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Sumwmary

* Two Hidden Sector Park Matter Models
* Hidden Sector to SM via higher dim ops
* Asymwmetric Park Matter
* Hidden Sector to SM via kinetic mixing
* Pulsars as source of WMAP haze
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Schematic of a hidden
valley

(Heavy Mediators)

_Ommunicatol

Light
No SM charges
Often light by relation to profon
mass
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Baryon-VPM coincidence

In standard picture, M abundance set by thermal freezec
Fann = H

What if instead set by baryon density?

Experimentally Qp, =59, $.M. Barr, 0B. Kaplan
Find mechanism npa =np
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Not yet ruled out...
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Baryon-V/M coincidence

In standard picture, M abundance set by thermal freezec
Fonn = H

What if instead set by baryon density?

Experimentally Qp, =59, S.M. Barr, 0B. Kaplan
Find mechanism npy = ny
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Not yet ruled out...

Petriello, KZ
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A hidden valley-like solution
to Baryon-PM coincidence

U E. Kaplan, M. Loty KZ

Integrate out heavy state X2LHLH

Effective operators: L= MA
X?udd

= M2
X?LH

W -
M
X

Dark sterile state,
fundamental or
composite

Standard Model
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Baryon-VM coincidence

PM carries lepton or

PM carries lepton
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A wmodel %.E. Kaplan, M. Luty, KZ

One example, many possibilities

baryon number

nomber L = 1/2

X‘ER

W—_—- Z(HX—R‘?)?ERL—HE

1. Operator transfer lepton asymmetry fo
™
2. Petailed calculation

0
mx ~ 2.4 GeV (ZM ~ 11 GeV
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Baryon-VM coincidence

V.E. Kaplan M. Luty KZ

A model
One example, many possibilities
PM carries lepton or X 2LH
baryon number =
: 3. Operator goes out of equilibrium before
UM carries lepton PM becomes non-relativistic, preventing
number L = 1/2 XX -> nu nu, washing out asymmetry

4. Awnnihilate thermal abundance:

nDM ok T3 2 o 10_1ﬂT3Page 12/49
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Operator drops out of
equilibrivm
* A M > 107 GeV

* B. Small femperature range where
naturally happens for M ~ 1 Tev

* e.0. ¥ > 1 fuay?
e g ve— XX (5 — XX)~ o = (L“) M.
nx 167 \ M

i 5 m5/4ﬂ
* also XX —opXX ( )z(ms-;; )‘*Tu‘
l ”!I;IHB
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Baryon-V/M coincidence

V.E. Kaplan M. Luty, KZ

A model
One example, many possibilities
PM carries lepton or X ’LH
baryon number — M
: 3. Operator goes out of equilibrium before
UM carries lepton PM becomes non-relativistic, preventing
nuomber L= 1/2 XX -> nu nu, washing out asymmetry

4. Annihilate thermal abundance:

nDM d T3 b lﬁ_ lﬂT3Page 14/49
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Operator drops out of
equilibrivm
* A M > 10”7 GeV

* B. Small temperature range where
naturally happens for m ~ 1 Tev

* e W 1/ ;. 1 s y
oo il P — XX) ~ 2o (35) me
nx 160 \ M

T 5 m,;/‘l(]

* also XX -opxx AN )*Tu‘

™ 16 \Ba2
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Baryon-PM coincidence

0. E. Kaplan, M. Luty, KZ

A wmodel
One example, many possibilities
PM carries lepton or . X ‘LH
baryon number sEssaysEs
: 3. Operator goes out of equilibrium before
PM carries lepton PM becomes non-relativistie, preventing
number L = 1/2 XX -> nu nu, washing out asymmetry

4. Annihilate thermal abundance:

RDM et T3 il 10_ IﬂTﬁPage 16/49



Operator drops out of
equilibrivm
* A. M >10° Gev

* B. Small temperature range where
naturally happens for m ~ 1 Tev

* sl 1/ " 1 ; -
ed. v > XX F(5 o XX) ~ %] (cu) =
nx 160 \ M

T :S m,:./4(]

* also XX -opxXx | () (5 )*Tu*

= 16w \ 322
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Annihilating thermal
abundance

Npay ™~ Y it 10_10'T3

* Extrarelativistic states (Goldstone)
mx X X e/ s < 200 GeV sufficient

XX —aa
* Qr heavier Goldstones, which then

decay, as in NMSSM

AW = AxSXX 4+ \gSH,H; + %.3'3



Annihilating thermal
abundance

Npan ™~ / o gmas 10_10T3

* Through heavy mediators

+

/e
i \ H*/ mpy [y < 200 GeV

1111111111111111

R

~e % Tight constraints!



Simple UV completions

* EW singlets

AW = MNN + XNX?2 + y/NL,H,.

