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1) 90's: KL TEARAEREEDREHAIG 16
20124E: &I Higgs RiTF, 20134 N/R¥E
¥sHiHiggs M &------) Higgs Factory
*Higgs I.J #1 Electroweak Baryogenesis
i) Anomalous Higgs couplings;
i) Anomalous Top couplings.
2) 00's: FEFAFEH ¥ (FHE4D
20144E: BICEP2 &I CMB B-mode polarization,
W IUR%K?

* Implications for particle physics?
(Inflation, bounce ........... A
1) Leptogenesis and Quintessential Baryogenesis,
i) Testing CPT with CMB Polarization, CMB polarization rotation angle;
li) Comment on “Self calibration” used by BICEP2

3) Discussions
LHC/Higgs: origin of mass
CEPC/SPPC: origin of matter (Why no anti-matter in ~ our universe?)



« Higgs L) Bl2&|H &
A e B
I & anomalous couplings:
TR AEASE 1Y
& Planomalous couplings
------ ) implies new physics
New Physics Scale?

Based on unitarity argu...

#M it calculating loop effects with models
like SUSY .....
Useful: study with Effective Theory



Brief Comments on Effective Theory

1) BERWEE, FAR“FTENTHE=4 HET:
HTERAS#HAFFHUT====) PHTRENZF.

2) PR RANE AR
i) SU_L(2) X U_Y(1) nonlinearly realized
.. Peccei and Zhang
Xinmin Zhang (HE£#®3C, UCLA, 19914F)
(including a singlet scalar, Higgs-like particle, s ee
C.-P. Yuan, H.J. He, Y.P. Kuang et al)

i) SU_L(2)XU_Y(1) linearly realized
(Buchmuller-Wyler , 19864F)

[ (—--—)cli[;[l:;_'] = {T('f-‘f: ‘r:TE( J C' = ¢y270

(Weinberg '79)
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\Lambda ?

* In linear version of effective theory, satisfies the
decoupling theorem: when Cut-off goes to infinity, the

new physics effects disappear!!

e Any upper limit on \Lambda?
or are there any arguments for the new physics?
Naturalness
Cosmology
==========9 TeV physics and Cosmology
1) Baryogenesis
i) WIMPs dark matter



Matter Antimatter Asymmetry

1) Our universe is matter antimatter asymmetric

2) BEFHAFHMERANIKRA? ?
In the framework of inflation, all of the matter cr  eated during or after
reheating processes =»dynamical generation of baryon number asymmetry

3) FYEEMAERMERE? =-»Baryogenesis
) Electroweak baryogenesis - Generating matter asymmetry at the
TeV scale
i) Leptogenesis = =»Neutrino physics
liQuintessential Electro/Leptogenesis ====  =»CMB polarization



baryogenesis
= okAE

Andrei Sakharov (19674) =/ 41t
1) B violation
i) C and CP violation

1) Out of thermo-equilibrium (CPT conserved)
Freezing out of the heavy particles

(B) = Tr(pB)=Tr |f-:r::?:'T;:'£PT:"m:}':-:—-i'-’flﬁ}

= Tr(exp(—8H){CPT)™! B{CPT)) = —Tr(pBE) =0
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Physics Letters B 266 {1991 ) 413—-418
North-Holland PHYSICS LETTERS B

Sphalerons in the two-doublet Higgs model

B. Kastening, R.ID. Peccei and X. Zhang
Department of Physics, University of California, Los Angeles, <4 90024, US4

We seek to minimize the energy functional (4) with

E: B éFivFanF %f;‘”fﬁy-'- {Dp: (I’l )T(D'u@] ) fields of the general form
-T "=__2_i - i
+(D#¢2}J{(DJ“¢2)_V(¢]’@2), {1) W,-rdx gf(gv)dU (U=)

v, w0
where F§, are the SU(2) field strength, £, the Uy (1) @ = L5 mignU (1)
field strength, V(&,, @,) the Higgs potential and ®z=%hz(gw){]m(?)cw, )
D, 9, ,) the covariant derivative. Our Minkowski  where
space metric is g, =diag(l, -1, -1, —1). Ue= é(—xz—kiy x+iy)' (6)
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Fig. 2. Imaginary parts of &, and A, for different g, with the other
Fig. 1. Radial functions f, 4, and A, for A, /g2=4,A,/g2=0.1, A5/ parameters being the same as in fig. 1.
£2=0.04, A5/82=0.3, As/8%?=75, cos*f=0.2 and p=30"°.



