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1) Inflation dynamics?
2) Nature of dark energy?
3) Nature of dark matter?
4) Why no anti-matter
(Baryo/Leptogenesis)
5) Singularity of Big-Bang
cosmology model??
(KIBSERTRAT A7 2 )
6)Testing new physics or
fundamental symmetry, CPT
with CMB...observations?
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CosRayMC: a global fitting method in studying the properties
of the new sources of cosmic e$*{\pm}$ excesses
Jie Liu et al, Phys.Rev.D85:043507,2012
Gamma-rays From Warm WIMP Dark Matter Annihilation
Qiang Yuan, Yixian Cao, Jie Liu, Pengdfei Yin, Liang Gao, Xiao-Jun Bi, Xinmin Zhang
e-Print: arXiv:1203.5636 [astro-ph.HE]

1) Wihgh




3 Lb L A A
15 Be 22 [H] J]
S GEIE « 10084, SN%TmiEE K.
19984t R+ A RHEHEE, 20064 ZBi%E2L, 20114Nobel Prize. 74% Dark Energy
20034, WMAP, SDSS, EHFHYF;
2003F R+ KR HE
20104, WMAP ZBi£% (Nobel Prize? )
HERKAFAE
a _  A4nG ( )
d o 3 p -|_ 3p 4% Atoms

150 = p+3p<0 w=p/p<-1/3
1. ik 2. B2EE L A4S

AT FHFEETYWENAL: £E \tho, KEAFEZ w
Bldm: RS w=1/3; HRk w=0;
A R w=0
FEFE&: w=?

Fl&f, TR4G w ARTFRGEAERE. . . . .



/gf‘?é%!//% W(Z 77

1) w(z) AREEEMN, RANPHERHRKIER (brrET i 22D

2) RICUI 2 »
SN: JuEEE | S

LSS: Th&Eik

ez

CMB: HEEAINZFILE, tHik
ooooooo GRB,WL ......

3 w(z) S8k (BRI WITH:;
WS . )

i) w=w_0+w_1z (for small z)
i) wz)=w 0+ (1-a)w_a ========)
=w_0+w_az/(1+z)

4) FEVHE, BEUESST




Current status in determining the EoS of dark energy

1.2 1.0 08

G. Zhao and X. 2hang

Phys.Rev.D81:043518,2010
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Results:

1) Current data has constrained
a lot of the theoretical models;

2) Cosmological constant is
consistent with the data;

3) dynamical models are not

ruled out; quintom scenario
mildly favored;
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The clustering of galaxies in the SDSS-III Baryon
Oscillation Spectroscopic Survey: cosmological implications
of the large-scale two-point correlation function
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Table A6. The marginsalized 68% allowed regions an the cosmological parameters of the ACDM model extended by allowing for variations
on wpg(a) (parametrized acoording to equation [[2). obtained using different combinations of the datasets deseribed in Section [IT]and
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{HZ: Difficulty with dark energy perturbation
when w crosses -1 --=> &K & 7] &
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Similar to the non-renormalization without Higgs in the electroweak theory
Here, also need extra degree of freedom ------- Quintom field



5.5 The dark energy equation of state

Until now we have assumed that the dark energy component
corresponds to a cosmological constant, with a fixed equa-
tion of state specified by wpe = —1. In this Section, we allow
for more general dark energy models. In Section [E35.1]we ex-
plore the constraints on the value of wpe (assumed redshift-
independent). In Section B35 we obtain constraints on the
time evolution of this parameter, parametrized according to
equation (IZ}. Section ES7 deals with the effect of the as-
sumption of a flat universe on the constraints on wnoe.

