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Abstract: The simplest singlet Higgs-portal dark matter model predicts large/dominant Higgs -&gt;2 DM decay widths in the region of parameter
space with m_DM &lt; m_h/2, and Higgs mass below 140 GeV. On the other hand, the direct detection experiments such as Xenonl100 put stringent
constraints on the scattering DM-nucleon scattering cross section and seemingly exclude large part of the parameter space where the invisible Higgs
decay dominates over visible modes. | analyze the robustness of this statement in the next-to-minima models to show that the relation between
invisible Higgs width and dark matter cross section does not hold in general. | discuss a number of theoretical scenarios where WIMP abundance is
regulated by the Higgs portal, the direct detection signals are small AND Higgs decay width is dominated by the decay to dark matter.
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Questions for today’s talk

It 1s known that Higgs decay to Dark Sector can hide (or bury)
the SM modes of Higgs decay. Can one use constraints from
direct detection and rule out this possibility?

WIMP detectors are sensitive to nuclear recoil (or energy release
in general) caused by WIMPs. Can they also be sensitive to
other types of new physics that is unrelated to dark matter?
Could DAMA/CoGeNT/CRESST hints be cause by something
else than WIMPS?
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. Intro. Different classes of WIMP and Super-WIMP DM.
. Minimal model and h->2DM vs Opy,

Deviations from minimal model with h->DM = 100% and
Opn=U

3.1 pseudoscalar Higgs portal

3.2 split WIMPs

3.3 secluded WIMPs

3.4 super-WIMPs

3.5 SUSY examples

. If you see a signal in direct detection, 1s it a WIMP? A case for

the “baryonic neutrinos™ from the Sun.
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Atomic nucleus centennial

The discovery of atomic nucleus created the
first missing mass problem:

A>L.

).

Or why 1s M, jes > Z M0,

What accounts for 50% or more of the
missing mass in a nucleus of an atom?

utherford’s own suggestion — tightly packed A-Z electrons on top of A
otons inside the nucleus — was soon shown to be incorrect via the
udies of hyperfine structure of e.g. °C. A wild theoretical suggestion
as floated — a new type of particle, electrically neutral. with spin 2 and
rong Jnteraction with protons.
iret DM — nenutrons — are now the worst eneniies of DM detectors
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Conventional WIMPs
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Collider WIMP pair-production
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eak scale annihilation cross sections imply weak scale scattering and
eak scale production. There 1s 2<->2 logic behind this statement

cluded WIMPs (MP, Ritz, Voloshin; Finkbeiner, Weiner) —
niihilation to mediators followed by mediator decays to SM remgygs
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WIMP variations

Annihilation signal Collider signal Scattering signal
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Old literature on the subject
Ilveira. Zee (1985); McDonald (1993); Burgess, MP. ter Veldhuis(2000)

M through the Higgs portal
- ’I s*+ 2052 L A’ HH
As 1 A
= T‘) + +1m“ TAIE“ )82 + Mvpw S2h + -S h*

1ere is a rigid link between Higegs -> DM decays and direct-detection
scattering signal. R = gy noged/ (I'sv modestT DM modes)
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New Literature — same conclusion

mmmer 2011:
lambrini;

aidal., Strumia;

~G. He. Tandean;

X, Harnik, Kopp. Tsai

gnificant invisible width of light Higgs (e.g. R<0.5) implies
discoverable level of cross sections for Xenonl00. Not seeing
nuclear recoil at Xenon 100 implies that “Higgs 1s safe”.

2011 experiment comes tantalizingly close to be able to probe Higgs
in the plausible range (e.g. below 150 GeV), and be able to determine
if 1t mediates scattering of DM on nuclei.
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How robust is this conclusion?

itz and [ study the connection between h->DM vs direct detection by
stepping away from the most minimal model.

ption 1. Why don’t we choose models of particle physics that
beautifully address the hierarchy problem and make connection with

Stl‘il'lg tht‘.()l'yq (e.g. by doubling the number of degrees of freedom and increasing the
number of free parameters to over a 100 (most of which are toxic to known phenomenology.
and hence have to be chosen 0). while maintamning better-than-1/100 tuning in the Higgs

sector and making sure that no signal at LHC is still OK)
ption 2. Why don’t we choose models of particle physics that still fit in
one line?

