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There are sone experinental indications of a |Iight
WM, M~ few GV

This is likely to have nothing to do wth Dark
Matter, but the concordance is intriguing.

Here | consider a very sinple nodel that is

(marginally) conpatible with current experinents,
| ncl udi ng WVAP.

First | notivate the nodel, then | discuss sone
| ndirect constraints, nostly based on Ferm -LAT data



Current direct detection indications & exclusion limts
(very briefly)

| ndi cati ons:

DAMA annual nodul ati on

CoGeNT events at | ow recoil energies

CRESST events (Oxygen target) (still prelimnary)
COMS-11 two events, | ow significance

Exclusion limts:

« CDVG- Si
e« Xenon 10 & Xenon 100
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A zoom on the DAMA CoGeNT region and a | ook at exclusion limts
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A zoom on the DAMA/ CoGeNT region and a | ook at exclusion limts
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A zoom on the DAMA/ CoGeNT region and a | ook at exclusion limts

o, (em?)

Xenonl0 (2009) (LeffMed)

Figure from Andreas, Arina, Hanbye, Ling & MT, ar Xi v: 1003. 2595



A zoom on the DAMA/ CoGeNT region and a | ook at exclusion limts

Xenonl0 (2009) (LeffMed) Xenonl0 (2009) (LeffMin)

Figure from Andreas, Arina, Hanbye, Ling & MT, ar Xi v: 1003. 2595



A zoom on the DAMA/ CoGeNT region and a | ook at exclusion limts
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Xenonl0 (2009) (LeffMed) Xenonl0 (2009) (LeffMin)

Figure from Andreas, Arina, Hanbye, Ling & MT, ar Xi v: 1003. 2595



In LXe experiments, mapping of signal (ie photoelectrons PE) to E

recoil

depends on the so-called Scintillation Efficiency (Leff)

Problem: Leff poorly known at low recoil energies
See Collar & McKinsey vs XenonlOO0 debate
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(preliminary) dark matter exclusion limits

Notice: this S2-only exclusion limit curve is preliminary, and has not been fully reviewed by
the XENON |0 collaboration. Pending review it is subject to change.

. 3 ® Max Gap 90% C.L. upper limit
arXiv:1001.2834 between 1.6 keVr and 3.8 keVr
arXiv:1007.1005 ®12.5 live days
' ® 1.2 kg target
b ® conservative -10 Q), energy
E _ calibration
x Q‘\ o no account of resolution (this

would improve limits)

.-y

.—'—"‘_'-

i I 1 el

m (GeV/cd) 100
X

Peter Sorensen, LLMNL 16 IDM, Montpellier FR - 26 July 2010



The current experi nent al
anonmal i es m ght have nothing to
do wwth Dark Matter...

Nevertheless it is fair to | ook
for possi bl e explanations and
phenonenol ogi cal 1 nplications



A prejudice* against |light WMPs ?

increasing annihilation
cross sectipn

[E—
]
[y

o Vv ~ o2/M

Abundancy
=

“ - M ~ 102 GeV
10715 | Thermal .
[ equilibrium . \J

01 1 10 100
m/T

1 : injury or damage resulting from some judgment or action of another in disregard of one's rights; especially : detriment to one's legal rights or claims

2 a (1) : preconceived judgment or opinion (2) : an adverse opinion or leaning formed without just grounds or before sufficient knowledge b : an instance of such judgment
or opinion ¢ : an irrational attitude of hostility directed against an individual, a group, a race, or their supposed characteristics



WM - thermal freeze-out

WAP - o v ~ pbarn !

Li ght mass ~ few eV ?

New mass scal e!

Unrel ated to known/ expect ed
new physics (?)



Cowsi k- McLel | and Lee- Wi nberg Gi est -

Kam onkowsKki

Log(Q,h*)

A neutrino with
EW I nteracti ons
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Fi gure from Dol gov



Wiy | v GV Dark Matter ?

A cosnol ogi cal coi nci dence(?)

0,8, = (m,n)/(m n)~5

dm

|f m ~ few GV n ~ n
dm dm b

An asymmetry in the dark sector ?

Nussi nov; Barr; Kapl an; Gudnasson et al ; Dodel son et

al ;Kitano et al;Farrar et al; Lopez Honorez, Cosne &
MT.; Zurek et al; ...and many new scenari 0s Since
recently



1. B-L asymmetry
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1. B-L asymmetry
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Here, a very sinmple, conservative nodel (ie a WM)

A real scal ar singlet nodel (SM+3)

L3 59598 - Eyﬁ.sz ~ 154 ~ M H'HS?

| ntroduce an ad hoc parity (wvwth SM dof even)
S - -S
Al so assune <S>=0

Si1s adark nmatter candi date wth nass

Silveira & Zee '85; McDonal d '94; Burgess, Pospelov, ter Vel dhuis '00;
Patt, Wl czek '06; Barger et al '08;...