In these tests we consider models with wpe < —1, corre-
sponding to phantom energy (see|Copeland et al! 2006, and
references therein). When exploring constraints on dyvnam-
ical dark energy models, these are allowed to cross the so-
called phantom divide, wpe = —1. In the framework of gen-
eral relativity, a single fluid, or a single scalar feld without
higher derivatives, cannot cross this threshoeld since it would
become gravitationally unstable (Feng et all [2003: Vikmar
[2005: [Hu 2003: Xia et al 2008), requiring at least one extra
degree of freedom. However, models with more degrees of
freedom are difficult to implement in general dark energy
studies. Here we follow the parametrized post-Friedmann
(PPF) approach of Fang et all ((2008), as implemented in
CAMB, which provides a simple solution to these problems
for models in which the dark energy component i smooth
compared to the dark matter. Alternatively, as proposed by
[Zhao et all (200F). it is possible to consider the dark energy
perturbations using a two-field model, with one of the fields
being quintessence-like and the other one phantom-like (e.g.
the quintom model proposed in Feng et all[2003) without in-
troducing new internal degrees of freedom. Both approaches
give consistent results.
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Testing Einstein Gravity with Cosmic Growth and Expansion

Gong-Bo Zhso!'. Hong Li**, Eric V. Linder*®, Kazuya Kovama®, David J. Bacon', Xinmin Zhang??®
1 hstitute of Cosmology & Gmuitation, University of Portsmouth, Portsmouth, POI1 3FX, UK
* Theoretical Physics Division, Institute of High Energy Physies,
Chinese Academy of Seience, P.C.Bor 918-4, Beijing 100049, P.R.China
? Theoretical Physics Center for Science Facilities (TPCSF),
Chinese Academy of Science, Beijing 100049, P.R.China
2 Berkeley Lab £ University of California, Berkeley, CA 94720, USA and
% Institute for the Early Universe WCU, Ewha Womans University, Seoul, Kovea

We test Einztein gravity using cosmological observations of both expansion and structure growth,
including the latest data from supernovae (Union2.1), CMB (WMAPT). weak lensing (CFHTLS) and
peculiar velocity of galaxies (WiggleZ). We fit modified gravity parameters of the generalized Poisson
equations simultaneously with the effective equation of state for the background evolution, exploring
the covariances and model dependence. The results show that general relativity is a good fit to the
combined data. Using a Padé approximant form for the gravity deviations accurately captures the
time and scale dependence for theories like f{R) and DGP gravity, and weights high and low redshift
probes fairly. For current observations, cosmic growth and expansion can be fit simultaneously with
little degradation in accuracy, while removing the pessibility of bias from holding one aspect fixed.

2 Oct 2011

on modified gravity
a) GR works well;

b) Background 0.0 0.5 1.0 0.0 0.5 1.0 1.5
evolution: redsiits
—— > Quintom behaviour FIG. 4: The reconstructed w(z) with 68% CL error are shown

allowing for modified gravity (marginalized over ¢, 8) in the
scale independent (left panel) and scale-dependent k? (right
panel) cases by the filled bands. The reconstruction for true
dark energy, with gravity fixed to GR, is shown by the dash-
dotted curves. the same in each panel.
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NO-GO Theorem

For theory of dark energy in the 4D Friedmann-Roberston-
Walker universe described by a single perfect fluid(1) or a
single scalar field with a lagrangian ¢ = £(¢.9,060"¢)(2), which
minimally (3) couples to Einstein Gravity (4), its equation of

state cannot cross over the cosmological constant boundary.

Feng, Wang & Zhang, Phys. Lett. B 607:35, 2005, astro-ph/0404224 ; (5| 60770
Vikman, Phys. Rev. D 71:023515, 2005, astro-ph/0407107 ; (5305
Waye Hu, Phys.Rev.D 71:047301,2005; (5] 1687)

Caldwell & Doran, Phys. Rev. D 72:043527,2005;

Zhao, Xia, Li, Feng & Zhang, Phys. Rev. D 72:123515, 2005;

Kunz & Sapone, Phys. Rev. D 74:123503, 2006;

Xia, Cai, Qiu, Zhao, & Zhang, Int.J.Mod.Phys.D17:1229,2008

To realize Quintom, one of the conditions should be violated



Galileon
Theories

Galileon Models: Lagrangian with higher derivative operator,
but the equation of motion remains second
order, so the model can have w cross -1
without ghost mode.

