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Dimming Supernovae without Cosmic Acceleration

Csaha Csdki,'* Nemanja Kaloper,” and John Terning!
Theory Division T8, Los Alamos National Laboratory, Los Alamos, New Mexico 87545

“Department of Physics, Stanford University, Stanford California 94303
(Received 6 December 2001; published 9 April 2002)

We present a simple model where photons propagating in extragalactic magnetic fields can oscillate
into very light axions. The oscillations may convert some of the photans, departing a distant supemova,
into axions, making the supernova appear dimmer and hence more distant than it really is. Averaging
over different configurations of the magnetic field we find that the dimming saturates at about onethied of
the light from the supemovas at very large redshifts. This results in 2 lumincsity distance versus redshift
curve almost indistinguishable from that produced by the accelerating Universe, if the axion mass and
coupling scale are m ~ 10-% &V, M ~ 4 % 10" GeV, This phenomenon may be an aktemative to the
accelerating Universe for explaining supemova observations,

DOL: 10,1103/ PhysRevLett 58.161302 PACS numbers; 98.80.Cq, 14.80.Mz, 97.60.Bw
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Current status in determining the EoS of dark energy
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G. Zhao and X. Zhang
Phys.Rev.D81:043518,2010
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arXiv: 1109.1846 Sep 2011
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e-Print: arXiv:1001.4538
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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;



The clustering of galaxies in the SDSS-111 Baryon
Oscillation Spectroscopic Survey: cosmological implications
of the large-scale two-point correlation function
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Figure 12. The marsinalized posterior distriboctbon in che
wyn — wg plane for the ACDR paraamneter set externded by sllowr—
ng for variations on woeie)l, paraneirizsed as in egusation (2.
The dashed lines shoewr the 68 and 85 par cent contcours ob-
chRimed uvusingeg ChiB nformacion alone. The salid conoours oor-
respored o the results obteined from the combinetion of CHIB
deate plus the shape of the CLRMASS g(2). The dot-deshed lines
indicate the results obtained fraom the full dataset combination
M B 4+ CRASEEN+-BADT. The dotted lines correspand tao the
caanboal values in the ACD N moaddel.



Table A8. The marginalized 658% allowed regions on the cosmological parameters of the ACDM model extended by allowing for variations
an wpg(a) (parametrized socarding to equation [}, obtained using different combinations of the datasets described in Section [L1]and
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5.5 The dark energy eguation of state

Until now we have assumed that the dark energy component
correzponds to a cosmological constant, with a fixed equa-
tion of =state specified by wpoe = —1. In this Section, we allow
for more general dark energy models. In Section EoI]we ex-
plore the constraints on the value of wpe (assumed redshife-
independent ). In Section we obtain corstraints on the
time evolution of this parameter, parametrized according to
equation ([IZ]. Section 5.3 deals with the effect of the as-
sumption of a flat universe on the constraints on wne.

In these tests we consider models with wpe << —1, corre-
sponding to phantom energy (see [Copeland et all 2006, and
references therein). When exploring constraints on dynam-
ical dark energy models, these are allowed to crogs the So-
called phantom divide, wneg = —1. In the framework of gen-
eral relativitgy, a single Auid, or a single scalar field without
higher derivatives, cannot croes this threshold since it would
become gravltauq:;-nallv unstable (Feng et all [2003: [Vikmar
[2003: Hu 2005: 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
[Zhee et all (200F), it & possible to consider the dark energy
perturbations using a two-field model, with one of the felds
being quintessence-like and the other one phantom-like (e.g.
the gquintom model propesed in Feng et all(2003) without in-
troducing new internal degrees of freedom. Both approaches
give consistent results.




KAEN: Komatsu Eiichiro <komatsu@astro.as.utexas.edu>
i [A): 2010402 H26 H 13:34:27 (AL H#i1.)

ek N : xmzhang@ihep.ac.cn

¥ . Gong-Bo Zhao, Junging Xia

Dear Xinmin, Thank you for your message. Hope is all is well with you. Many thanks
for sending me the references and | apologize for my oversight - these papers should
have been cited and they will be cited at the next round of revision. Sorry again.

Best regards, Eiichiro

Dear Eiichiro,

We have read your WMAP7 paper (arXiv:1001.4538) with great interest. | wish to discuss with you
on the global fitting of the parameters (w_0, w_a) for the equation of state of the dark energy. As
we all know, the traditional CAMB/CosmoMC codes suffer from the problem of the divergence of
the dark energy perturbation when w crosses over -1. In your paper this year for the WMAP7, you
have taken the approach from the paper by Fang, Hu and Lewis's paper in 2008. | wish to point
out to you that several years earlier than their paper we wrote a paper (see paper 1) enclosed
below) with a detailed description of the method how to deal with this problem with w across -1.
With our method we performed in 2005 a global analysis with WMAP1 (see the paper 2) enclosed
below), and have kept updating our results with  WMAP 3-year and 5-year data (please see the
paper 3) and 4) enclosed below). | recall that we discussed some of these issues before and |
wish to remind you in this email. And comments and suggestions, please let me know.

Thanks, Xinmin



WMAP normalization priors:
drived distance information from CMB

2 RS

WMAPS result E. Komatsu et al.,
Astrophys.].Suppl.180:330-376,2009

1 normalization priors given by WMAP group include the “shift parameter” H, the “acoustic scale” I4
1 decoupling epoch z,. i and 4 correspond to the ratio of angular diameter distance to the decoupling
1 ¢+ horizon and sound herizon at decoupling, respectively, given by

Rz = V'fﬁmﬂgi'l;:‘:lf (13)
La(z) = mx(e)/ralza) (1)

where r(z,) and r.(z,) denote the comoving distance to z, and comoving sound horizon at z, respectively. The
decoupling epoch =, is given by [57]

z, = 1481 4 0.00124{Q4%) T[4 ¢ (0,072 | (15)
where

_0.07E3(Qph?)UE 0.560
= 30.5({)h1)0-T63 B 2L 1(1h2) 1A

€ They are widely used in fitting EoS of dark energy instead of full CMB data
€ Only handling the background cosmological parameters without calculate

perturbations
Be care of the models you are fitting with !!



