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Outline of the talk

0) Dark matter (see talk by Liantao Wang)

1) Dark energy
1) Current status of observational \
constraints on dark energy models n
) Quintom cosmology
2) Baryogenesis
1) Electroweak baryogenesis and Higgs factory
i) Leptogenesis
i) Quintessential baryo/leptogenesis

3) Conclusion and discussions

Why the Higgs is 125 GeV ? If not, what’s wrong to our universe
Much relevant to CEPC/SPPC :
Electroweak baryogenesis

Higgs: origin of mass
CEPC/SPPC: origin of matter

WIMPs dark matter

74% Dark Energy




Brief Introduction to Dark Energy

Negative pressure:
471G

ala= -

(p +3p)
a>0- p+3p<0 w=p/p<-1/3

* Smoothly distributed, (almost ) not clustering =
Candidates: e
I Cosmological constant (or vacuum Energy)
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II Dynamical Field: Quintessence, Phantom, Quintom....
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Equation of state w=p/p: characterize the properties of the dark energy models

*Vacuum : w=-1

* Quintessence: w> -1

* Phantom: w<-1

* Quintom: W across -1

Important determining the equation of state of dark energy
with cosmological observations

|) Parameterization of equation of state:
(very much like S.T.U parameters for the particle 1

physics precision measurements) 5 ////////

A) w=w_0+w_1z/(1+z) (used mostly in the literature) :

Quintom A

Quintom B

-3
-2.0 -1.8 -1.0 -0.5

B) Model independent method {w_1...w_i...} W,

Cosmological

Parameters: P= (wba We, Qk: HO: T, Wp, W1, Emb’: Ng, AS: Qg, T)



I1) Global analysis with S A O SR
current astronomical - T
observational data:

(Union2.1, SNLS3)
LSS (SDSS),
CMB(WMAP, Planck ...)
And code used
CAMB/CosmoMC

However, difficulty with the dark energy perturbation
when w across -1 ===========9 divergent
(like the infinity in massive W, Z boson model)
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Perturbation with Quintom dark energy

(introducing an extra degree of freedom
like the Higgs ....)

s+ 3H(1 — w?)

’5'.5': = —l:l + ﬂ'ijl[gi — B'le — BHl:l — ﬂ'i;ltgi — 3H .2 E-Ji

. - _ o - E - 2

b = MO+ S+ KT

o _ Zipi 5 . Ziﬁiﬁi g B Zil:ﬁ'i ‘|‘Pijgi
quintom Zi 0; guintom > o quintoem — Zi[:ﬁ'i n sz

Here 6 and 6 are the density perturbation and the divergence of the
fluid velocity respectively

Perturbation of DE is continuous during crossing!

Feng, Wang, Zhang, Phys. Lett. B607, 35 (2005)
Zhao et.al., Phys.Rev.D 72,123515, (2005)



Constraints on dark energy with SN Ia + SDSS + WMAP-1

Observing dark energy dynamics with supernova, microwave

background and galaxy clustering
Jun-Qing Xia, Gong-Bo Zhao, Bo Feng, Hong Li and Xinmin Zhang
Phys.Rev.D73, 063521, 2006



Status in determining the EoS of dark energy

arXiv:1211.3741

Planck, 2013
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standard prios wieak prior
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2.5 sigma for dynamical dark energy with w crossing -1
the Quintom scenario !
Gongbo Zhao, R. Crittenden, L. Pogosian and Xinmin Zhang, PRL (2012)

0.5

- SDSS III+SDSS IV+DES+KDUST+Planck A

0.0 ~8c sensitivity . Forecast for w(z) constraint
= 0 _ using CosmoFish package
N (GBZ et al, in prep )

-1.5 B

-2.0 : '

0.0 0.5 1.0 1.5

redshift z



More on Quintom Cosmology

for a review, see:

“Quintom cosmology: theoretical implications and observations”
_ _ Cai et al, Phys Rept. 439 (2010) 1-60
Quintom scenario:

w crosses over w=-1 during the evolution
Why interested ?