_ _ _ C. Deffayet et al., Phys.Rev.D79:084003,2009.
Basically 5 kinds of Galileon model: A Nicolis et al., Phys.Rev.D79:064036,2009;

ri1=10, L=V 0V, L3 = OIV,IIVII,
) - 1 1
Ly = V,IIVAI[2(CID)” — 2(V,V,IIVAV'ID) — ERV#FIW‘H] :
Ls= %v,inv-‘n[( CI) =3(CINVL VL ID(VAV T +2(V VU TIV, VATINV, VFIT —6G,, V, IV TI(VEV D) ] .
But can be generalized C. Deffayet et al., arXiv:1103.3260 [hep-th]

L =PX. 1), L =G(X,IDOI, £3 = Gox(X, ID[2(TIT)* — 2(V,,V,ID(V*V'II)] + RG(X.11)
Ls = Gyx(X. TDH[(OT)*=3(0I)(V, VY, IN)(VAV TD+2(V, VTV, VIV, VAID]-6G,,( V'V DG (X, 1) .



An example of Galileon Theory

The action:

F3 2
4 2 2 p 4
fd .h/_[mnc F221(911)2 T—Ug(dn) O + 5 (210) }

which was also used in arXiv: 1007.0027 for “Galileon Genesis”.

Stress energy tensor:

2M>
F3 ~ , _— —
~275120,118,TI0T1 - 8,119,(311)” — 8,T16,(311)° + 8,0, 116" (T1)’]

T = —F2%"[28,116,11— g,(dT1)*] — —=(311)*[48,T13,11 — g,,(81T)’]

From which we get energy density and pressure:

2M3
3F

Y )
— (0" + 4HT1*)] where f =

2

p = F2[—M12 ¢

P = F2[—e2MI12 + ——(II% — 41121])]

3H?2



The Paths of Gravity in Galileon Cosmology

Stephen Appleby' and Eric V. Linder'+*
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(Dated: December 12, 2011)
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Bouncing Galileon cosmologies

Taotao Qiu,® Jarah Evslin,” Yi-Fu Cai,”® Mingzhe Li°

and Xinmin Zhang’

The equation of state ina Bouncing Solution

]
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Figure 4. The ratio of the pressure to the density of the Galileon field begins at 1/3, which is the

sme &s that of normal radi It steadily decreases and crosses w = -1 just before the bounce.
In the numerical calculation, the values of parameters are listed in (3.18).

ion.

The Scale Factor ina Bouncing Solution

-

Figure 2. Thescale factor a(t) in & bouncing solution first shrinks as in & rediation dominated phese,
then arrives at & nonzero minimal value &t the bouncing point and &fter thar enters &n expanding
phase. In the numerical calculation, the values of parameters are listed in (3.18),
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I this paper we revisit the dynamical dark energy model building hased on single scalnr feld
Invalving higher derivative terms. By imposing a rﬁgeuerm condition on the higher derivatives in
curved spacetime, one e select the models w .u:h are free fran the ghost nr:ude and the equation
of state i able to eross the cosmologieal constant boundary smoathly, dynamically violate the oull
enesgy coadition Generally the Lagrangian of this type of dark energy models depends on the
second derivatives linsarke 1t behaves ke an perfect fuid, thus its cosmological perturhation
theory neads to be generalized. We also study such a model with explicht form of degeserate
Lagrangian and show that its equation of sate may eress =1 without any instability.
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On dark energy models of single scalar field

Mingzhe Li** [ Tuotao Qiu”‘ﬂ Yifu Cai'l and Xinmin Zhang"’ﬁ
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Nanging University - Purple Mountain Observatory, Nanjing 210093, P.R. Chine

In this paper we revisit the dynamical dark energy model building based on single scalar field
involving higher derivative terms. By imposing a degenerate condition on the higher derivatives in
curved spacetime, one can select the models which are [ree from the ghost mode and the equation
of state is able to cross the cosmological constant boundary smoothly, dynamically violate the null
energy condition. Generally the Lagrangian of this type of dark energy models depends on the
second derivatives linearly. It behaves like an imperfect fluid, thus its cosmological perturbation
theory needs to be generalized. We also study such a model with explicit form of degenerate
Lagrangian and show that its equation of state may cross =1 without any instability.

