.0 1.0{
09 09}’
" H mediator # Q h riediator
08 - 2 2 08 <N
Z085 -080 -0.75 -0.70 -0.65 -0.60 0.60 0.65 0.70 075
sina

"0,‘80
sina
The solution is very tuned and occurs in the vicinity of tan 5 ~ 1!
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Dark matter physics

ms/Tf

Qs ~1.07x10°——=1
° £/ 8% MPI Oann Vrel

Gev!

o

Light DM (ms < 50 GeV)

mp ~ 125 GeV
@ the ratio :‘7—’2’ is crucial.

@ A could beHIight, so SS — AA

opens.
my ~ 125 GeV
D Y .
gﬂssc 2 rgm(H* — XX) @ the ratio 24 is crucial.
(o 755 XX Yrel) = 4m —m2, +iTgym 2m mh'
H-h H T THTH s @ h could be light, so SS — hh
opens.
o e . R S Tam © Additionally, the pole
N hiH, H, 5 . ~ Co.
N oniH o s resonance structure is hit when
y hiH
7 N 7z N ! ~
s 7 AN s 7 AN s e ms = ’"”szz..;m 2 supsEmsa ok
mg; 4 m (m2 — m? )2 1/2
1 H H; H; ~ H;
(TS5 H;H; Vrel) = > (11— S— + 7
32(1 + §;;)wm32 2m? 16m
2
EHSSEHH;H, 8H,SSEH; SS
X |8H; H;ss + - +28cp
th H 4m - m%_t +ilgymyy l(mlz-l,- + mﬁj) - 2m§
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Numerical analysis (h-125 scenario as an example for illustration)

In fact both h-125 and H-125 scenarios could fit very well with cosmological observation.

Fully suppressed the invisible decay for the SM-like Higgs.

Produce proper relic abundance

direct detection

@ indirection detection
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Direct detection (h-125 case for example)
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@ Due to an isospin-violating cancellation between up-type and down-type quark

interactions with the DM, one can achieve a DM-nucleon cross section as low as
possible so that typical WIMP models will be ruled out by the projected exclusion
limits at the future experiments.

40 50

In reserve, the exclusion limits of dark matter direct detection will place a limit on
the value of f,/f,.
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Indirect detection (h-125 case for example)
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@ Fermi-LAT (2015) data (arXiv: 1503.02641, see Anderson’s talk) did exclude the mg > my/2
solution (bb and 77 modes in combination).

@ Due to the presence of the DM annihilation into the BSM mode SS — AA, the m, < my,/2 solution
is allowed. (To produce a proper relic density, ma > ms for all the points in our analysis.)
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What about the possibility for the supersymmetric dark matter?

Consider the SI &-nucleon scattering in the MSSM (the minimal SUSY model)

SM-like Higgs exchange (probably unlikely)

Non SM-like (light and heavy) Higgs exchange
o SM-like Higgs and light squark exchange
@ Generic Higgs and light squark exchange

The recent paper 1503.03478 investigated all these scenarios but they restrict the me1 > 50 GeV.
o
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Collider search signature (for ms < my/2 only)

o Alignment without decoupling: 420 < my, my+ < 650 GeV (very little impact by
the new limit from b — sv).

@ At low tan 8 ~ 1, so the predicted cross section will no longer have large variation.
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Which final state shall we look for? (tt is a good idea.
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Conclusion

@ The Higgs and DM sectors may be intimately connected. If so, detecting the signs
of one of sectors could shine light on still hidden elements of the other.

@ Isospin-violating effect is possible in many (but not ALL) models and dramatically
changes the analysis of dark matter direct detection.

@ However, if DM were discovered in the future, our fine study of the IVDM scenario
will determine the DM coupling strength and provide an efficient way for
experiments to discover the nature of particle DM.

g more and more complicated.
However, maybe we are approaching the correct picture step by step.
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