1) Solving the divergence problem of the dark
energy perturbation! Data mildly favored

2) Challenges to theoretical model buildings
(no-go theorem and examples of quintom models)

3) Interesting implications for early universe
standard cosmology-->singular
guintom cosmology-->non-singular ?



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 lagrangianc = £(¢,0,69#¢) (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.].Mod.Phys.D17:1229,2008

To realize Quintom, one of the conditions should be violated



Examples of model with w across -1

R B ot

1) Two scalar fields: L= Jlunlr - Jlualidn °f
(Feng, Wang, Zhang 2004; - o

Guo, Piao, Zhang, Zhang 2004) —HJ[EJCP(——‘;le} ‘|‘EW[——'§52}] - b

iy iy '
2) Single scalar with high derivatives: g
(Li, Feng, Zhang, 2005) 1 Cls =
L= E:’“D)v# oV 2;% (EO)Q — 1(1'7)

3) Modified Born -Infeld action:
(C_ai, Li, Lu, Piao, [ = —V((D)\/l ~ a’quéWq‘) n 3’@5]]@

Qiu, Zhang,
2007) V,
e—Aqa + eAgo

V(p) =

==» Ghost free single scalar field theory

i) “ghost condensate” + “box operator” (?) o
i) Galileon Model: Lagrangian with higher derivative operators,
but the equation of motion remains second order, so the model
can have w cross -1 without ghost mode.

Example: C. Deffayet et al., Phys.Rev.D79:084003, 2009.
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A. Nicolis et al., Phys.Rev.D79:064036, 2009




More on Quintom Cosmology

for a review, see:

“Quintom cosmology: theoretical implications and observations”
_ _ Cai et al, Phys Rept. 439 (2010) 1-60
Quintom scenario:

w crosses over w=-1 during the evolution
Why interested ?
1)
2)
3) Interesting implications for early universe

standard cosmology-->singular
guintom cosmology-->non-singular ?



Non-singular universe models

and Quintom matter

Bounce models « The emergent universe

t € (—o0,¢); a~ const,t = —00; H > 0.

== 9 Cyclic universe

100 4
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Ekpyrotic Model: collision of two M branes in 5D
description of effective field theory in 4D is

' — | _ 1 "
N J d'x \-’I — & (lﬁ"ITG R+ 5 (0db)* — Vidb) + B4(¢)(PM T PR))

====9 singular bounce !!!



Quintom Bounce

The expanding of the universe is transited from a contracting
phase; during the transition the scale factor of the universe a is at
its minimum but non-vanishing, thus the singularity problem can be

avoided.
Contracting | <. Expanding H s fZ;
phase: Phase: v
?i;;giiiifm_ H=0 Aroundit: H >0. aig
H = -47G(p+ p)= w< -1

-10 8 6 -4 -2 O 2 4 6 8 10

Transition to the observable universe w> -1. t
(radiation dominant, matter dominant,...) Y. Cai, T. Qiu, Y. Piao, M. Li, X Zhang,
So w needs to cross -1, and Quintom JHEP 0710:071(2007).

++ . ired ! Y. Cai, T. Qiu, R. Brandenberger, Y Piao,
marter Is required: X. Zhang JCAP 0803:013(2008).
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On Perturbations of a Quintom Bounce

Yi-Fu Cﬂ.ilE._ Taotao Qi lH._ Robert Brande%erg\?r“ﬂ_ Yun-Song Fiad"ﬂ. Xinmin
Zhang"

Y Institute of High Enengy Physics, Chinese Aeademy of Seiences, P 0. Hoy 918-4, Beijing 100045, P. R. China
Y Department of Physics, MeGill University, Montresl, QC, HIA 8T8, Canada
* Kowli Institute for Theovetical Fhysics, Zhong Guan Cun East Street 55, Beijing 100080, F.R. China
? College of Physical Sciences, Graduste School of Chinese Academy of Sciences, Heijing 100048, P. R. China
Y Theoretical Physics Center for Science Facilities (TPCSF), CAS, P B. China