ON USING THE WMAPDISTANCE INFORMATION IN CONSTRAINING
THE TIME-EVOLVING EQUATION OF STATE OF DARK ENERGY
Hong 11,1 Jun-Qing Xia,2 Gong-Bo Zhao,3 Zu-Hui Fan,1 and Xinmin Zhang?2
The Astrophysical Journal, 683: L1-14, 2008 August 10

Fig. 1.— One dimensional posterior distributions of {4, R and z, with the WMAPSH data
for different cosmological models. In the upper panels, the black solid line is given by the
standard flat ACDM model, while the red dashed line, the blue dash-dotted line, purple
solid line and the green dotted line are given by ACDM with non-zero €2, flat ACDM with
f., with e, and with r respectively. In the lower panels, the black solid line is still from the
standard ACDM model. while the red dashed line and the blue dash-dotted lines are given
by the dark energy model with time evolving EoS {(RunW model) with and (incorrectly)
without dark energy perturbations respectively.




On using the WNMAP distance priors in constraining
the time evolving equation of state of dark energy

Hong Lil., Jun-Qing Xia?, Gong-Bo Zhao®, Zu-Hui Fan'! & Xinmin Zhang?

APJ Lett. 683, L1, 2008 8000 " z 05 0z
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KAFEN: Reynald Pain <reynald.pain@lpnhe.in2p3.fr>
) [8]: 20114E04 H12H 21:34:04 (211 )

et N:  xmzhang@ihep.ac.cn

¥ i%: Charling Tao

Dear Xinmin, Thanks for your email. Yes | remember our conversation on this. My apologies for
our oversight. The paper is still in he referring process. | am forwarding your mail to the main
authors and we'll make sure this is corrected.

Best, Reynald

Dear Reynald,

| just saw your new paper on the "SNLS3: Constraints on Dark Energy Combining the Supernova Legacy Survey
Three Year Data with Other Probes (arXiv: 1104.1444)". | like it very much and fully agree with you on the point
you made on the importance of the global analysis with the CosmoMC package. As you know, when working with
the general dynamical dark energy especially when w crossing -1, the traditional CosmoMC will not work and the
numerical calculation gives an divergent result. This requires a new part to the CosmoMC. In your paper you have
taken the approach from the paper by Fang, Hu and Lewis's paper in 2008. | wish to point out to you that several
years earlier than their paper we wrote a paper (see paper 1) enclosed below) with a detailed description of the
method how to deal with this problem with w across -1. With the first year SNLS, we in paper 2) have done a
global analysis on the determination of the dark energy equation of state. In papers 3) and 4) with Charling and
others we have performed the analysis with the lateast data at that time. | recall we had some discussions during
your past visits in China and wish to remind you again of these points here. It happens sometime that the original
papers are missing in the reference. As another example, | enclose the email exchange with Komatsu of the
WMAP collaboration on this point. Any comments and suggestions, please let me know. Thanks!

Best, Xinmin
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redshift z

Fitting w1--w20 with WMAP7 + H(z),+Union2.1 + BAO (SDSS DRY7)
Gongbo Zhao et al (in preparation)



Testing Einstein Gravity with Cosmic Growth and Expansion

Gong-Bo Zheo!, Hong Li%¥, Eric V. Linder*®, Kazuya Kovama®!, David I. Bacon!, Xinmin Zhang®3
1 hstitute of Cosmology & Gravitation, University of Portsmouth, Portsmouth, POI SFX, UK
Theoreticel Physics Division, Inetitute of High Energy Physics.

Chinese Academy of Seience, P O.Ber 9154, Beijing 100049, P K. Chine
Theoretical Physics Center for Seience Facilities (TPCSF),
Chinege Aondemy of Seience Befjing 100049, PR China

4 Berkeley Lab & Universily of Californie, Berkeley, CA 54720, USA and

¥ Inatitute for the Early Universe WOU, Ewha Womans University, Sesul Hovea

We test Einstein gravity uzing coemological obzervationz of both expanzion and structure growth,
including the latest date from supernovae (Unien2. 1), CMB (WMAPT), weak lensing {CFHTLS) and
pectiliar velocity of galasies (WiggleZ). We fit modified gravity parameters of the generalized Poizson
equations simultanecusly with the effective equation of state for the background evolution, exploring
the covariances and model dependence. The results show that general relativity iz & good fit to the
combined data. Using a Padd approximant form for the gravity deviations accurately captures the
tirne 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 poesibility of bias from holding one aspect fxed.

2 Oct 2011

on modified gravity o, -

a) GR works well; T e

b) Background B R I T R—T
evolution: redshift z

—— ) Quintom behaviour FIG. 4: The reconstructed w(z) with 68% CL error are shown

allowing for modified gravity (marginalized over ¢, s) 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.




e H20044F, w kit -1 6

FICRAE ! 7

(Quintom, Phantom divide, Crossing w=-1 ....)

i) S b
(no-go &)
i) Bl TR BEA, cmmemcmmmmenaes
(FRPRIRB R ! )
i) EER:

W 5 MG F 53 W =====>» best fit: 87 -1

V) FEIEIIE B LIE:
DI KSR F TR ---) 7Tk

Quintom bounce=> nonsingular cosmology . | |

tumaraund

4 6 4 -2 0 2 4 6 8 W 12 W W W



Physics Reports 493 (2010) 1-60

Contents lists available at ScienceDirect

PHYSICS REPORTS

Physics Reports

journal homepage: www.elsevier.com/locate/physrep

Quintom cosmology: Theoretical implications and observations

Yi-Fu Cai?, Emmanuel N. Saridakis®*, Mohammad R. Setare ¢, Jun-Qing Xia°

# Institute of High Energy Physics, Chinese Academy of Sciences, P.0. Box 918-4, Beijing 100049, PR China
Y Department of Physics, University of Athens, CR-15771 Athens, Greece

* Department of Science, Payame Noor University, Bijar, Iran

4 Research Institute for Astronomy and Astrophysics of Maragha, P. 0. Box 55134-441, Maragha, Iran

# Scuola Internazionale Superiore di Studi Avanzati, Via Bonomea 265, 34136 Trieste, Italy

5IH: 122




NO-GO Theorem

e 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 £ = £(¢,8,68"¢)(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 ;
Vikman, Phys. Rev. D 71:023515, 2005, astro-ph/0407107 ;

Waye Hu, Phys. Rev.D 71:047301, 2005;

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



Quintom #Z%! 5] F

1) Two scalar fields: ; 1
"2

A A
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2) Single scalar with high derivatives:

i - C(@),_ .9 B
s et TH 2 - ¥/
L= 2_1[0)‘?;}0‘? o+ QM;(EQ) Vo)

3) Modified Born-Infeld action:

L=-V($)y/1-a'V,oVte+ F¢0¢

%
V(p) = 2
@) e ™ +e

-5

10



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;

: e 1
L4 =V IIVII[2(DID)* — 2(V, V,ID(VEVII) - ?—R‘E’Fﬂ?“ﬂ] ;
Ls= gv,[nv-*n[{:m-‘—at:numv,_.ﬂjcwv"nmmv*n]{v.,.wnu'van:;_afjw.v},Hw-’n(wv‘*n)] .
But can be generalized C. Deffayet et al., arXiv:1103.3260 [hep-th]

L= PX.ID . L = GIX, IDOIL, £3 = Gox(X. ID[2(TID* — 2(V,V, ID(V*V'I)] + RG5(X, 11) ,

L5 = Gax(X. IH[(OM)* =3OV, ¥, I(VAV T+ 2V VTV, VTNV, VT |- 6G ., (VT TN G5 (X, TT) .