Electroweak baryogenesis

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

THERMAL FLUCT.
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THERMAL FLUCT.
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i) C and CP violation <-----CKM mechanism
( )

i) First order phase transition
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Electroweak Baryogenesis
and New Physics

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

i) Effective Lagrangian Method

1) Xinmin Zhang, Phys. Rev. D47, (1993) 3065 (hep-ph/9301277 )

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

2) Bing-Lin Young and Xinmin Zhang, PRD49 (1994) 563 (hep-ph/9309269)
“Effective Lagrangian Approach to Electroweak Baryog enesis:
Higgs mass limit and Electric dipole moments of fer mion
3) Xinmin Zhang, S.K. Lee, K. Whisnant and B.-L. You ng
Phys.Rev. D50 (1994) 7042-7047 ( hep-ph/9407259)
“Phenomenology of a non-standard
top quark Yukawa coupling
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Operator relevant to Higgs mass limit

Effective potential:

Vi'=D(T*— T} —ETH + Lhrd*

2 2
vhere Ap=h= "]6:311;-1_- My ln ::,“’1 +M]In E;fi?
.D=——{1Mw+i‘.m +M2),
L
IE—IB ] ~dm, ln.;:PTI
~ 6dn 1 eyt MMz —dm ), where Ingy=2Indr—2y=3.91 and Ina,=2Inm—2y
E= ML) =114 L.

E:rrtr

: 2 - 1 +
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Prediction fo;a light Higgs Xinmin Zreamy AR, , 065 ((109ER)
Egﬁaz _ Cedric Delaunay , Christophe GRogean ,
Higgs i & James D. Wells

115 GeV ~ 132 GeV JHEP 0804:029,2008

PHYSICAL REVIEW D, VOLUME 70, 093007

Electroweak phase transition in the standard model with a dimension-six Higgs operator
at the one-loop level

S.W. Ham' and §. K Oh'~
'Cenrer for High Energy Physics, Kyungpook Nationa! University, Daegu 702-701, Korea
*Depariment of Physics, Konkuk University, Seoul 145700, Korea
(Received 29 August 2004: published 11 November 2004)

The possibility of a strongly Arst-ordar electroweak phase transition by means of a dimension-six
Higgs oparator in the Higgs potential of the standard model is studied at finite temperature at the cne-
loop level. Exact calculation of the one-loop effective Higgs potential at finite temperature suggasts that
for the Higgs boson with its mass betwaen 115 and 132 GV the strongly first-order electroweak phase
rransition is possible if a dimension-six operator is present

DOL: 10 H0YPhysP T AT Fapie 1o 1 Tor 113 = mgy = 152 Gew T ralE" Bndt " Ty
study sugeesis that the SM Higes potential at the one-
loop level with a di mension-six operator allows a strongly
first-order eleciroweak phase transition. for the Higgs
boson mass between 1135 and 132 GVl A Higegs boson
with this mass range might sasily be searched in future
high energy experi ments.
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Anomalous Higgs self couplings

&
or=ats .
v
My result in 1993: mi; < (35 GeV)” + Sa—>
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 ( C. Grojean, G. Servant, J. Wells ;
S. W. Ham, S. K. Oh; Dietrich Bodeker , Lars Fromme , Stephan J. Huber , Michael Seniuch_:
Daniel J. H. Chung , Andrew J. Long , Lian-Tao Wang ...... )

The anomalous Higgs self coupling is claimed to be measured with
precision O ( 30 %) at TLEP in Matthew McCullough a rXiv:1312.3322




Implication fdol285 Ge&¥ Higgs amatl B ICHP2

a Probable or Improbable Universe? Correlating Electr  oweak Vacuum
Instability with the Scale of Inflation” arXiv:1404 .5953
Anson Hook, John Kearney, Bibhushan Shakya, Kathryn M. Zurek
“ we examine the effects of generic Planck-suppres  sed corrections to the Higgs potential,
which can be sufficient to stabilize the electrowea k vacuum during inflation.”