2 Review of the Quintom Bounce in a Double-Field Model

2.1 Equations of Motion of Double-Field Quintom

To start, we take 2 Quintom model consisting of two fields with the Lagrangian
1 T o - g - ;
L =§5}105‘ ﬂ—iﬂpwﬂ v —Vig) — Wiy, (1)

where the signature of the metric is (+, —.—.—). Here the field ¢ has 5 canonical kinetic term, but v
has & kinetic term with the opposite sign and thus plays a role of & ghost field. In the framework of a
flat Friedmann-Robertson-Walker (FRW) universe, the metric is given by ds® = di* — o*(t)dr'dz®. By
varying the corresponding matter action. we easily obtain the following expressions for the energy density
p and pressure pof this model,

l l.g 1.4

=3 J—EL’E+¥'{GJ+ITI{L‘]. p=gb =y - Vig)— Wiy,

—
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Geodesically Complete Analytic Solutions for a Cyclic Universe *
Itzhak Bars™ | Shih-Hung Chen™ and Neil Turok™

*Department of Physics and Astronomy

University of Southern California, Los Angeles, A 9INSE9-2535 T7SA

— T Department of Physics and School of Earth and Space Exploration
|
] | Arizona State University,; Tempe, AZ 85287-1404 USA
=
2 | :
z | 7 Perimeter Institute for Theoretical Physics
oo | Waterloo: ON N2L 2Y5, Canada

conformally coupled to gravity as follows
S= /Id.LTm i _uvrj Qﬁ@—lqﬂuﬁ-ﬂ' *‘-i{@z—ﬁﬂ} Rl.rq-.l_d].f i _.ra-.l
¢ | 2."5' p A 5 T ! g/ " : L2

The field ¢ (z) has the wrong sign in the kinetic term, 2o it is a ghost (negative norm?),

This sign of the kinetic term is required by the Weyl symmetrv if the sign in front of the
DB. Draneworld origin

-
A cyclic model, inspired bv D-branes in M-theorv 8], was developed in [2] where it

was discussed for a very different potential than Eq.(B]. However, it is possible to recover

1 There are models of cosmology based on the notion of “guintom matter” [EI which also introduce a

negative norm ghost feld. We should emphasize that those models hawe actugl ghosts and therefore are
non-unitary and fundamentally Hawed. Despite some similarity. our model iz fundamentally different
because of the Weyl symmetry that eliminates the ghosts, thus having fewer degrees of freedom. Our
action, our solutions which do not violate the null energy conditions. and the discussion of the physics are

also different.



oy

14 Aug 201

Nonperturbative analyvsis of the evolution of cosmological
perturbations through a nonsingular bounce

Binglkan Xue,! David Garfinkle.®? Frans Pretorius.! and Paul J. Steinhardt'*

! Department of Physics, Princeton University.
FPrinceton, New Jersey 08544, I'54
2 Department of Physics. Oaklond University. Rochester. Michigan 48308, IUS5A
FMichigan Center for Theoretical Physics, Randall Laboratory of Physics,
University of Michigan. Ann Arbor. Michigan 48108, UUSA
4 Princeton Center for Theoretical Physics.
Princeton University, Princeton. New Jersey 08544, USA

{Dated:)

II. NONSINGULAR BOUNCING MODEL

For the nonsingular bounce, we consider a model with two scalar fields ¢ and y minimally

coupled to gravity, described by the Lagrangian

Loy negy @ P 1oy yd .
£ =—5(80)* = V(o) + 3(x)* (1)

A

Here ¢ is a canonical scalar field with a potential V{g) = V3 &7, and y & a ghost field with
a wrong-signed kinetic term. The conditions are chosen so that the universe is dominated
lw the normal scalar field ¢ during the contraction phase. Under such conditions. the ¢

field has a scaling solution in which its energy density scales as 1/a3 %! with a constant
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PHYSICAL REVIEW D 69, 103320 (2004)