An example of Galileon Theory

The action:

R F3 3
o/ —g| —— + F22M(810)2 + A1) 211 o1l
/f ’ {MHG i (OT)” + 3 (O "0 + o (OTD)°

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

Stress energy tensor:

7 M:‘
F g . o oy
—27120,116,1ICT = 5, [18,(811)* — 8,118,(T)* + g,,0, 1187 (ATT)] .

Ty = —F2e™[28,013,11 — g,,(611)°] —

[ﬂl_l]l |40, 118,11 — gp,[ﬂl'l} i

From which we get energy density and pressure:

; 1 flon?

p = F?—e"II + E[T +4HTTY)] where f = \/
> 2 22 LTI ATTEE

P = P—e[? + ——(IT* — 4112(]))



The Paths of Gravity in Galileon Cosmology

Stephen Appleby! and Eric V. Linder':2
1 Mstituts for the Eoerly Universe WOU, Ewhe Wormens Universily Seoul, Koreae and
? Berkeley Lab & University of Cuofifornia, Berkeley, CA 94720, USA
(Dated: Decomber 12, 2011)
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Bouncing Galileon cosmologies

Taotao Qiu,” Jarah Ewvslin,” Yi-Fu Cai,®* Mingzhe Li“
and Xinmin Zhang”

The equation of stats ina Bouncirg Scluticn . : :
A g The Scale Factor in 2 Bouncing Salution

Figure 4. The ratio cf the pressure to the density of the Galileor is the Figure 2. The scale factor a({) in & bouncing solution first shrinks &s in 4 radiation dominated phase,
sme &3 thet of nome! rediation, It steedily decresses and croses v =—1 jugt before the bounce, then arrives &t & nonzero minimal velue &t the bouncing point and after that enters an expanding

In the numerical caleulation, the values of parameters are listed in (3.18). phase. In the numerical calculation, the values of parameters are listed in (3.18).



A single scalar field model of dark
encersy with eguation of state crossinge

— 1

Mingzhe Lil, Bo Feng”® and Xinmin Zhang”
£ Fastitut fiiy Theoratischas Physik, Philcsophenvwape LG, G220 ITeidellrares,
Coearrrisazass

2 Traeditnate: of Fligh Flroorpy Phyaios, Clhirosas
D1F=-2, Feffing 1MIR49, Peonle™ s Repuhlie of (Thins
TT-avasmil: v difErlvpsl uni-heidallere.de, fenrbhofmmmail.ilhe .

LSS FITEE T a S RCE NS §STER S U T T I0N L5

Arnrclewrys of Bederagae:, PO Rosw

51 H: 176k

Hezrasivew] A SNosocsn b S
HAccepted 17T MNMovember 2005
Fublished T Decembier Z005

Oinline at stacks lop org /IO AP 2005 1—12 fa=— 002

it l0. 1088/ 1475 TS516,/ 2005 /12 0032

Availablz enlive atwww.scencedirect.com

—'Jl

SCIE"CEDI rect PHYSICSLETTERS B

Dpyzics Latars B &1 (2007) 1-7

On dark energy models of gingle scalar field

2 vitw CaitB ad Nonrin Zra
ey, Navjing EI“GGJ’ Bk

e

: ' ] SN - . Mingzhe L9 Teoten O
A string-inspired quintom model of dark energy Dt g

i} af J*ns._

Yi-Fr Ca'**, Mingzhe Li ® Jian-Xin Lu®, Yun-Song Fiao ¢, Tastao Qiv ?, Xinmin Zheng® iy

iy, J&H}_té: AZ BIRET USA
Chinese Aesder of Seiences,

49, P.R: Chirg end

; 9sraclf*u.

& hnsiitute of High Energy
* Institut fibr Theoreii

8, I.J'flfdﬁ' Asads ciences, PO Bar 084, Beijing 00045 PR Ching
PJ’.‘JI'?T{FIML\JR‘ i, 0-60120 Heigelberg Germany
© Fakulsir fir ergirdr E.-_'u feld D-32613 Bielejeld Garmany
JJ}"J&HJJ-”]"I‘IJLF\ anter for Thaoratical af &cience and Tichvalo gy of Ching, defei, Ankui 230026, PR China st .','I'lt'i"“r.‘i"s - P
* Colisge af Pingical Scisaces, Cradiars S_r.fm of Chinese Academy of Sciences, WeQ.uan Road 194, Beifing 100045, PR Chima gt i, AR

n thi paper we r
invorving b

ition on the bigher

2 termws, By mpeeing & degenerata o
he ghest mede nrd

Available online 2 Juns 2007 :
sdect the moddds whish

Editor: T. Yanagida

[ durke energy models dq’-- 2 on :!m
gical perturbation
form of dagenerete

sranglen of this type
serond Cerfva I behaves like en imperfect
theoey needs 1o be generalized. Wa nso stud
Lagrangien and show that lis equatior

19 Dec 2011

PACS mombens): 93.80.0q,

1



19 Dec 2011

1]

On dark energy models of single scalar field

Mingzhe Lit5H Taotao Qi[lE’SE Yify Cai'l and Xinmin Zhﬂﬂgsﬁ
b Department of Physics, Nanjing Undversity, Nenjing 210095, P.R. China
* Department of Physies and Center far Theoretieal Sciences,
National Toiwan University Toipei 10617, Toiwan
Y lewng Center for Cosmology and Particle Astraphysies National Teiwan University, Taipei 106, Taiwan
’ lhf;arfmaﬂf of Physics, Avizong State Undversily, Tempe, AZ 85287, USA
hstitute of High Energy Physics, Chinese Academy of Seieness,
P.0. Boxr 918-4, Beijing 100049, P.R. China and
© Joint Center for Pavticle, Nuclear Physics and Cosmolagy,
Narging University - Purple Mountain Observetory, Nenjing 210083, P.R. China