Wiy is this st... hum sinple nodel iInteresting?

Motivation #1: the simplest instance of Higgs
portal

Motivation #2: a one-to-one correspondence between
anni hilation (ie VWAP) and Spi n-1ndependent (Sl)elastic
scattering (ie DAVA/ CoGeNT)

Motivation #3: dramatically affects Higgs physics

Motivation #4: potentially large indirect signals

— « works », but falsiable model



Motivation #1: an instance of Higgs portal
(Patt & W czek)

g TIal il <— Higgs e Visible Sector
Sector

e.g. Inert Doublet Model
(Deshpande,Ma;Barbieri,Hall, Ryshkov)

WIMPless scalar (Feng et al)

SO(10) framework (Kadastik,Kannike,
Raidal)



Inert Doublet Model

The nost general (CP & Z conserving) potenti al
wth two H ggs doublets iIs

V = pd[Hi” + 3| Hal” + M Hy[* + ol Ho|* + X  H || Ho

| o T
+\|HIHo? + 5“ (HH,)? + h.c.

Spectrum
M2 = A V?
h 1 i
_-"IIE—JF = ,u% + Asgv” /2,

ﬂir‘?__rn = p:% -+ L\}'LS_ + A+ ,-j'n5jll-‘2_..-"12
M3, = p3+(As+ M=)’/

1v? /2



G obal custodial SU(2) symretry if M = M, or

M= M
H+ A0
(Gérard, Herquet)
Custodial
M, Symmetry e (g A, (H)
/
A
| arge gap ~ A V2
Ho’ Ao
\/
Hy(A)
2 4
H, A, H ——

Effectively H or Abli ke a
scalar singlet S

(Andreas, Hanbye, T.)



Possi bl e enbeddi ng 1 n UED nodel (Z

| S
2
KK-parity), but wong spectrum..
650 650
te
600 [ Q - 600
— ) b,
=
950 -1 550
il: L T,V
500\ ) "1 500

figure from Hooper & Profuno



Motivation #2: a one-to-one correspondence between
anni hilation and Spi n-1ndependent (Sl)elastic scattering

Anni hi | ation Scattering (SI)
DM f DﬂJ\\k\Tf’//EMJ
/
_h_ ),
DM f N/\\N
F ki m}% 2 2\3/2 Low ener
— — — gy
G(SS— ff)vrei A - mimg (mg mf) Vit
?\.2 Ju2
6(SN — SN) = —L_Tr 2,2
( ) T mﬁm%f my
R:ZG(SSHff)Vref _ Z ”c”"‘_;zf (mg—m}%)a/z Rati o depends
- % o(SN—SN) Z frm2 2 mg only on M
\ Hi ggs- Nucl eus coupling... large

uncertainty (f ~ 0.1-0.6 @ 20)

f m = <N|z m qqIN> = g__ Vv



VAP DAMA region fromPietrello & Zurek '08
(wth channelling & standard hal o)
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S. Andreas, Th. Hanbye, MI ' 08



_P DAVA region fromPietrello & Zurek '08

DANA \ (Wi th channelling & standard hal o)
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Volume 1618, number 1,23 PHYSICS LETTERS 24 QOctober 1985

SCALAR PHANTOMS

Vanda SILVEIRA'? and A. ZEE
Department of Physics, FM-15, University of Washingron, Seartle, WA 98195, USA

Received 17 June 1985

We show that, by a minimal modification of the standard SU{3) = SU{2) = U(l) theory, we can account for the dark matter
of the universe. With a reasonable choice of an unknown coupling, the galactic mass scale emerges. We comment on the
prospects for laboratory detection of the scalar particle involved and the possible production of anti-protons in cosmic rays.

A striking prediction of the inflationary uni-
verse [5] is that £ is equal to 1. The X particle
could saturate £ if my = 0.75m . (Let us first
take h to be 1.) Thus for my in the range 10-30
GeV, the condition {1 = 1 requires that m, lies
in the range 7.5-22 GeV and the freezing
temperature T; is in the 0.3-1 GeV range. The
value of N cited above is roughly the value



Concordance wth CoGeNT and/ or DANA

1073 —
m‘*‘”:
qu
104
Singlet scalar
Candidates with
WMAP abundance
10~ —

Andreas, Arina, Hanbye, Ling & MT.
ar Xi v: 1003. 2595



Concordance wth CoGeNT and/ or DANA

1073 —
m‘*‘”:
£
Cb
10741 |
Singlet scalar
domain
consistent with
1072 WMAP abundance