PACS number(s): 98.80.Cq.



For & scalar field with higher (but finite) derivatives, its Lagrangian generally has the form,
L=L{o ‘-‘5;:1!‘»Yl’pmz--“-‘i’m...p.\') ! (6)

where ¢, = V0. Oupuy = ViV, 0 and so on are the covariant derivatives of ¢ and N > 2 The equation of
motion from this Lagrangian is

aL " i] "
%-Pn:l( 1Ny T“"(Bcim pn)-—[]. (7)

Generally this is & 2N'th order derivative equation, the whole system contains N degrees of freedom and some of them
are ghosts. In order to keep the discussions simple and without loss of general properties of higher derivative field
theories, we only consider the case N =2 in curved spacetime, the Lagrangian is a scalar function of ¢, ¢, and ¢y,.
The equation of motion is

gL gL ac ,
= ] [ s [ V() =0. |8
Bl:b Vﬂxatjp)+vﬂv (aopb':] IL :I

Expanding this equation and consider the symmetry 0, = 0,,, we have the following equation,

oL 8L " L 32{;], " 3L G 42 T " s .
E}ﬂ 3989"‘ ﬂP aﬂaﬂf*’-’ aﬂ"‘ B‘pﬂ QV# aﬂaﬂaf;‘:’p v Dp.ﬂv aﬂaﬂp aﬂp v Ty BQF afﬂ'r prj'-iv S
BA AL IV & 'I” +2 I I‘r‘+2 ; Im:+ In ; v
Bﬂpaﬁﬁw (E' o~ @ pp:] _'Béaépga@w Cpou® 36:’331.‘5”3(5“ Ppe @, Bﬁ"a_saﬁépgaﬂ'?pu PaduPpey T
1L |
ﬂ':'p::rup =[] . (9)
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PROBING DARK ENERGY WITH THE KUNLUN DARK UNIVERSE SURVEY TELESCOPE

GoxG-Bo Zuao™, Hu Zuan®, Liray Waxc®, Zuwur Fa®, axo Xovny Zaaxc'
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FIG. 3.— Forecasts of 1o errors on the dark energy EOS param-
eters wg and wa for KDUST WL (solid line), BAOs (dotted line),
SNe (dashed line), and the three combined (shaded area). We have
included Planck priors in all the results. Although the CMB priors
have a significant impact on the SN results and to a lesser degree
on WL and BAO results, they have much smaller effect on the
WL+BAO+SN joint constraints.
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FIG. 4.— Forecasts of lo errors on the dark energy EOS pa-
rameters wqg and w, for LSST BAO+WL (blue contour), a com-

bination of LSST and KDUST 10,000 deg? JH survey (labeled
as KDUSTI10k) as listed in Table 1 using BAO+WL (green con-
tour), a combination of LSST and half of KDUST10k (labeled as
KDUST5k) using BAO+WL (red contour), and a combination of
LSST and KDUST5k using BAO+WL+SNe (magenta area).
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Hn 5% B R~V

1) BOSS, DES (R~ 1%, . . )

2) Planck ( B2A&%., . . )

3) BigBoss ( Li#&, A K. . . )
4) LSST(Z %K. . . )

5) Euclid (21§, B 129, Charling Tao....)
6) TMT
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Some Topics
on Neutrino Cosmology

RS FRE T TR R

CCAST workshop on
“Neutrino Physics in the Daya Bay Era”
2010411 H4-5H
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. $&TEH5 ERAATAR (Leptogenesis )
[I. PHRTHERE c-cuw
L. 4T F= B4
1) #8/i m \nu<0.51 eV (Li Hong et al)

2) ATIC and PAMELA Results on Cosmic e+- Excesses and Neutrino Masses

Bi, Gu, Li and Zhang
3) Steril neutrino as warm dark matter

4) Lepton asymmetry (Leptogenesis) and WIMP asymmetry



Andrei Sakharov (1967-F) =/~41F:
i) B violation <----GUT theory
ii) C and CP violation €<-----K, B system ...