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 free from the ghost mode and the equation
of state i 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 derlvatives linearly. It behaves like an imperfect fuid thus its cosmological perturbation
theory needs to be generalized. We also study such & 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{0 0 Ouypgeeens By ) » (6]

where By, = TPLEJ Dz = TMTHﬂ and so on are the covariant derivatives of gand N > 2 The equation of
motion from this Lagrangian is

.:\ql'
df - gl :
e Il— i \- - =
Bﬂ'-l_n:;" L' "”*5‘ " p1| . (T)

Generally this is & 2Nth 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 aL , aL .
R R = s
Bfﬁ' c'ﬂlf;'p ' alf;'pw:l : :I

Expanding this equation and consider the symmetry @, = y,, We have the following equation,

aL o "y gL gL M gL e L L -
m— e — ) : |'~3' Oy e _ﬂcr P
Eh::- Bﬂaﬁp ¥ aﬂalﬁpu Bﬂw B'f;'p ﬂﬂﬁ"ﬂaﬂpu Bﬂaﬂp Bﬁ'p.l- i a@u&ﬂ:’:r Bﬂw Lo
i L L #L
— 0y 7] + 2 e 1-+~— Dt + = Dy Dogy +
i R T il P iy OV
- .
D000y T (9)
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Interacting Dark Energy
with derivatives couplings

*

Direct coupling with ordinary matter
strongly constrained by the long-range force limits
large radiative corrections to the DE potential

* Interaction with derivative

Goldstone theorem: Spin-dependent force

Lin= —d,0J* ==> CPT violation when rolling down
M ——> Baryo/Leptogenesis in thermo equilibrium
Quintessential Baryo/Leptogenesis

@ Anomaly Equation

1 1,
L~=-5000K" ==> CMB polarization and CPT test

= 1
a3 — v i)
I‘L [.ﬂ — .:"1 wF'I” 4 — _2 a—l p{:.'”-“; 5 F_FJI'T

strength ~ O( H ), unobservable in the laborary experiments
CMB: travelling around O(1/H),
so accumulated effect ~ O(1) observable !



AR E, Testing CPT symmetry with CMB

. 1 : e
Z = __Eln-'F'm —i—p“A.L_.F'l”' Pu

-

C

i
A = (If — 0 = /J; P};E]‘X“ = 4 M‘I—"'d] ‘{2]

\ _ﬂf(R} 1(3)

v ' T
EE _ . s
T = CFF . cos? 2A0 + CPPsin? 2A0
BB g
O’ = COFF .sin? 2Aa + CFF cos® 2Aa

TE ;
+f _ I B
=y

P - cos 2Aa

;‘E‘"B = CTE .5in 2Aa
C""FB _ %((}EEE = GIBB)S:'[II 4 Aex
CPT violation

predicting <TB> and <EB>

i _pﬂ'ﬂ'?? |(I]

. (1) Constant; (2) Mi_a}_tgh . (3) A F(R)

pi i© source
f: observer
——— WMAP3 + B02 [TT,TG,GG CC))
10 _—WMAP! +Bi]! TLIII data sat e
\

=3 \.&I

05

e Mt I AP . ,,m]

20 A0 ] 20

0
Acideg)

FIG. 1 (color online). One-dimensional constraints on the ro-
tation angle Ae 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).

Bo Feng, Hong Li, Mingzhe Li and Xinmin Zhang
Phys. Lett. B 620, 27 (2005);
Bo Feng, Mingzhe Li , Jun-Qing Xia, Xuelei Chen
and Xinmin Zhang
Phys. Rev. Lett. 96, 221302 (20006)
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Feng et al —6.0£4.0 WMAP3+B03
Cabella et al —2.3+3.0 WMAP3
WMAP Collaboration — R =21 WMAPS
Xia et al —2.6+1.9 WMAPS5+B03
WMAP Collaboration —1.1=x14 WMAP7
QUaD Collaboration 0.64+0.50 QUabD
Xia et al —2.60+1.02 BICEP

3 7 detection === Xia et al —2.33x£0.72 WMAP7+B03+BICEP

Xia et al —0.04£0.35 WMAP7+B0O3+BICEP+QUaD
Gruppuso et al —1.651.7 WMAP7T

PLANCK : 0 =0.057 deg



Test CPT with CMB

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

3) 7% accepted (WMAPZE. . . . ) :

i)rotation angle-->one of cosmological
parameters

il) B-mode: tensor perturbation r
rotation: E--> B
i) %3 EE, FXEX
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measuring W(z)

US survey sets cosmic priorities

Dark energy rises to the top in decadal report ranking future astronomy and astrophysics projects.

Recently, a colleague of astronomer Claire Max
jokingly told herthat, come L2 August, half here
friends would love her and half would never
want to speak to her again.

That iz because Max, of the Uniwversity of
California, Santa Cruz, has for the past two
years been helping to cratt US astronomy’s
laresr deradal smrrey, an influential repoer
prepared for the MNational Research Council
that recommends which astronomy
and astrophysics projects MAS A, the
Matiomal Science Foundation (MNSF)

Lo A T S S L

N da sl

factors can be derived from a three-dimen-
sional survey of the surrounding Unibversc that
the LSST is well suited to prowvide.

“Increasingly, we are able toask new gues-
tions by guerving hege databages,” gars Tyvaon.
“The key is to po pulate those databases with
calibrated and trusved data ™™

The T 85T is sxpectad rohelp 1T astem moe-

mers regain some momentum in ground-hased

Such data would contain subtle clues i the
distance—brightness relationships of supor-
novas, the bending of light (microlensing ) from
backg round galawies amnd the th pee -dimensiomal
dustering of matter in space that cam be used
o ind ependently measu re dark energy.
WTEFIRST is effectively a rebranding of the
Joint TMark e rgy Micsimn, a MNASA_TIORE
collaboration. The new name, Says Ome SUCVey
reviewer, signals that the S1_6-hil -
lion telescope is mot a one=trick
pony, but a way of serving other
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PROBING DARK ENERGY WITH THE KUNLUN DARK UNIVERSE SURVEY TELESCOPE

Goxe-Bo ZHAo™, Hu Zuax®, Lisay Wang®, Zunut Fax® ax Xovany Zave™®

06 _II T I-.I‘kl ||| TTTTd | T Ii]ll T | T 1T | T I_
B Y | KDUST site |
0.4 - | =~
02 - .
¢ of :
—02 | | -
n | ]
i = == BM:-H;»&i i
- BAO+WL+SNe A
1 | 3, 7
_06 111 | 1111 I L1y} | | | i I | 111

-12 -1.1 -1 =09 -0.8

Wa

FiG. 3.— Forecasts of 1o errors on the dark energy EOS param-
eters wy and w, 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.