Suppressing the CMB quadrupole with a bounce from the contracting phase to inflation

YinSong Piao*
Institute of High Enengy Physics, Chinese Avademy of Sctence, B0 Box 9184, Betfimg 00039, Ching
and Intendiseiplinary Center of Theoretical Studies, Chinese Acuddemy of Serences, RO Box 2735, Befiing 100081, Ching

Bo Feng' and Xinmin Zhang?
Institute of High Energy Physics, Chingse Avademy of Seience, PO, Box 8184, Beijing 100039, Ching
(Reoeived 30 October 2003; tevised manuscript teveived 2 February 2004; published 26 May 2004)

Recent teleased WMAF data show o low valug of quadrupole in the CMB tetmperature fluctustions, which
confirs the early observations by COBE, In this paner, 2 seéniric in which & conteacting phase is followad by
i inflgtionary phase i3 constructed. W calculate the pertusbation spectrum and show that this scéndno can
provide & teasonable axplanation for lower CMIB anisotropies on large angular seales,

FHYSICAL REVIEW D &5, 103520 (2004)
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Reconstructing primordial power spectrum using Flonck and SDSS11 measurements
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FIG. 1. The best fit (solid curves) and 68% CL error (shaded
bands) of the reconstructed primordial power spectrum. ps-
ng the power law parameirization (green and purple shaded)
and free form with correlated priors (blue shaded). Different
datasets and correfation pricors are nsed as Hlustrated in the
tegend. The horfzontal bands with pattern show the B2% CL
reconstruction of the HZ model.



Comments on bouncing cosmology

1) Important progress made in recent years
on non-singular bounce by making use of matter
with w crossing -1;
However, need further study ......

i) In general
[A final theory for non-singular cosmology]

~ [ GR] + [something] (like quintom matter with w across -1)
----- one of the reasons why | believe in the quintom scenario



Quintom Emergent Universe

This is an alternative paradigm to bouncing cosmology to avo id the
Big Bang singularity, which suggests that our universe was i nitially
emergent from a non-vanishing minimal radius and experienc ed a
enough long quasi-Minkowski phase and then entered the norm al

thermal expansion.
*IvE-—IIIII'IIIII

14 1

12 |

Emergent phase:

2H
w=-1-— < -1
! 3E2 &
Thermal expansion:
w> -1

Quintom Scenario: w crosses -1

Cai, Li & Zhang, 1209.3437
Cai, Wan & Zhang, 1312.0740



2) Baryogenesis
1) Electroweak baryogenesis
and Higgs factory
) Leptogenesis
) Quintessential baryo/leptogenesis



Higgs Factory and
Electroweak Baryogenesis

Higgs Factory : precisely measuring the Higgs couplings

Anomalous Higgs couplings : (form factors?)
appropriately described by Effective theory
See: Isidori and Trott, arXiv:1307.4051  (2013)

i) SU L(2) X U_Y(1) nonlinearly realized
see, Peccei and Zhang ( 1989)
Xinmin Zhang (Ph.D thesis , UCLA, 1991 )
C.-P. Yuan et al (including a singlet scalar,
Higgs-like particle )
i) SU_L(2)XU_Y(1) linearly realized
- see, Buchmuller and Wyler (1986)
inEWEE 4 Dj .

a2 —d4
.

Question: How large is the \Lambda?
Electroweak Baryogenesis puts an upper limit on \La mbda
around TeV, so Cosmology ====== =» TeV physics!



Baryogenesis

Andrei Sakharov (1967)
1) B violation
i) C and CP violation

li)Out of thermo-equilibrium (CPT conserved)

(B) = Tr(pB)=Tr |f-;-r:?JT;:'r:T«'T:"m:}':-:—.i';f:B:.”-'
= Tr(exp (—B8H)(CPT) ' B(CPT)) = —Tr(pB) =0



Electroweak baryogenesis

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

THERMAL FLUCT.