Andreas, Arina, Hanbye, Ling & MT.
ar Xi v: 1003. 2595



_ QCD phase transition
Concordance wth CoGeNT and/ or DANA
Smaller g eff
— higher abundance
—~ need larger
coupling

10739 ——

150 MeV
300 MeV
500 MeV

Tc
Tc
Tc

10”% :

a, (em?)

lﬂ——*ll I

Singlet scalar
domain
consistent with
WMAP abundance

lﬂ—-“l-? | I

Andreas, Arina, Hanbye, Ling & MT.
ar Xi v: 1003. 2595



This Is consistent with ot her

Fitzpatrick, Hooper & Zurek

Ar Xi v: 1003. 0014

Ef fecti ve operators approach

Bar ger ,

McCaskey, Shaughnessy

Ar Xi v: 1005. 3328

Conpl ex singlet scalar

Effectively a real
si ngl et scal ar

recent wor ks

o5, (b)

1G-E | | |} |
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Remark : Afermon (Dor M singlet with H ggs does
not work

DM DM\\]/,/

P odd

initial h

state if - - -

S-wave
y2 @ 2 2\3/2 P- wave

G(qﬂp_’ff)vrel = ”ci N (mw mf) — suppressed

16T v mn, My

Thus | arger
abundance

Typi cally needs ot her channels

e.g. light neutralino
(Bottino, Donato, Fornengo & Scopel;
ot hers)

Andr eas, Hanbye, MT.



Di rac DM candi dat e?

Fitzpatrick, Hooper & Zurek
Ar Xi v: 1003. 0014

Ef fective operators approach

Manbrini Ar Xi v: 1006. 3318

Dirac fermon with a

light Z

K if use the Z° pole to
enhance the anni hil ati on
Cross section

| v i I o] | v i
Dirac Fermion, Vector In

Opyh?=0.11

i e

- ———
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—— s N
e

Tt I —

.......
--------

t.:

50

;

15 m
P

(GeV)



Motivation 3: affects Higgs physics

| nvi si bl e H ggs decay at the

LHC S
hi ggs /
\\\\\S
For i nstance I\/IS = 7 &RV :
For . = 0.2 and m = 120 GV
S hi ggs

BR(h — SS) = 99.5%

For xs = 0.55 and %ggsz 200 GV
BR(h - SS) = 70%

Andr eas, Hanbye, MT.

See al so Burgess, Pospelov & ter Vel dhuis; Barger et
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90 % for CoGeNT wth



Invisible Higgs search?

Most promising channel@ LHC is Z-

boson associated production
ie

di-lepton + missing E_
(Jets + missing E_ is much less

Important)
(Eboli & Zeppenfeld)

Remark: similar problematic for
NMSSM light WIMP scenarios
(Gunion, Hooper & West)



Motivation #4: potentially « large » indirect
signals

0 HORI ZON si nul ati on
At hanassoul a et al

dd,, 1 1 (ov) /Em AN, / ,
LA Y BR; dl .
B T Smdy Je 2E @ M
iHEpW ~ ASTRO
Anni hilation rate ~ n “~ 1/m “
dm dm

Fl ux of gammas, neutrinos, positrons A~/



Constraint # 1. gammas rays from dwarf spheroi dal
gal axi es (dSph)

+ Largest gal actic dark matter subhal os (we believe)

+ Low gamma-ray background

- low statistics

—p analysis by Ferm -LAT col | aboration, 11 nonths of
data, with 95% CL on gamma flux from M | ky Wy
dwarf spheroi dal gal axi es (dSph)

« 14 best candi dates dSph

« short distances (< 150 kpc), high latitudes
for | ow background (-30° < b < 30°

« dSph nodel | ed as poi nt sources
« No observation of gamm from dSph

95% CL limts on DM (based on NFW profile)



95% C.L. limts on flux from dSphs between 100 MeV < E < 50 GV

100% i n b-bbar 100% in t° T
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3 3
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—
=
2
—L
=1
=

L gl L L L5
102 10°
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But only published imts for M> 30 GV neutralino
and KK-dm candi dat es

Figures from Ferm - LAT; Abdo et al, arXi v:1001. 4531



New [imts on the ganmma ray flux from dSphs froma |ight scal ar

singlet wiwth WMAP cross section

Ursa Minor Draco
ms and BR ®rea(cm 2871 [P ECL (cm 2571 ) [ @ rea(cm 2571 [ B2 (cm 257 Y)