iii)Out of thermo-equilibrium (CPT conserved)
Freezing out of the heavy particles
(B) = Tr(pB)=Tr [f_;ﬂ'P:r'::'CPT:"- exp :'—3H':B}

= Tr(exp(-BH)(CPT)™' B(CPT)) = —Tx(pB) =0

If CPT is broken, can be generated in thermo-equilibrium



i) B violation <----anomaly, non-trivial vacuum, sphaleron

THEEMAL FLUCT.

aVAVAVAVAYE:

THEEMAL FLUCT.

ii) C and CP violation €&-----CKM mechanism
(however, too small->new physics)

iii) First order phase transition



Electroweak Baryogenesis
and New Physics

i) Need new physics
804/ K, 2-Higgs, L-Rsymmetry, SUSY

ii) Effective lagrangian method ---- anomalous couplings

Cp .
.EnEwLE e IDJ .

i A



Effective lagrangian approaches to EW baryogenesis

1) Higher dimensional operator relevant
to Higgs mass limit

Effective potential:



Electroweak vacuum stability
A. Datta, B.-L. Young and X. Zhang
PLB385, 225 (1996)

Prediction for a light Higgs !

4

— ol o e O
m% < (35 GeV)* + SGA—Q

Xinmin Zhang PRD47, 3065 (1993)
Cedric Delaunay, Christophe Grojean,
James D. Wells

JHEP 0804:029,2008




125 GeV Higgs and
its implication in cosmology

)Within the SM, it is all consistent:
precision measurement;
Vacuum stability;
li)Interesting implications for SUSY

iii) Implications for cosmology:

a) Supporting for the idea of building dark energy
models with fundamental scalar fields;

b)Electroweak baryogenesis ==2»low cutoff



2) Operator relevant to baryon number generation
(Why top? Interacting strongly with the bubble wall )

8t _uifa _ . a_ et —v2y2
"t = Ee-ﬂliqﬁ—i: 'IIEP:'I’L"I'tm === Fgﬁ N Ft{l R E A2 }
=—==== o™ e E:i- I - '
n—f ~ regsing x 1075, > ! 111!5 = 4
Anomalous top-Higgs £of ?5{ 1 (%)msf] + f(f—:i)sinﬁs,}m,
couplings: [

X. Zhang et al,
PRD 50, 7042
(1994)
Lars Fromme,
FIG. 1. Dominant contribuion o d, the deciic dipole Stephan J. Huber,
JHEP 0703:049,2007




Electroweak baryogenesis

and anomalous Top, Higgs coups

O3 = a 5 35 GeV)™ + ’
Ag - mH - ( D € ) b()cv
.
0= ¢, e =T b GTht, 5 1B —9
= ¢ A2 t *LER =» = ~gesiné 10

S

Probing for anomalous Top, Higgs
couplings at Tevatron, LHC, ILC...



Leptogenesis and Neutrino

Leptogenesis & 4§ i R 2-F ARG = A& AU
At AT RxSARE & F RAARE K?

Sphaleron A2 K3 542 F R4 A T T4

t J’.

100GeV < T < 102GeV .
28 “\Sié/“

B - _(B - L) dr, —-—{:Sphaleron::—-— by

- 79 L s
% J&gauge interaction, Yukawa {

interaction and also QCD sphaleron
V.A. Kuzmin, V.A. Rubakov and
M.E. Shaposhnikov, Phys. Lett. B 155, 36 (1985);
R. Mohapatra and X. Zhang, Phys.Rev.D45,
2699- 2705, (1992)



Type-I Seesaw #2%! T ¢4 Leptogenesis HL4|
1. & F ¥ 4&T 49 Majorana /i & A IR 2T 4K

2. A& F P89 Yukawa #348-TAL IR C

3. & F FAKT LA B

= oy LT L
ey g '“‘r“r c?,g e — Eﬂrf.ﬁj g —

my, =~ —(mp)* M~ '[’”!J} mp = r,r”;!
E
- I i
NG - A Ny
. R T
=it 6> T g2
(a) = o)

_TaL il +8Y) T (N [ +9)]
T TN = la+ @)+ T (N = Lo+ )]

A r_ - — - ,
E.—.:‘".Ff e f}“ NG — —;1’1‘{ NN, — yi;éf Lﬂ:,a;?:"iﬁ"f' —+ fr.e

#= CP

Yol LaPiri + R.c.