'0 4 T T T 1 L I T T 171 | LI
L — LSST BAO+WL

L LSST+KDUSTS8k
0.2 - -
S —
0.2 | o —
L LSST+KDUST10k i
—— LSST+KDUSTSk+SNe 4

_0 4 | A N e | | 11 1 1 ! - 1 -§ | | I |

-12 -11 -1 -08 -08

Wo

FiG. 4. — Forecasts of lo errors on the dark energy EOS pa-
rameters wq and w, for LSST BAO+WL (blue contour), a com-

bination of LSST and KDUST 10,000 deg? JH survey (labeled
as KDUST10k) as listed in Table 1 using BAO+WL (green con-
tour), a combination of LSST and hall 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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112011 fz‘%%%ﬂ%ﬁﬁg‘z%%
1998 SN WLl :
i) dEInEAK: axion-liked: Tl A
i MM Y= R
Modified gravity

K %:  (WMAP, SDSS, SN MLjlZ +
FH ENIHEIL + W) ; ik
WMAP TiRE KX, ERTEE! EF'@%%?% ﬁiﬁTT%H%'
i) “axion-likefi Fi&” impossible!

i) DE: \rho_de CHEHBER GEX) ;
W(Z)  =meemmeeeeesecemeeeeeeccceeeeeeeeeeo- >
c_s*2 JLPEF R

Einstein gravity + “effective DE” ™ © " ...~
consistent theory??
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CONSTRATITNTS ON THE SOUND SPEED
OF DY NAMICAT DARK ENERGY
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On dark energy isocurvature
perturbation

Jie Liu,” Mingzhe Li*? and Xinmin Zhang®©
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obtained including the co tion of ar

.while the black dashed line is obtained by only including the
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Some Topics
on Neutrino Cosmology

RS = RERT KT R

CCAST workshop on
“Neutrino Physics in the Daya Bay Era”
2010711 H4-5H
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.  w#TEH ERMI A (Leptogenesis )
. FHTABIERE o-enow
L. F&TF= B4
1) # B4/ m \nu<0.51 eV (LiHong 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



baryogenesis
=AM RAT

Andrei Sakharov (19675 ) =A%
i) B violation <----GUT theory
i) C and CP violation <-----K, B system ...

iii)Out of thermo-equilibrium (CPT conserved)
Freezing out of the heavy particles
(B} = "Tr{gB)="Tr I::'CFT::'_CF.T‘:_:mp :'_—.ﬁ'ff‘:B:j
= Tr(exp(-3H)(CPT) B C'Pr;} = —Tr(pB) =0



Electroweak baryogenesis

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

THERMA™. FLTICT

P, PRy Pty I P
™SCININSN SN
\\,_// \_/ \_ﬂ_,"'l \\ /.j N

Tl

THERMA" FLUCT.

87F, Peccei #f5.40: Ringwald. . . Wetterich, Sola. .
X. Zhang, M. Carena, C.Wagner
i) C and CP violation <-----CKM mechanism

( )
jii) First order ph// / /

#
D o7



Electroweak Baryogenesis
and New Physics

i) Need new physics
801X K, 2-Higgs, L-R symmetry, SUSY

i) Effective lagrangian method ---- anomalous couplings

B o < i
LA =2 Rt

i A



Effective lagrangian approaches to EW baryogenesis

1) Higher dimensional operator relevant
to Higgs mass limit

b
ﬂtzﬂjﬁ_l :
A
Effective potential:
3 2 2

el T__2aad 340 4 Ap=h—— EM"I -

Vill=p(TI—T2)1$°— ET$ 4+ Lird* P naﬂr T
vhere
p=-"iaMi rami M2y, il
8 —4mr“l|1—l :

a1 | mi apT
TUZE T—lﬂu
= 32 5 (2M + M3 —4m/) , Whlﬁrii Ingty =2Indwr—2y =391 and Ina =2lnw—1y

M),
2 4
B 1
Fit=g—g | — "+ 1JE—I-*—-'tE ;
' A ' 3w



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

Prediction for a light Higgs !

v
'?’H?I < (35 'GE.‘F)Q + 8&4.&_2

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

JHEP 0804:029,2008

Higgs Mass = 80 GeV
A =aTeV

Vig)
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Fig. 1. The effective potential for various values of ¢ 3. The Higgs
mass is taken as 80 GeV and the scale of new physics 4 = 4 TeV.
The curve with c¢g,3 = 0 corresponds to the standard model.



125 GeV Higgs and
its implication in cosmology

HWithin 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 ==>»low cutoff



2) Operator relevant to baryon number generation
(Why top? Interacting strongly with the bubble wall )
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‘ X. Zhang et al,
PRD 50, 7042
(1994)
. : Lars Fromme,
N Stephan J. Huber,
e —— JHEP 0703:049,2007




Electroweak baryogenesis

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



Leptogenesis and Neutrino

1. &5 ¥ % T &) Majorana /i & A2 T 4K
2. A& F P89 Yukawa #5543 C #= CP
3. & F T AT BB G

Sphaleron L AZF3R 5582 T 4450 A T F 4K

100GeV < T < 102GeV \ J /z
28 \\; = //
B - _(B N L) dr —’-—\'l Sphaleranlg—-— br
%7 J&.gauge interaction, Yukawa dp / [ \
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)
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M. Fukugita and T. Yanagi)a,
Phys. Lett. B 174, 45 (1986); P.
Langacker, R.D. Peccei, and T.
;} Yanagida, Mod. Phys. Lett. A 1, 541
: = (1986); M.A. Luty,
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Motivation for long-baseline
neutrino oscillation experiments

* Neutrino CP violation
* Actually not direct, still interesting?
* LBL neutrino oscillating experiment
In China!
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Dark Energy and Neutrino Mass Limits from Barvogenesls

Peihong Gu,* Xiulian Wang,! and Xinmin Zhangt
faastttnte nf High Foorgy Phygsics, CGhinoae Aroademy of Scinonoos,
P.C. Boxr 9158-4. Beiping 100039, People’'s Republic of China