I go with option #2 <- Looks better motivated at this point
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Generalizing Higgs portal

couple of scalars S: one fermion N

ortal — HTH (*'LSJ Ll /\"-';J Si‘S’J) . Ehid = {-'”1_\’ T ﬁisi)*{:\- L jrs*i'k-ﬁAT - 1'—(_51h

‘e concentrate on light-ish DM, between 10 and 40 GeV, therefore
having i1t as a SM singlet 1s a good 1dea.

it possible to have R<<lI,and o, . ... ... tiny?

it is not possible, then invisible Higgs (decaying to 2 or more DM
particles) implies that Xenon 100 will get lucky soon. No luck at
Xenon 100 means no “DM danger™ for the Higgs.

simple models allow for H->DM being dominant. and avoid direct
derertion, one has to get more and more serious about [perhapg. =
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Scenario 1: conventional WIMP — CP-odd portal

lain features: § — mediator, mixes with h; N — DM particles
L= (H H)(AS + \S%) + BSNiysN
ombination Ap breaks CP, but in the dark sector. Annihilation cross

section -y 2 .
._ 37 (mb> m3y

(oV) NN—sM = 1 | — ~1pb
T \Mp m;,
: > 1o {20 GeV)©
quires Ap ~ 10 x
e N

ippression of Higgs visible widths, R < 0.001. Elastic cross sections are

hopeless. suppressed by

.

.'J u" 1'_|
) 1 Wi q E A E i Am =
ol e e 3 S B oy -
2T

1 -
m, Amg, + mp
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cenario 2: “Split WIMP” — two-scalar model

- 1.3
=Y s (Ai_;,{_H'H)—GJIQ)SJ

. i=12

lain features: DM from §,, which i1s 10% or so lighter than S, : Co-
annthilation enabled DM with hierarchical pattern: Ao > Ao, Ay

J. : =, P B
b = —;(rnfbi‘ + m5.S55)
)

+h(A157 + 20125152 + A2255)
o-annihilation works if A7, = 107°
atural path to this hierarchy A ~ diag(0. A22), mi, < m3 —m3
sulting in 8 ~ m?,/(m3—m?), Ap ~ OA22: 11 ~ 6% g
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Scenario 3: Secluded WIMPs

lain features: Higgs decays to mediators S: DM N annihilates to
mediators, 2N->28., mediators decay back to the SM. §->5M.

£L=H'H(AS + AS%) +aSNN
squirements: my>mg., a, A~ O(1), Alvev << [.
iggs is either ‘hidden’ or ‘buried’, depending on the lifetime of §.

irect detection is suppressed by (A/vev)A2 that can be arbitrarily small.
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Scenario 4: Super-WIMPs

lain features: DM N is never in thermal equilibrium and is populated at
some later stage from § decay. (Replica of NLSP->LSP gravitino
model).

L=XHH)S? +aSNN —V(S)

o < 107%%, then direct SM->N transfer is unimportant.

2m N

2l ;’lmi n

oupling A i1s chosen from the requirement =
here A, 1s a coupling in the minimal model that gives correct DM
abundance for § if it were to remain stable.

11s is particularly “signature-poor” model. Worse than gravitino model
because §->2N occurs “in the dark™, no SM energy injection.
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SUSY portals — same story

MSSM type models can have all the above possibilities:

W = AsH H2S + msS® + (M + aS)N?

CP-odd portal: a—real, arg(p™As) = =7 /2.

Split WIMPs: two N states required.

Secluded WIMPs: m <m,, A¢is small.
Super-WIMPs: a is tiny, S° term in the superpotential

is easy to have a decoupled SM superpartners. and have the lightest
SUSY SM-like Higgs A to decay to Dark Sector.

B: if you insist that DM 1s MSSM neutralino, then it is much harder to
make Higgs decay invisibly, and not have other drastic
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Conclusion |

1e answer to the 1*' question:

wasy  extensions of the minimal scalar model can easily destroy tight
connection between invisible Higgs width and direct detection, which
1s present in the minimal model. As the LHC integrated luminosity
goes up (above 10 fmb'), serious attempts to search for the H->Dark
sector must be undertaken.
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If you see a “DM-consistent” signal in direct
detection, does it have to be WIMP?

punter-examples:

Super-WIMPs that get absorbed by electronic shells
oes not look like nuclear recoil. does not modulate with season)

Axions (+ other light exotic particles from the Sun). Again, more like
the electron recoil/excitation. Can be distinguished from WIMPs.

Solar neutrinos scattering on nuclei. Normal ~ G induced scattering
of solar neutrinos 1s too small by a few orders of magnitude. But
what if solar neutrinos oscillate into new states that interact stronger?
One should expect additional signatures in neutrino detectors.