L

N, = v + {yﬁ’i}{'
v = (§) ~ 174GeV
Z
L)
e
I e
Z
I -
Ced =

M. Fukugita and T. Yanagida,

Phys. Lett. B 174, 45 (1986); P.

Langacker, R.D. Peccei, and T.

Yanagida, Mod. Phys. Lett. A 1, 541

(1986); ML.A. Luty,

Phys. Rev. D 45, 455 (1992);

R.N. Mohapatra and X. Zhang,

Phys. Rev. D 45, 2688 (1992).
905K, KEHFTREEEA! | 22



Motivation for long-baseline
neutrino oscillation experiments

* Neutrino CP violation
» Actually not direct, still interesting?
* LBL neutrino oscillating experiment
in China!



Quintessential Baryo/Leptogenesis

M.Li, X.Wang, B.Feng, X. Zhang PRD65,103511 (2002)
De Felice, Nasri, Trodden, PRD67:043509(2003)
M.Li & X. Zhang, PLB573,20 (2003)

0,0 e In thermo equilibrium=>
)L =c ](‘4 Ji =  He=cyr=—Hg 1
_ _ _ &8y wa(EZ— 2)1/2dE><[ 1 _ 1
g = N, - "y = 272 dm m Tvoxpl( E—p,)/T1  T+oxpl( E+pp)/T]
3 S 2 :
= ng [/le + O(#_b)3] ~ CM 77 — nB /S ~ 1SC ng
6 T T 6 M 472 g.MT

@ depends on the model of Quintessence

")
l.B &y lB L)

(1/
Cosmological CPT violation, @ @

baryo/leptogenesis and CMB polarization

M. Li, J. Xia, H. Li and X. Zhang Leptogenesis Anomaly
Phys. Lett. B651, 357 (2007) PIog for CMB

e -~ : -~
: H _ " Wy » v M v
) 0 sfygy, ~ ey Fan PR =S el
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Dirac ¥+
R T & - - - - >Baryogenesis
“A7ERR” & - - - —-> Dark Energy
T, F

Any connections?
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Cosmological CPT-violation, baryo/leptogenesis and CMB polarization
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Abstract

In this Letter we study the casmalogical CPT-violation and its implications in barva/lepiogenesis and CMB paolarization. We propose specifi-
cally a variant of the models of gravitational leptogenesis. By performing a glebal analysis with the Markov Chain Maonte Carlo (MCMC) methed,
we find the current CMB polari zation observations from the three-year WMAP (WMAP3) and the 2003 flight of BOOMERANG (B03) dara pro-
vide a weak evidence for our model, However 1o verify and especially exclude this type of mechanism for baryo/lepiogenesis with cosmological
CPT-violation, the future measurements on CMB polarization from PLANCK and CMBpal are necessary.
© 2007 Elsevier B.V. All rights reserved,

PACS: 98.80.Es; 98.80.Cg
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1) Gravitational leptogenesis

A, etPF,, and its signatures in CMB.

Bo Fenq, Hong Li, Ming-zhe
Li, Xin-min Zhang,

CPTARIR ——=#% A Aaz0 Phys.Lett.B620:27-32,2005.