In this brief report we consider couplings of the dark energy scalar, such as Quintessence to the
neutrinos and discuss its implications in studies on the neutrino mass limits from Barvogenesis.
Dhuring the evolution of the dark energy scalar., the neutrinoe masses vary, consegquently the bownds
on the neutrino masses we hawve here differ from those obtained before.
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Dark Energy from Mass Varying Neutrinos

Rob Fardon, Ann E. Nelson and Neal Weiner

Department of Physics, Box 1560, Universily of Washinglon,
Seattle, WA 98195-1560, USA

00860£0/yd-onsy

ABSTRACT: We show that mass varying neutrinos (MaVaNs) can behave as a negative pres-
sure fluid which could be the origin of the cosmic acceleration. We derive a model independent
relation between the neutrino mass and the equation of state parameter of the neutrino dark
energy, which is applicable for general theories of mass varying particles. The neutrino mass
depends on the local neutrino density and the observed neutrino mass can exceed the cosmo-
logical bound on a constant neutrino mass. We discuss microscopic realizations of the MaValN
acceleration scenario, which involve a sterile neutrino. We consider naturalness constraints
for mass varying particles, and find that both eV cutoffs and eV mass particles are needed to
avoid fine-tuning. These considerations give a (current) mass of order an eV for the sterile
neutrino in microscopic realizations, which could be detectable at MiniBooNE. Because the
sterile neutrino was much heavier at earlier times, constraints from big bang nucleosynthesis
on additional states are not problematic. We consider regions of high neutrino density and
find that the most likely place today to find neutrino masses which are significantly different
from the neutrino masses in our solar system is in a supernova. The possibility of different
neutrino mass in different regions of the galaxy and the local group could be significant for
Z-burst models of ultra-high energy cosmic rays. We also consider the cosmology of and the
constraints on the “acceleron™, the scalar field which is responsible for the varying neutrino
mass, and briefly discuss neutrino density dependent variations in other constants, such as

the fine structure constant.



Cosmological evolution of Interacting Dark Energy models
with massvarying neutrinos hep/ph/0412002
-Xiaojun Bi, Bo Feng, Hong Li, Xinmin Zhang

L=L, +Ly+ M(@wvr L. = igr,

FIG. 3+ The {0 and the effective equation of state VW as
ﬁf“':ti;-"“ﬂ of the scale factor loga for V = Vpo* and M = FIG. 6: The neutrino mass as functions of the scale factor
Mg™. log a, where g = M(g)/M.



Cosmology with massive neutrinos coupled to dark energy
Astro-ph/0503349

A. W. Brookfield,! C. van de Bruck,” D. F. Mota,>* and D. Tocchini-Valentini*

Cosmology with massive neutnnos coupled to dark energy is investigated. In such models, the
neutrino mass is a function of a scalar field, which plays the role of dark energy. The background
evolution, as well as the evolution of cosmological perturbations is discussed. A reduction of power
in the anisotropy spectrum of the cosmic microwave background radiation at low multiploles is
observed for some choices of parameters.
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Neutrino and dark matter

neutrino mass and abundance: O. Elgaroy et al (2dFGRS)
i PRL 89, 061301 (2002)
oy 28 N i = o
“ = 925 eV’

hot dark matter suppress
power at small scale

Pylk) (" Mpc?)
3

. 1/2
T _
ks 2 0.026 ( 2 ) OL2h Mpe~!.
leV - 1 |
0.01 0.10
AP “ L 0.8 M, 0.1N k(h Mo
7 )2 S =08 (rw) (o) musmrasasmm e
T m fitted to the 2dFGRS power spectrum data (vertical bars) in

redshift space. We have fixed {2, = 0.3, {}, =07, h =0.7,
and (k> = 0.02. The vertical dashed lines limit the range in &
used in the fits.
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Cold WIMPs

Warm WIMPs
Boost factor?
SuperWIMPs

Quintessino; heavy charged massive particles

Asymmetric WIMPs

Connecting to Baryo/Leptogenesis
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WIMP Miracle
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Difficulties with thermal WIMPs
1) Strong constraints on the model parameters

2) Cross section too small to account for the anomalous data
observed by Heat, Pamela, ATIC, HESS ......



PHYSICAL REVIEW D 80, 083529 (2009)
Nonthermal “WIMP miracle”

Bobby Samir Acharya™

Abcus Salam International Centre for Theoretical Physics, Strada Costiera 11, Trieste, Italy
and INFN, Sezione di Trieste

Gordon Kane' and Scott Watson™*

Michigan Center for Theoretical Physics, Ann Arbor, Michigan, USA

Piyush Kumar

Berkeley Center for Theoretical Physics University of California, Berkeley, California 94720, USA
and Theoretical Physics Group Lawrence Berkeley National Laboratory, Berkeley, California 94720, USA
(Received 4 September 2009; published 26 October 2009)

While this is an extremely compelling idea, it can often retu:_al models or as_ a phenomenological gu:mlf: to select
be difficult to implement in practice, with the relic density particular classes of models. For example, in supersym-
predicted by theory disagreeing with the data by a couple metric models, where the thermal relic idea has perhaps
orders of magnitude in both directions. That is, the thermal (oo most extensively explored, most of the parameter

“"WIMP miracle” faces significant challenges when di- ) : : :
x . iy : space yields an incorrect dark matter density, prompting
rectly confronted with precision data. It is not clear at i :
attempts to look at special regions [2].

present if this should be viewed as a failure of the theo-
m 10.75\1/4 -
1 =0 x (e Y1)
100 GeV/\ g. (ov)
100 TeV\3/2
e )
mg

(16)
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where oy = 3 X 1072 cm?s™! and we have assumed” the



PHYSICAL REVIEW D 74, 023510 (2006)

Neutralino with the right cold dark matter abundance in (almost) any supersymmetric model

Graciela Gelmini"* and Paolo Gondolo™’
]Depr:;!rrmem of Physics and Astronomy, UCLA, 475 Portola Plaza, Los Angeles, California 90095, USA
2'f.')Eq'J.ﬁ.rrm'iefm of Physics, University of Utah, 115 § 1400 E # 201, Salt Lake City, Utah 84112, USA
(Received 29 March 2006; published 7 July 2006)

We consider nonstandard cosmological models in which the late decay of a scalar field ¢ reheats the
Universe to a low reheating temperature, between 5 MeV and the standard freeze-out temperature of
neutralinos of mass m,. We point out that in these models all neutralinos with standard density {1y, 2
107>(100 GeV/m,) can have the density of cold dark matter, provided the right combination of the
following two parameters can be achieved in the high-energy theory: the reheating temperature, and the
ratio of the number of neutralinos produced per ¢ decay over the ¢ field mass. We present the ranges of
these parameters where a combination of thermal and nonthermal neutralino production leads to the
desired density, as functions of {1y, and m, .