AVAVAVAVAVYE:

THERMAL FLUCT.

i) C and CP violation <-----CKM mechanism
(however, too small-->new physics)

i) First order phase transition
CLD

/ /
/ /@
@ OLD/@ / OLD/ Need new physics



Electroweak Baryogenesis
and New Physics

1) Early 90’s and later on, many studies withnew p  hysics models
like 2- Higgs , L-R symmetry, SUSY

i) Effective Lagrangian Method

1) Xinmin Zhang, Phys. Rev. D47, (1993) 3065 (

“Operator Analysis for the Higgs Potential and
Cosmological Bound on the Higgs-Boson Mass”

2) Bing-Lin Young and Xinmin Zhang, PRD49 (1994) 563 (

“Effective Lagrangian Approach to Electroweak Baryo genesis:
Higgs mass limit and Electric dipole moments of fer mion
3) Xinmin Zhang, S.K. Lee, K. Whisnantand B.-L. Y oung
Phys.Rev. D50 (1994) 7042-7047 ( )
“Phenomenology of a non-standard
top quark Yukawa coupling

{4

{4

e ;
L= 3 0",



Operator relevant to Higgs mass limit

&
Gl;=ﬂ_l|L1p
] M

Working in detail on the effective potential with th e higher dim operator

My result in 1993: m3 < (35 GeV)? + sa—
requiring a light Higgs and when
taking Higgs mass 125 GeV, | obtain  \Lambda should be
no more than 1.5 TeV for \alpha ~ O(1)
which gives a correct to the triplet Higgs coupling about 90%
My result is consistent with the recent analysis ( -

The anomalous Higgs self coupling is claimed to be measured with
precision O ( 30 %) at TLEP in Matthew McCullougha rXiv:1312.3322
(see Xiaojun Bi’s talk for details)

s = : =
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Operator relevant to baryon number generation

ﬂ‘:cteiiﬁiz_”gﬁ T

_ , 2 __ .2 .
e Pg'I'L'@tE, - - Pgﬂ =Ft{1+ﬂgﬂtt%}.
=B .. wegsing x 107%,
&
Anomalous top-Hiiggs  ar ?5{ [H (%)mf] +£(%)Siﬂﬁ}ﬁ For \Lambda
couplings: ~ 1 TeV.
- ; X. Zhang et al,
. PRD 50, 7042
~ (1994)
FIG. L.rﬁomuﬁm:;‘cumribution to d, xhs;. electric dipole e T JHEP 0703049,2007
e i _ _ _ Lianyou Shtzamedttedl
Note: Non-universal couplings induce FCNC couplings

(In preparation)
t t\bar h (\gamma, Z) -- - t\bar ¢ h (\gamma, 2)

T. Han, R. Peccei, X. Zhang et al
C.-P.,, Yuan et al

At Higgs factory: single top production e’+enN- -- 2> Z (or gamma) - - t\bar c



Comments
) Electroweak baryogenesis predict

anomalous Higgs couplings
anomalous htt couplings
FCNC top couplings
(with and without CP violation)

II) Large enough to be measured experimentally;

If not, rule out electroweak baryogenesis

General argument ----> circular collider, a machine
for electroweak baryogenesis (origin of matter!)
discovering the anomalous couplings or new particles which
contribute to the anomalous couplings

I1l) Other possibilities for baryogenesis
two examples



Other possibilities for Baryogenesis
------ L eptogenesis

1 . _
AL = iy " Outrn: — 2—;115_..5'}& L — Wl Lot n: + froe. O
i T S Ni= v +(vm)”
— —;"'-.-'z"}"r':f}.” N — E_T":I"Ei NGO — ;‘;jn-f,r,.";,._".«;"'ﬁ-'i —+ froee.