10 GeV
BR(SS — 7777) ~10% | 85x107 » 7.8x107' 1.6 x 107° 1.6 x 107°
BR(SS — bb + ce) ~ 90%

6 GeV
BR(SS —»7777) ~20% | 15x107° > 2.8 x 1077 >
BR(SS — bb+ cc) ~ 80% _—Y

Qur predicted fluxes
but tentative (e.dqg.
energy resol ution,
acceptance, ... not
taken into account)

Fer m - LAT dat a

Andreas, Arina, Hambye, Ling, M.T. (arXiv:1003.2595)
See also Fitzpatrick, Hooper & Zurek

Qur (naive) extrapol ati ons based on



Fromthe talk by Maja LLENA GARDE (Ferm - LAT) @I DVO10

. UL SigmaV (Best fit + 2sigma Minos error) vs Mass

]_D r - T - - - - ™ - - -

' —— Combined likelihood limit
—— "Average" of individual limits

= BEZE

Prellmlnary

<-_ _— _i_ - WAP abundance

1 . .
10
10" 10° 10°
Mass (GeV)

St acked analysis — stronger limts: |ight candi dates
I n b-bbar excluded @95% CL

SigmaV: Best fit + 2sigma Minos error (e-25 cm™3 / s)




Constraint # 2. lsotropic extragal actic ganma-ray fl ux
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Figure fromCh. Arina, MT. (2010)



Constraint # 2. lsotropic extragal actic ganma-ray fl ux
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Uni verse essentially transparent for E < 10 GV
ganmma-rays in the Ferm -LAT w ndow (i n pink)
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Constraint # 2: Isotropic extragal actic gamma-ray fl ux
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Figure from Ferm - LAT
Abdo et al arXiv:1002. 3603 _
Predi cted fl ux,

Fig. fromCh. Arina, MT. (2010)



Constraint # 2: lsotropic extragal actic gamma-ray fl ux
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Further uncertainty fromthe
choice of DM profile (here NFW
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95% CL (from no excess in any single bin)

Consi stent with nmany ot her works, sone pre-dating Ferm -LAT

(Abdo et al; Profunob & Tesla; Beacon et al; Yuksel et al;...)



Constraint # 2: lsotropic extragal actic gamma-ray fl ux
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Usi ng the one-to-one correspondence between the
anni hilation and the SI scattering cross sections

Z o(SS — ff)vre _ Z ncm?r (m% — m?)ﬂﬁz
- o(SN — SN) - f2m3 pu? ms



Constraint # 2: lsotropic extragal actic gamma-ray fl ux
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Further constraints: the Diffuse Galactic Hal o

DM exclusion limits (2)

FROM ALESSANDRO CUOCO S TALK @ | DM2010 ( SEE ALSO B. ANDERSON)
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*bbar constrain are also weakly dependent from the DM profile

*Thermal freeze-out cross section probed for low DM wimp
masses.
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Further constraints: the D ffuse Galactic Halo

DM exclusion limits (2)

FROM ALESSANDRO CUOCO S TALK @ | DM2010 ( SEE ALSO B. ANDERSON)
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*bbar constrain are also weakly dependent from the DM profile

*Thermal freeze-out cross section probed for low DM wimp
masses.



Neutrino flux from~ GeV DM captured i n the Sun
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Figure from
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Generic, see also Kumar et al: Freese et al



Limts from Panela data on antiprotons in cosmc
rays
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Figure fromE. Nezri, G Vertongen, MT.
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Renmark: a light WM coul d be good for
sonmet hi ng el se

Big Bang Nucleosynthesis and Particle Dark Maller 11
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Figure 3. Dark matter annihilation rate versus dark matter mass. The blue band
shows parameters where %Li due to residual dark matter annihilation may account
for the ®Li abundance as inferred in HD84937 (°Li/"Li= 0.014 — 0.09 at 2-o),
whereas the orange-red-green-vellow region shows where TLi is efficiently destroved
ie. "Li/H< 1.5,2,3, and 4 x 107 %, respectively. Above the lower (upper) dashed
line D/H exceeds 4 x 1077 (5.3 x 10~ ?), such that parameter space above the upper
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Conclusions

Singlet scalar nodel, but quite generic results

May be consistent with CoGeNT and/ or DAMA (or CRESST for that
matter) and WVAP t her mal abundance

Chal | enged (to say the least) by other direct detection
experi nents

Dramatic i nplications for Hi ggs search (invisible decay)

Al so potentially strong indirect constraints from Ferm - LAT
data, possibly excluding this (category of) nodels



Prospects?

Alight WM requires a new nass scal e

This problemis worse for a scalar field ... New ideas?

Expect nore constraints from gamma-ray observations, but also
fromother indirect signatures (sone not worked out yet, |ike
synchrotron radi o em ssion)

These constraints are easely evaded by Asymmetri c Dark
Matter. But then how to probe this scenario?
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