DOL: 10.1103/PhysRevD.74.023510 PACS numbers: 95.35.+d, 1260.Jv, 14.80.Ly, 98.80.Cq



* Non-thermal production of neutralino cold dark matter from

cosmic string decays

R. Jeannerot, (ICTP, Trieste) , X. Zhang, (CCAST World Lab, Beijing & Beijing, Inst. High Energy
Phys. & ICTP, Trieste) , Robert H. Brandenberger, (Brown U.) . BROWN-HET-1160, 1C-98-236,
Jan 1999. 4pp.

Published in JHEP 9912:003,1999.

e-Print: hep-ph/9901357

* Nonthermal production of WIMPs and the subgalactic structure of the universe
W.B. Lin, (Beijing, Inst. High Energy Phys.) , D.H. Huang, (Peking U. & Beijing, Inst. High Energy
Phys.), X. Zhang, (Beijing, Inst. High Energy Phys.) , Robert H. Brandenberger, (Brown U.) . Sep
2000. 6pp.

Published in Phys.Rev.Lett.86:954,2001.
e-Print: astro-ph/0009003

There is increasing evidence that conventional cold dark matter (CDM) models lead to
conflicts between observations and numerical simulations of dark matter halos on sub-galactic
scales. Spergel and Steinhardt showed that if the CDM is strongly self-interacting, then the
conflicts disappear. However, the assumption of strong self-interaction would rule out the favored
candidates for CDM, namely weakly interacting massive particles (WIMPs), such as the
neutralino. In this paper we propose a mechanism of non-thermal production of WIMPs and study
its implications on the power spectrum. We find that the non-vanishing velocity of the WIMPs
suppresses the power spectrum on small scales compared to what it obtained in the conventional
CDM model. Our results show that, in this context, WIMPs as candidates for dark

matter can work well both on large scales and on sub-galactic scales.

=======) Warm WIMPs model
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Wimp direct detection experiments
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DAMA confirms the solar
modulation signals at 9 o

Velocity of the Earth and detection rate of
DAMA can be given as

Ve =— Ug + UorpCOS 7Y ﬂii:}H[L‘L’![f — to )]

R, = R} + S}cos|w(t — 1g)],



Present status of direct detection

The experimental situation

XENONIO0O0 (2011)
— observed limit (90% CL)

Expected limit of this run:
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The total electron+positron spectrum
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PAMELA satellite data as a signal of non-thermal wino LSP dark matter

Cordon Kane, Ran Lu, Scott Warson ™

Sdichipan Center frThearetoa! Fhysies, linfversiny of Michigan, Ann Arbar, M| 48154 L84

ARTICLE INFO

AESTRACT
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Raceved in revisad form 17 Septamber
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Accepted 21 Sspramber 2008

Avzilable online 25 Sepramber 2008
Editor M. Cwetif

Satellite and astrophysical data is accumulating that suggests and constraing interpretations of the dark
matter al the universe, We argue there s a very well motivated theorstical framéwark (which éxisted
before data) consistent with the interpretation that dark matter annihilation is being observed by the
PAMELA satellite detector. The dark matter is (mainly) the neutral W boson superpartner the wina Using
the program GALFROP extensively we study the annihilation products and the backgrounds together
Awino mass approximately in the 1ED-200 GeV range gives a good description of the PAMELA data, with
antimatter and gammas fram annihilating winog dominating the data belaw this énergy range but nat
contributing above it We explain why PAMELA data does nat imply no antiproton signal was ohserved
by FANMELA or earlier experiments, and explain why the antiproton analysis was misunderstaod by earlier
mpers Wina annihilation does not desaribe the Fermi ™ —e~ data (except partially below ~100 GevV).
A higher energies we expect astrophysical mechanisms to contribute, and we simply parameterize them
without 8 particular physical interpretation, and check that the combination can describe all the data. We
emphasize saveral pradictians for satellite data to test the wina interpretation, particulardy the flattening
a turndown of the pasitron and antiproton spectra above 100 GeV. It should be emphasised that most
ather intemretations réquice a large rise in the pasitron and antiprotan ratés above 100 GeV. We facus on
guidiing this well-motivated and long predicted wino intérprétatian, mather than camparisans with ather
interpretations. We emphasize that interpretations also depend very strongly on assumptions about the
cosmalagical histary of the universe, an assumptions about the broader underlying theary context, and
o1 propagation of antiprotons and positrons in the galaxy. The winos PAMELA is observing arose from
moduli decay or other non-thermal sources rather than a universe that cooled in thermal equilibrium
alter the hig hang Then it & appropriate t narmalize the wina density ta the lozal relic dengity, and na
“boost [actors” are needed to obtain the reported PAMELA rates.

D 2009 Elsevier A.V. All rights reserved.




PHYSICAL REVIEW D 80, 103502 (2005)
Nonthermal production of WIMPs, cosmic e~ excesses, and vy rays from the (Galactic Center

Xigo-Jun Bi,"* Robert Brandenberger,™***7 Paolo Gondolo,*® Tianjun Li.*'"™® Qiang Yuan,' and Xinmin Zhang**®
|\ Key Laborarory of Particle Astrophysics, Instirure af High Energy Physics, Chinese Academy of Sciences, Beffing 100049, P R. China
*Center Sfor High Energy Physics, Feking University, Beijing 100871, PK. China
3 Deparment of Physics, McGill University, Montréal, QC, H3A 2T8 Canada
Theoretical Plysics Division, Instinute of High Energy Physics, Chinese Academy of Sciences, Beijing 10049, PR. Ching
*Theoretical Physics Center for Science Facilities (TPCSF), Chinese Academy of Sciences, PR. Chinga
®Kavli Instinere for Theoretical Physics China, Chinese Academy of Sciences, Beijing 100190, PR. Ching
‘?]'}renr}' Division, CERN, CH-121] Geneva, Switzerland
"0epartment of Physics and Astronomy, University of Utah, Salt Lake Ciry, Utah 84112, USA
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In this paper we propose a dark matter model and study aspects of its phenomenology. Our model is
based on a new dark mater seetor with & U(1) muge svmmetry plus a diserete symmetry added to the
standard model of particle physics. The new fields of the dark matter sector have no hadronie charges and
couple only to leptons. Our modal cannot anly give rise to the observed neutrino mass hisrarchy, but can
also generate the baryon number asymmetry via nonthermal leptogenesis. The breaking of the new L/(1)
symmetry produces cosmic strings. The dark martter particles are produced nonthermally from cosmic
string loop decay which allows one to obtain sufficiently large annihilation cross sections to explain the
observed cosmic ray positron and electron fluxes recently measured by the PAMELA, ATIC, PPB-BETS,
Fermi-LAT, and HESS experiments while maintaining the reguired overall dark matter energy density.
The high velocity of the dark matter particles from cosmic string loop decay leads to a low phase space
density and thus to a dark matter profile with a constant density cars in contrast to what happens in a
scenario with thermally produced cold dark matter where the density keeps rising towards the center. As a
result, the flux of ¥ rays radiated from the final leptonic states of dark matter annihilation from the
Galactic center is suppressed and satisfies the constraints from the HESS v-ray observations.
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Markov chain Monte Carlo study on dark matter property related to the cosmic ¢~ excesses