B,
tanaEB——tall( Lop+ 1) a= —C¢+I Aa = —CAcf)

TT
Cr I —_ CITT

C';y" = CFF - cos® 2Aa + CPB sin® 2Aa

BB .9, :
C'y7 = CFE .sin® 280 + CP P cos® 2Aa
TE i
= C'E . cos 2Aa

<1

TE ;
¥ = OFF «gin 3Ax

_(CFE — CPP)sindAa

M|'—‘

ol

S HE, A
b6/ TR

2) Bo Feng, Mingzhe Li,
Jun-Qing Xia,
Xuelei Chen and Xinmin Zhang
Phys. Rev. Lett. 96,
221302 (2006)

15 FH ) 248 72 WMAPF1
BOOMERanG ) #Ak $ 3z ;

MCMC /3%, 1B
CosmoMC

—— WMAP3
——— WMAP3 + BO3 (TT,TG,GG CC))
10 ——WMAP3 + B03 full data set

00

Aaf deg
Aa = =603 737 degll, 20)

FIG. 1 (color online). One- dlnlBllblUlld] constraints on the ro-
tation angle Aa from WMAP data alone (green or light gray
line). WMAP and the 2003 flight of BOOMERANG B03 TT.
TG. GG and CC (orange or gray line), and from WMAP and the
full BO3 observations (TT, TG, GG, CC. TC. GC) (black line).



e =
s Current status on the o T
measurements of the s
i rotation angle o
T
& s iy . " 4
’ ™ Mu‘::’mm o - Aa (deg)
MECUESITANGT  Grou Aot (degree)  Datasers
Gor Interpretaton of colors i tis e, te reader I efard
i ’ Feng et al —6.0+4.0 WMAP3+B03
Cabella et al —2.54+3.0 WMAP3
WMAP Collaboration ~=1. T 2.1 WMAPS
Xia et al —2.61+1.9 WMAPS5+B03
WMAP Collaboration —1.1+1.4 WMAP7
QUaD Collaboration 0.64 +0.50 QUaD
Xia et al —2.60+1.02 BICEP
30 detection === Xia et al —2.33+0.72 WMAP7+B03+BICEP
Xia et al —0.04+£0.35 WMAP7+B03+BICEP+QUaD
Gruppuso et al —1.61+1.7 WMAP7

PLANCK : 0=0.057 deg ( Z44%, Planck 41)



Test CPT with CMB
1) &8 BREHE, R

2) IL4K: evidence, but rotation angle measured
still consistent with zero

3) #i* accepted (WMAPZE, . . . )
A% F) CMBR| = 69 — A 4T TA%:

wK’)

i) B-mode: tensor perturbation r
rotation: E--> B
)R LA, BEXETX

11 ™2

Multipole |

FIG. 4: The theoretical

A% Planck#] & #9Rotation Angle £ % &K, S al it
ﬁ%#i%ﬁjF %ﬁ%o [J“:JEJ n, =1, A, =23 x 107, and h = 0.70. I
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(H R =E+F#%F: Hot DM)

) S

fEiR 2

Particle

-’r WIMP(35 4k F & #11)
2 D KA — L ALA

4o, FAFARAEAR F 449 o H4FE (neutralino) ;
KK State in extra dimension theory

Supersymmetric
"'shadow" particles
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I N A

Cold WIMPs

Warm WIMPs
Boost factor?

SuperWIMPs

Quintessino; heavy charged massive particles

Asymmetric WIMPs

Connecting to Baryo/Leptogenesis



WIMP Miracle

001 g —
0.001 e Thermal equilibrium
0.0001 abundance

19"
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WIMP thermal
production

Increasing <o,v>
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AtT>m, rfifoyty i:l R :

AtT<m, Z+x—>f+/f o

At T ~m/22, T =n{ov)~ H, decoupled, e

relic density is inversely proportional to b ] | e

the interaction strengthQZ B~ 3-10<;;§m3s1 1 e time 1000
Tf

For the weak scale interaction and i
mass scale (non-relativistic dark WIMP is a natural dark matter

matter particles) (ov)~3-10cm’s™ | candidate giving right relic density
if g~107 M, ~100GeV and * ~¢* /22
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Circular Velocity of MW satellites compared
with CDM and WDM predictions
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How to define “cold”

 Definition of cold, warm or hot depends on
the effect of their “free-stream” motion on
the formation of objects

— Hot dark matter (eV neutrinos) that washes
out fluctuations on cluster scale (10 Mpc/h);