26 September 1996
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s’h PHYSICS LETTERS B
ELSEVIER Physics Letters B 385 (1996) 225230

Implications of a non-standard light Higgs boson
A Datta, B.IL.. Young, X. Zhang
Department of Physics and Asftronorny, fowa Srate Universiry, Ames, TA SO0Ff, USA
Received 14 April 1996; revised manuscript received 12 June (996

Abstract

Analyses of the vacuum stability of the electroweak theory indicate that new physics occur at a scale of the order of
1 TeV if a light Higgs is discovered at LEP II. In this paper, we parameterize the effects of new physics in the effective
Lagrangian approach and examine its implication on the Higgs boson production at LEP II. We consider the effect of
a higher dimension operator on the Higgs potential and calculate the lower bound on the Higgs boson mass from the
requirement of vacuum stability. We show that if a Higgs boson is seen at LEP II, then under favourable conditions the
deviation of the production cross section from the standard model value could be significant and therefore the presence of

the new physics is detectable at LEP II.
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Fig. 1. The effective potential for various values of ¢4 3. The Higgs
1 =~ =y mass is taken as 80 GeV and the scale of new physics A = 4 TeV.
e
-+ A2 <P BWBMV@‘ The curve with cg 3 = O corresponds to the standard model.
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PHYSICAL REVIEW D VOLUME 49, NUMBER. 1 1 JANUARY 1994

Effective Lagrangian approach to electroweak baryogenesis: Higgs boson mass limit
and electric dipole moments of fermions

X. Zhang
Department of Physics and Astronomy, University of Marpland, College Park, Marpland 20742

B.-L. Young
Department of Physics and Astrornomy, Towa State University, Ames, Jowa 50011
{Received 7 June 1993)

A natural solution to the hierarchy problem of the standard model is to assume new physics to appear
at the TeV scale. We parametrize the effects of this new physics in terms of an effective Lagrangian and
examine its impact on electroweak baryogenesis. We point out that with such an effective Langrangian
successful electroweak baryvogenesis implies (i) the Higgs boson lies within the reach of CERN LEF II;
and (i} electric dipole moments of the electron and neutron are detectable in the near future.

FACS number(s): 12.60.—1, 11.15.Ex, 13.40.Em, 98.80.Cq

Cppr =1 =1, (10

which is not an unreasonable value to expect.
Lt us calculate the electric dipole moments of electron
and neutron induced by Q. At zero temperature,

1 1 o
(ﬁ_ﬁ v +E|

! with Ff being the standard Higgs particle. After di-
agonalizing the mass matrix of H-"J,J_'L and B, ., one can see
that an effective Higgs-photon-photon vertex is induced
bv Eqg. (4):

¥ el
o T
Hyv 325 o

F FEe (11p



Operator relevant to baryon number generation

A2 2 2 . _ P - B
"t = EeELE“—:"Irp'I'L@f-m - Fgﬁ = F‘{l + E‘Eﬁ‘ﬁh—:m}'
nE wegsing x 107%,
&
Anomalous top-Higggs ol Ef{ [1 . (E)mf] v (ﬂ) Siﬂﬁs}ﬁ For \Lambda
couplings: t 16 16 ~1 TeV.
. b X. Zhang et al,
_ PRD 50, 7042
. (1994)
Lars Hmmme ,
: ) Stephan J. Huber ,
FIG. L.rl.:;o;]mut contribution to d., xh: electric dipole e t JHEP 0703049,2007
’ T _ _ _ Lianyou Staamettadl
Note: Non-universal couplings induce FCNC couplings (In preparation)

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

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

At Higgs factory: single top production e*+e”- -- - 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 !)
CEPC/SPPC: discovering the anomalous couplings at CEPC or
new particles which contribute to the anomalous couplings at SPPC

lII) Other possibilities for baryogenesis

two examples
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What do precision Higgs measurements buy us?

Brian Hemming, % * Xiaochuan Lu.-*! and Hitoshi Murayama"?-3?