Jie Liv," Qiang Yuan,” Xiaojun Bi Hong Li,* and Xinmin Zhang'
'Theoretical Physics Division, Institute of High Energy Physics, Chinese Academy of Science,
P0.Box 9184, Beifing 100049, P-R.China
2Key Laboratory of Particle Astraphysics, Institute of High Energy Physics, Chinese Academy of Science,
PO.Box 918:3, Beijing 100049, PR China
*Theoretical Physics Center for Science Facilities (TPCSF), Chinese Academy of Science, Beijing 100049, PR.Chin
(Received 26 June 2009; revised manuscript received 21 October 2000; published 19 January 2010)

In this paper we develop a Markov chain Mante Carlo code to study the dark matier properties in
frameworks to interpret the recent observations of cosmic ray electron/positron excesses. We assume that
the dark matter particles couple dominantly to leptons and consider two cases, annihilating or decaying
into lepton pairs, respectively. The constraint on the central density profile from the H.E 8.5, observation
of diffuse ¥ rays around the Galactic center is also included in the Markov chain Monte Carlo code self-
consistently. [n the numerical study, we have considered two cases of the background: fixed e*e™
background and the relaxed one. Two data sats of electrons/positrons, i.e. PAMELA + ATIC (Data set I}
and PAMELA + Fermi-LAT + HE.S.5. (Data set II), are fived independemtly, considering the current
inconsistence hetween the ohservational data. We find thar for Daw set [, dark maner with n, =
(.70 TeV for annihilation {or 1.4 TeV for decay) and a non-negligible branching ratio to ¢™ e~ chamnel
is favored; while for Data set II, m, ~ 22 TeV for annihilation (or 43 TeV for decay) and the
combination of k™ u™ and 77+ final states can best fit the data. We also show that the background
of electrons and positrons actually will significantly affect the branching ratios. The H.E.8.5. observation
of  mys in the Galactic center ridge puts a strong constraint on the central density profile of the dark
matter halo for the annihilation dark matter scenario. In this case the Navarro-Frenk-White profile, which
is regarded as the typical predication from the cold dark mater scenario, is excluded with a high
significance ( > 3¢). For the decaying dark matter scenario, the constraint is much weaker.
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* The excess in the spectrum

1) Dark matter
2) Unknown astrophysical source (SN)
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 CosRayMC (CosmicRay+MCMC)

Particle Physics: PYTHIA
Astrophysics :  GalProp
Statistics . MCMC



CosRayMC: Cosmic Ray MCMC
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We can not distinguish dark
matter from pulsar with
present measurements



100
100000. ; ;
1000 o
— E- I
Q 10 =
> L
T 0.1 e
= = 001
< 0.001
0.00001
G.ODU] " n x — a L . M — .
. . 0.5 1 2 5 10
0.001 0.01 0.1 1 10 k (h Mpc™")

k (h Mpe™!
e FIG. 2. The power spectra of the CDM model (long-dashed
HG. 1. Comparison of the power spectra of the CDM model curve), the WDM model with my = 730 eV (short-dashed

(long-dashed curve), the WDM model with my = 1 keV (short- curve), and the NTDM models with r. = (1.3, 1.4, 1.5) x 1077
dashed curve), and the NTDM model with r. = 1.5 x 1077 (solid curves, from top down), compared to the observed
(solid curve). Lyman-ev P(k) at z = 2.5 (filled diamonds with error bars).

21 em power spectra for sharp window

U |

10 ¢

1:
=
o
=
oo
O 01
= :

0.01 |

10 10°

Multipole |



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



Circular Velocity of MW satellites compared
with CDM and WDM predictions
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I S SR IS WIMPRE 4 R B8 A 5 6 4R 5

1) WIMPs: Thermal , Cold DM, (original motivation)
Non-thermal, Motivation: why not, Axion produced non-thermally
2) Warm DM: R 3#AAT, 122 4=t sterial neutrino
non-thermal WIMPs as warm DM

3) Heat experiment: requiring boost factors:
substructure; non-thermal

4) Pamela, ATIC, Fermi, HESS experiments:
requiring large boost factors:
Substructure not enough; (K EE)
non-thermal, SF, BW effects

5) Gamma ray from galactic center,....-2>Warm (non-thermal) WIMPs

6 ) Coupled dominantly to lepton:
Neutrino Physics----->Leptogenesis (why no antimatter? )
Dark Energy (Mass Varying Neutrino)
Dark Matter
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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®

' Key Labomtory of Particle Astrophysics, Instilute of High Enerpy Physics,
Chinese Academy of Sciences, Beijing 100049, P.R.China
Partner Group of the Mar Planck Institute for Astrophysics,
National Astronomical Observatories, Chinese Aeademy of Sdences, Beijing, 100012, P.R. China
| Division of Theoretical Physies, Institute of High Energy Physies,
Chinese Academy of Science, Beijing 100049, P.R.Chine
(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 y-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 WIMPz. Due to the large {ree-streaming length in the scenario of
warm WIMPs, the substructure contend of the dark matter halo i significantly different from that
of the cold WIMP counterpart, resulting in distinet predictions of the +-ray signals from the dark
matter annihilation. We illustrate these by comparing the the predicted <—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
crogs 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 dwad galaxies, which might be different
from the cold dark matter scenario. As a specific example we consider the non-thermally produced
neutraling of supersymmetric model and discuss the detectability of warm WIMPs with Fermi 5-ray
telescope.

PACS numbers: 95.35.44.95 85 Pwr
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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
==========Non-thermal WIMPs
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