* EW doublets

AW = MDD + NXDH, +y.L;DX.
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Baryon-PM coincidence

V.E. Kaplan M. Luty KZ

A model
One example, many possibilities
PM carries lepton or e ’LH
baryon number FSsasen
: 3. Operator goes out of equilibrium before
PM carries lepton PM becomes non-relativistie, preventing
nowmber L = 1/2 XX -> nu nu, washing out asymmetry

4. Annihilate thermal abundance:

nDM et T3 b 10_1ﬁ11:iPage21/49
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Simple UV completions

* EW singlets

AW = MNN + XNX? + y/NL,H,.

* EW doublets

AW = MDD + NXDH, +y.L,DX.
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Annihilating thermal
abundance

Npax ~~ TSI T 10_10T3

* Strong dynawmics

* Less stringent because only require
~ decay, not annihilation

o1
wlmm a.! W = Tf)ld}gLH
Symwmefric part decays M

* X states become v1v2 HV bound states

Kanlan Llutv K7 in nroarcee



Implications for

colliders
* MSSM LSP is not stable!

X?LH
W —_— 2(ﬂx—ﬂg)’a‘:'ﬂL—'ﬂE
M
Qpar
myx =~ 2.4 GeV 0 ~ 11 GeV
b

v
/
X o sadim T
At
X X

evbn® — KX X) ~ mm ( M )2 ( mg )'1 ( my Y-
b s 10° Gev /) 200 Gev) \ 100 GeV




Collider signatures

q X2udd
e e W =
X . i M?2
q/q[
s M \* m 4 .o =9
v — gga X X) ~0.3 ( ) ( ) ( . )
SFOE a9 T Tev) 500 Gev/ \100 GeV

) | M 4 m 2 mx =
er(X — Xqgqq) ~ 3 mm (TEV) (500 Ge\«") (100 GeV)

Missing enerqgy largely reduced



Schematic of a hidden

sector
(kinetic mixing)
Light
No SM charges

Naturally light by weak coupling fo
SUSY breaking
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A model to explain the
signal

Fayet

gufp ~ 1077
s / ¢ sikCoincident PM, mediator masses
= N{VW\< >kSmall couplings
= - >kLight (scalar) PM
} / f sikAny particle physics motivation?

gupp ~ 0.1
my ~ 5 MeV



A model to explain the
signal

Fayet

Hidden sector

sikCoincident PM, mediator masses
>Small couplings

siLight (scalar) IM

>icAny particle physics motivation?

gupp ~ 0.1
my ~ 5 MeV



Kinetic Mixing
Mediation

* Secluded PM,
Pospelov, Ritz,
Voloshin

* Small coupling
to SM due to
kinetic mixing

(rrs g ™

JT
@\V)/f<

gupp ~ 0.1

s



Natural Supersymmetric
MeV /M

Maark ~ XMSUSY
X = 9ubDguff

Hooper KZ 0801.3664

gu sy ~ 107°

D
X ~ €QupD9y >\N\M§Mf< SM
V y -
D
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“Little gauge mediation”

Wp =ASDD Hooper KZ 0801.3664

* Two loop graphs
* |ntroduce -m 2 for [ break U(1) P

with <>
it g _Hf'ﬂﬂgf'ff SR ,-ﬁ%_i_
¥o. 128?1'4 f = - f_.!

|’ -
i = 3 o fr*-' =
=t ( 3 x 105 10 TeV

My = QL.-'DD(D)

* All superpartners obtain MeV
masses (though light axion)
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Natural Supersymwmetric
MeV IM

Hooper, KZ 0801.3664
gy ~ 1077
/’\ B
Mdark ~ XMSUSY =N
X = 9uDD3uUff WA/Af<

gupp ~ 0.1

X ~ €GubD39y >mmvw<
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“Little gauge mediation”

Wp =500 Hooper KZ 0801.3664
* Two loop araphs
* Introduce -m’2 for R breakU @ - 7 :
with <> J
my = —yﬁ_ﬂﬂg%_ﬂ- m* log Ay ‘
glimSE 128 14 e e £ " r e

> RN S m;
e el Guppgt ” f
ot ( 3 x 10-5 10 TeV
My = QL:'DD(D)

* All superpartners obtain MeV
masses (though light axion)
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Comwunicate to SM
through kinetic mixing

Hooper KZ 0801.3664
Nt e g i 4
Pl L—kzn e XB#VUP
% Messeng

Messengers must give positive
00“1. ri h"fion s! Page 35/49



Somwerfeld enhancewment
and dark forces

e
——

b - 8 ]
L
10.-_""- - H'—'-.._\jnhﬂtf

QI p A Z, m¢ ~ ] — 10 GeV E g,
= WS

|
* Light mediatorsare : . : 3
L = & 51

natural in hidden = —— $
supersymmefric B e~
models!