[P, 2011 to be published in PRD.
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New Baryonic Currents and “Semi-
sterile” neutrinos

[f there is a 4" neutrino, sterile under standard EW interactions,
but very interactive via new baryonic currents unexpected
phenomenological consequences show up:

Signals at direct Dark Matter detectors at low recoil

New “neutral-current-like” events at fixed targets/neutrino
beams

New signatures at neutrino detectors
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The model of “baryonic neutrino”

* (Consider a new “neutrino-like” particle coupled to
baryonic currents:

| 1 1

L = —I‘.j - sz-lf + .10, +gV,) n+ Z gliDsar + Eﬂb-uilx:”f + L.

1

At the nucleon level we have a 1sosinglet vector current:

l F = > == -
SVeds DT — @Viu(Brp+avnn) + .
o

These properties suppress standard neutrino signals and
enhance the elastic recoil. Let us introduce an analogue
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Oscillation of 2B neutrinos into v,

* Suppose the mass matrix is such that some part of the solar
neutrinos oscillate into v,.

At the Sun location we have (“+ is an appropriate mu-tau neutrino
combination that participates in solar neutrino oscillations)

_ L 2 : _
P.(Sun) ~ —3 P.(Sun) ~ —3 Fi(Sun) = 0.

* At Earth’s location one can easily have a more complicated mix:

AmiL(t)
Py(Earth) = sin®(26 ) sin” [ nfle }
1 AmZL(t)
wrth ( sin”(26, ) sin” [ 5 ])

AmiL(t)
1 — s )ﬁ | S . Page 20/28
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-ffective interaction and enhancement of
elastic channels

How much signal you would have is given by
Probability of oscillation * interaction strength

NZ% = N? x = x sin?(26;),

b | -

Despite N being very large, say a 100 or a 1000, standard neutrino
detectors will have hard time detecting v, because nuclear excitations
and deuteron breakup due to iso-singlet vector are extremely inefficient

Ou,—Nuel | €lastic) A2 108
T —Nucl‘: melastic ) EL R'{ '

For calculation of the neutron signal at SNO and C(4.4 MeV) signal at
Borexino, see. MP, 2011.
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Importance of different couplings for
elastic and 1nelastic scattering

Inelastic scattering | Elastic scattering

Isosinglet vector g_V*0 4 (looser) 1 (winner)
Isovector vector g VA1 2-3 2
Isosinglet axial g_A™O 2-3 3-4
Isovector axial g A*1 1 (winner) 34

If in SM isovector axial coupling would have been zero, there
could not have been any SNO NC signal.
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Inelastic processes are suppressed

Even if coupling”2 1s enhanced by 10000, the NCB process is just
about 10% of the SM NC process at SNO:

effective G| e
\ MeV )
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Morphology of v, recoil signal
Verv similar to sub-10 GeV scale WIMP:s.

Somewhat softer at the highest recoil, hence may be “safer” from
strong Xe, Ge CDMS etc constraints where threshold is higher

Has a chance of “explaining CoGeNT and/or CRESST signals™.
Can be a correct magnitude and not too bad a spectral shape.

Will show difference with the low-mass WIMPs if a lighter target
(e.g. He) 1s used. Neutrinos will give more recoil on He. while

WIMPs will give less.

What about “DAMA modulation signal™? After all, the Sun was
closer to Earth in January — hence anti-modulation compared to
DAMA

See J. Pradler’s talk for more details
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“Just-so” phase reversal

* If oscillation length 1s comparable to the Earth-Sun distance, the
phase can be reversed, and more neutrinos will armive n July.

vy Boron-8 neutrino spectrum with “just so” Am

0.25 -
Most relevant
0.20 energy range
< >
0.15 A
v fhux distribution ] H
0.10 q
0.054

0.00

X 16 12 14
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Conclusion i

suggested that direct detection “DM” signals may be coming from the
oron-8 neutrino oscillating into new state, sterile under normal weak
teractions, but very much charged under the gauged baryon number.

wrprisingly, the model allows for coupling constant much stronger than
¢ — and this 1s because the SNO, Borexino and other solar neutrino
(periments are very insensitive to the i1so-scalar vector coupling of
*utrinos.

1e model has less uncertainties than DM (spectrum of B8 neutrinos 1s
r better known than DM velocity structure), and can be searched for/
nstrained/excluded within a reasonable time frame.
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