>
—1 s - - r
my, = —(mp)* MY mp) mp =1t v = (7} = 174Ge}
Z I ! - #
:'ﬁl?j =
- ot } -
NG . Y ~ e ™
‘ . = = et ‘ -
(a) =l (&) Ced T

M. Fukugita and T. Yanagida,
- Phys. Lett. B 174, 45 (1986);

an [[ (“\-"i- — 1, + 1?1} — 1 (:"lrE — J.r_“ T ;?} P. Langacker, R.D. Peccei, and T.
E; = Saa— - - = 3 Yanagida, Mod. Phys. Lett. A1, 541
S TN = la+ @D +T (N = Lo +3)] (1986)

M.A. Luty, Phys. Rev. D 45, 455 (1992);
R.N. Mohapatra and X. Zhang,
Phys. Rev. D 45, 2688 (1992).



Comment: How the Lepton number asymmetry

(B-L) is converted to Baryon number asymmetry?
And how much?

B=% (B+L) +% (B-L) ? ?
Need to consider Electroweak Sphaleron process

100GeV < T < 102GeV

tr

B= %(B - 1) \\J// '

! i
dp ——— Sphaleron ——— b,
\ ']

And also the gauge interaction, Yukawa d ///{\

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



Other Possibilities for Banyogenesis: 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)

) L :ca”Q N ‘r_.[.&=.:'£=—#5 In thermo equilibrium =
Int M B A
_ _ g, ) , 12 ) 1
nB - I b_ntT - 2” j E(E —m ) dE x[1+exp[( E‘ﬂb)/T]_l+exp[(E+,ub)/T]]
:ngs['Ub"'O(&)s]:Cﬂ n=n /s::l'l“_JC ng
6 T T 6 M B A’ gMT

Q : depends on the model of Quintessence

|

f - gy Fem (v fH — i Sp
II) H JLB L||_ ]_E-T JLIHL-!; 31 f‘ll'.llf' JI,B LJL_ ]_ JJ[H f_'l_ ]_ Jj[ﬂ L'I

Cosmological CPT violation, 1 1

baryo/leptogenesis and CMB polarization
M. Li, J. Xia, H. Li and X. Zhang
Phys. Lett. B651, 357 (2007)

Leptogenesis Anomaly
for CMB



1 N 1 1) Gravitational leptogenesis
L~ — icaﬁcﬂf“ Kt =A,F' = EA,,,EF“’P”FP,, and its signatures in CMB.
CPT violation — A\G £ O Phys.Lett.B620:27-32,2005.

B, 1 1 1A
= — = = I = —
tan o B, ta,n(20'¢'+ ) a = §C¢’ +1I Aa= 50 (f) 2) Bo Feng, Mingzhe Li,

Jun-Qing Xia,
() = QQcos2Aa + U sin 2Aa Xuelei Chen and Xinmin Zhang
U' = —Qsin 2Aa + U cos 2Aa Phys. Rev. Lett. 96,

221302 (2006)

(w T ("iTT

EE T T
I = CFF L cos® 2Aa + CPP sin® 2Aa — WMAPS
— WMAP3 + B02 (TT,TG,GG CC))
16 _—'MMPS +EIM_ fuill data set -2
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FIG. 1 (color online). One-dimensional constraints on the ro-
tation angle Aw from WMAP data alone (green or light gray
c'FP = ((*EE CBB)sin4Aa 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).
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PLANCK : 0=0.057deg (xiaetal )



Conclusion and discussions

1) For the past 10 years, WMAP....Planck ==
Precision cosmology
(like in 90’s of particle physics)
----—> success of the cosmology theory
( perturbation theory for CMB, LSS)

2) Strong motivations for new physics

differing from (may stronger than) the naturalness argument ....
Dark matter. Dark energy. Baryogenesis. Inflation ...
Singularity of the big-bang cosmology

3) Cosmology and collider physics

Much relevant to CEPC/SPPC : i) Electroweak baryogenesis, ii)) WIMP d  ark matter
Higgs: mass generation to matter and also anti-matter! (Origin of mass)
CEPC/SPPC: Why no anti-matter?  Origin of matter

What is dark matter made of ?  WIMP dark matter

( see talk by Xiaojun Bi for more on
“working group report” )



Thank You !