P-term mediated

Baumgart, Cheung, Ruderman, Wang, Yavin, 09

* Not through two loop graphs “F-term”
mediated

* From hypercharge P-term induced from
Higgs vev

= 1 ¥ i :
Veauge = §D$ + §Dj — €Dy Dy, + gy Dy Z Qi IHilz + gy Dy Z 4 Ihilz

l'igm:ge 3 EDyCDY> = ‘EDy
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P-term mediated

* Problem with late decays to gravitino

162 (F)? gy o
= WEIRE g U
= VB Y 1GaV\® £ ¢ \E 102y ? :

S (W (m—) (m') (—) e~

* Generically, lightest state in hidden
sector should be heavier than gravitino,
otherwise problematic

* Probably need some sequestering
Katz, Sundrum 09



The WMAP Haze

. 2 Finkbeiner
* ls rr the res Finkbeiner and Pobler 2007

* Lots of background
synchrotron
radiation, from dust

* What cavses it?

* PM annihilation to
charged byproduets

- . 2 % 2 0os}
which radiatein * | .l
magnetic field? \Q\ —

w- fooper Pobler Fihkhgaig!usglfg 2007
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The WMAP Haze from
M

* Magic thermal Q.h% = 0.114 + 0.003
annihilation e
cross-section (o

94 CIII?’

i e ov = — e 3 1"
* Getsright relic 70~ |2 9> :
density

* Pensity profile, Magneftic

=Reeoaany field profile, ratio of energy
* But anmhl!ahon lost by inverse Compton o
cross-section synchrotron
quite dialable *+ Several orders of

mannitude in prnec-ecoptinn




The WMAP Haze

- Yi Finkbeiner
% ls IT The re: Finkbeiner and Pobler 2007

* Lots of background
synchrotron
radiation, from dust

* What cavses it?
* M annihilation to

charged byproduets . "
which radiatein  *._ | .- .
3 ? Mgy (Ge
~RisES mag"et'c ﬁeld ; b\ w-  Hooper Dobler Finkbeiner 2007
|
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The WMAP Haze from
M

* Magic thermal Q.h? = 0.114 £+ 0.003
annihilation o 210
cross-section

g 26 CI’

* Getsright relic o~ Tz =310 7 —
density

= Pensiﬂ;Eroile, Magneftic

e field profile, ratio of eneragy
* But anmhl!aﬂon lost by inverse Compton to
cross-sectfion synchrotron
quite dialable *+ Several orders of

mannitude in pronee-eppatinnm




WMAP Haze from
Astrophysical Elec’rrons7

* Total flux of synchrotron <: ot
* Angular profile from Bl e e,
galactic center e e e
24 o =
* Frequency band i Hh
_ depeﬂdeﬂﬂe dn‘: ~ Eﬁ—a & ;a 3 s, :: :i !‘lﬁﬁdff}‘hj ;;
- * Morphology -- S
~ approximately spherical ]iﬁW! Hlllli
g L 171

Angie From di.uu]



WMAP Haze from
Astrophysical Electrons?

% Total flux of * Pylsar contribution
synchrotron I ﬂ E

‘% Angular profile from z% | =11 =,

~ galactic center 1 e —

* Frequency band : e “ - I

~ dependence % - =

* % |
* Morphology -- el
- __approximately

enheriecal



WMAP Haze from
Astrophysical Electrons?

% Total flux of * Pulsar contribution
synchrotron v~ [au(B) " cenmriie. -

* Angular profile from
galactic center v

* Frequency band
dependence

* Morphology --
_approximately

00000000000

eoherieal




WMAP Haze from
Astrophysical Electrons?

* Total flux of % Pulsar contribution
synchrotron v~ B =B

* Angular profile from

galactic center v Not published

for fits

* Frequency band
dependence

* Morphology --
~ approximately

00000000000

eoherieal

Courtesy of
¢. Vobler



WMAP Haze from
Astrophysical Electrons?

* Total flux of * Pulsar contfribution
synchrotron v~ Be.s) =B

* Angular profile from

galactic center v Not published

for fits
* Frequency band
dependence
* Morphology --
_approximately Roughly
epherieal spherical?




Morphology of B-field
and the Haze

B-field cylindrical geometry B(Rr.z) = 104G e I"/7RPE 21/

synchrotron skymap 50p W200 0O

B-field spherical geometry




Summary: models

* Solutions fo baryon-IM coincidence problem can offer
compelling models of M

* [M states may reside in low mass hidden sectors

* Qr states can be much heavier and have a Boltzmann
suppression

* Low mass PM states and higgses can also be quite
natural with weak coupling to SUSY breaking sector

* Eulsars may be a significant contributor to the WMAP
aze

e % Morphology issue still remains to be analyzed further