Department of Physics, University of Calfforaia, Berkeley, Callfornio 84720, US4
2 Theoretival Ph 1)'.%1’&'.': Group, Lawrence Berkeley Nattona! Laboratory, Berkelev, California 94720, US4
Eavili Institute for the Physics and Mathematics of the Universe (WPI),
Todal instingtes for Advanced Shidy, Unfversity of Tokve, Kashiwa 277-8583, Japan

We atudy the sensitivities of future precision Higgs measuraments and electirowsak observablas in probing
physics bevend the Standard Model, Usming affective field theoryv—appropriale smnce pracision magsuraments
are indirect probes of new physics—we examine two well-motivated test cases. One is a tres-level example
due to & singlet scaler field that enables the firsi-order electrowsak phase trensition for baryogenesis. The other
i5 & oné-loop example due to scalar twp in the MEEM. We find both Higgs and electrowezk measurements arg
sensitive probes of thess cases.

=T
ﬁ For decades, expenmental efforts have chased the Higgs THE STANDARD MODEL EFFECTIVE FIELD THEQRY

. boson like the holy grail while, at the same time, theoreti-

El_ cal pursuits have tried to make sense of all of its unnatural Precision physics programs offer indirect probes of new
-c:]: and mysterious features. Having discovered a “Higgs bo- piysics, thereby neccesitating a model-independent frame-
e 5"5'“" [1, 2] these unpatuml ar_:d mysterious features i““T_lE' work to analyze potential patterns of deviation from known

diately become pressing guestions. Models of new physics rhwsice  This framewnrk i mast natealle farmolated in the

A MASSIVE SINGLET

Ocs = g2 HP G0 | On = L(8. 111
S TR R TTR T 4 e 2 We consider a heavy gauge singlet that couples o the SM
Cww =g |H HJLUH i) Or = 'i".rH ﬁqu via 3 Higgs portal
Oas = g"|Hf B B Or = [H*| D" y .
! =i TR - R oot L 2
Owg = Egg'rHTf-ﬂ HH-ITPHHU 0p = DIH-J L= Ley + Ef._E.?PS:I 2:'?155 AHS
Ow =ig(HEDH)\D'WE, | Oy = |H|® —%k‘ Hi"8%— %#Sﬁ — %ASS“- (2)
O = :g'&';;(H*fi‘"Hjﬂ”H,w g = --%—,(U"G:jk)j
Osc = $o:f e CGH0E O = -3(D*WaY
2o heyyr b e o, z ' r y
Cuw = o™ WHWEWE | Oyp = =3{0"B,,) | - b - A%k _.15#
Loy = Loyt |[H +m= O = | e === | Us. (3)
TABLE L. dumension-six bosonic operators for our &nalysis, 21?15 - g Titg



PHYSICAL REVIEW D VOLUME 50, NUMBER 11 1 DECEMBER 1994

Phenomenology of a nonstandard top quark Yukawa coupling

X. Zhang, 5. K. Lee, K. Whisnant, and B.-L. Young
Department of Physics and Astronomy, Towa State University, Ames, fowa 50011
{Received 11 July 1994)

There are theoretical speculations that the top quark may have different properties from that
predicted by the standard model. We use an effective Lagrangian technique to model such a non-
standard top quark scenario. We parametrize the O P-violating interactions of the top quark with
the bubble wall in terms of an effective top quark Yukawa coupling, then study its effects on elec-
troweak baryogenesis. We also discuss the phenomenclogy of such an effective Yukawa coupling in
low and high energy regions.

PACS number(s): 14.65 Ha, 12.15.Ji, 14.80.Cp, 98.80.Cq

¥ &
The bidoublet ¢ will be split into two SUg{2) = Uy (1) -
doublets below the scale Vi, which we denote by ¢y and .
¢a. The top quark Yukawa sector can be rewritten in ermmennes JT ‘_ e
terms of Higgs field ¢, and ¢; by ¢ .,
£ = ¥ 1ditn + ha¥rdatr, (A1) " e

FIG. 6. A possible diagram for the generation of O in

where fi; and h: are Yulmwa couplings in the LA sym- Eq. (2) in lef-right symmetric models.

metric Lagrangian. The vacuum expectation values of
¢ and ¢y are related to that of the bidoublet ¢. For a
general C'F violating Higgs potential, one has

& ia | COS( sing (-’ﬂi
T 0 r =€ ( —=i H : ':""'15:'
@ =c=| 59 ). (A2) (Q) g cost )7 2
‘ _ . where tan{ = x'/x. In this basis, # serves as the
where o is a C'F phase. 5o (¢) = ek, (¢z) = e“x’. SM doublet and the &' is just a massive scalar with
Thus the mass of the top quark is given by mass ~ Vg, Integrating out the heavy field &' will gen-

erate many higher dimension operators [28]. The con-
tribution of a Feynman diagram in Fig. 6 will give an
operator similar to @', In this model, m&, ~ VE ~ A%,

me = hyke'™ + hor'e ™. (A3)



L eptogenesis and Neutrino

Leptogenesis &8 1E 2T AXTRRHI = AL
AR FANHREEFARNIRA KR?