— Warm dark matter (sterile neutrinos) that
washes out fluctuations on galaxy scale (1
Mpc/h);

— Cold dark matter that has effectively zero
thermal velocity



1. #/= A 44 (Thermal)
(BT BAB—H) i \
== Cold WIMPs | —

k(nMpe™')

R FIG. 2. The power spectra of the CDM model (long-dashed
HG. I. Comparison of the power spectra of the CDM model ~ curve), the WDM model with my =730V (short-dashed
(long-dashed curve), the WDM model with my = I keV (short-  curve), and the NTDM models with r, = (1.3,14,1.5) X 1077
dashed curve), and the NTDM modsl with r, = L5 % 1077 (solid curves, from top down), compared 1o the observed

2 . jF ‘d:}f(“ }‘i i *}L %}J ( N 0 n _Th e rm a I ) (solid curve). Lyman-g P(k] at z = 2.3 (filled diamonds with emor bars).

(BBN ¥ g & ¥ Fdecay)

===>»cold or warm WIMPs

R F

JHEP 9912:003,1999.

arXiv: hep-ph/9901357

Phys.Rev.Lett.86:954,2001. : , ’ .
Figure 2. A comparison of small-scale structure from

arXiv: astro-ph/0009003 standard Cold Dark Matter (lefi) vs Warm Dark

Matter with a 3 keV dark mater particle (Gao &

KR KELIRE: Cosmo99; SUSY04 | 1cins 2007




Comment on Thermal WIMPs Miracle and non-
thermal WIMPs Miracle

1) Thermal WIMPs miracle:
Thermal production CMB, Hot Big-Bang

17) Non-thermal processes:

Free neutron decay in BBN

reheating processes

Cosmic string decay

----- = non-thermal WIMPs Miracle?!
If DM is warm, impacts on the current
experiments
especially in China are very important

—===—======9 Non-thermal WIMPs
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Gamma-rays From Warm WIMP Dark Matter Annihilation

Qiang Yuan®, Yixian Cao®, Jie Liu®, Peng-Fei Yin®, Liang Gao®, Xiao-Jun Bi* and Xinmin Zhang®

1Key Laboratory of Particle Astrophysies, Institute of High Energy Physics,
Chinese Academy of Sciences, Beijing 100049, P.R.China
Partner Group of the Maz Planck Institute for Astrophysics,
National Astronomical Observatories, Chinese Academy of Sdences, Betjing, 100012, P.R. China
*Division of Theoretical Physics, Institute of High Energy Physics,
Chinese Academy of Seience, Beijing 100049, P.R.China
(Dated: March 28, 2012)

The weakly interacting massive particle (WIMP) often serves as a candidate for the cold dark
matter, however when produced non-thermally it could behave like warm dark matter. In this paper
we study the properties of the 4-ray emission from annihilation of WIMP dark matter in the halo of
our own Milky-Way Galaxy with high resolution N-body simulations of a Milky-Way like dark matter
halo, assuming different nature of WIMPs. Due to the large free-streaming length in the scenario of
warm WIMPs, the substructure contend of the dark matter halo is significantly different from that
of the cold WIMP counterpart, resulting in distinet predictions of the y-ray signals from the dark
matter annihilation. Weillustrate these by comparing the the predicted 4-ray signals from the warm
WIMP annihilation to that of cold WIMPs. Pronounced differences from the subhalo skymap and
statistical properties between two WIMP models are demonstrated. Due to the potentially enhanced
cross section of the non-thermal production mechanism in warm WIMP scenario, the Galactic center
might be prior for the indirect detection of warm WIMPs to dwarf galaxies, which might be different
from the cold dark matter scenario. As a specific example we consider the non-thermally produced
neutralino of supersymmetric model and discuss the detectability of warm WIMPs with Fermi +-ray
telescope.

PACS numbers: 95.35.4d.05.85 Pw
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FIG. 5: Skymaps of the total 4-ray emis yredicted by GALPROP included, for energies E > 10 GeV.

The left panel is for
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