Sphaleron A2 R 5857 42 T E AL N B T4

100GeV < T < 102GeV

L Ly

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

& |
dp ——— Sphaleron }——— b,
v 4

B =% (B+L) + % (B-L) ??

E & Egauge interaction, Yukawa interaction L / {\

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-l Seesaw 15 % K [1] Leptogenesis 1L

1. A FH T8 Majorana it =T A 22141
2. AFHHF 1 Yukawa F#5 TR C A CP
3. AF T B R

1 , _
AL = ilfe_r'_.rgz"}"r':f}lr,:.!fﬁi — ETJI:'_I..!T-'};I-HHJ. — .J'J.riiz-ff,.,-.,;,:?ir'_.rgi —+ fr.ee.
. . e
- 1 _ _ N, = . .
- ;T;a,*.-z_ Y, N — ';ijz' NV — voilea@ N + hoe N Vhi T {HH"-:I
| I - EPRT,
my, =~ —(mp)*M {”"-!J:lt mp = U”TJ I = {p} ~ 1740\
£ i
o ) ) f;;:/
NV ~ N W o E ™
(a) - “ S & o T~ e
=)

M. Fukugita and T. Yanagida,
Phys. Lett. B 174, 45 (1986 .
Langacker, R.D. Peccei, and T.

g = an [[‘ {""r"z' — lr;r + F’f} —1 {"‘lrz- — ir“ + ;?}: Zflzanagg)i;da,.Al\./llt_)St.yl,Dhys. Lett. A1, 541
Zﬁ [[’ {j‘n,"z- — I, + ;;’;Jf] + 1 { N, = 1, + ;} Phys. Rev. D 45, 455 (1992);

R.N. Mohapatra and X. Zhang,
Phys. Rev. D 45, 2688 (1992).
OOFEMRHMI, RFHABNE! 1 22



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
) |L, =c I\A;IQ J Pe=c3r="—p; In thermo equilibrium =
—
— — gb 2 2 /2 1 1
nB - n b nE - 2” j E(E - Mm ) dE ><[1+exp[( E-pu,)/T] — 1+ exp[( E+ﬂb)/T]]
T3 )T 2 :
— gb [lub +O(&)3]:Cng nan/S: 15C ng
6 T T 6M 4% g MT

Q depends on the model of Quintessence

1] i e C p Y (em [7aY [ — £
) Sl s, ——5 Fun f FiuF T, = (1/2)J

Sp
(B—L) Jlb L)

Cosmological CPT violation, @ @

baryo/leptogenesis and CMB polarization

Phys. Lett. B651, 357 (2007) for CMB



| Cosmological CPT violation M.Li, X.Wang ,

B.Feng, X.Zhang,
PRD65,103511(2002),

C
Line=7-9.07" ==>  Baryo/Leptogenesis

ﬂ I

L~ —%Caﬁcﬁa’“ —> CMBHALIKCPTH R

. 1
- F o J (BN
Ii. H —_ _.:_1 HFIL — E.ﬁ‘lpfﬂ. f rTF_IrJI'T

. 55218 ER I CPTXFRME R 1
CMBHXF& Tik137/24E, MIL5SERERIEK, EAH ZE/H
N, B RKRIEEXTCPTRLS R 8UE



CMBH I CP T R [ 3 A AR

1) Gravitational leptogenesis

1 . 1
L~—=Co,pK" Kt =A,F" = A, """ F,, and its signatures in CMB.
2 2 Bo Fenqg, Hong Li , Ming-zhe

Li, Xin-min Zhang ,
CPTHiRN ——=jg#f AaZ0 Pi!ys.lfe;?.ISGZO?S?-BZ,2005.
LA R, PRI

BT

_B._ 1 1 1
tana:B—y—taﬂ(§C¢+I) o= §C¢5+I Ao = Ecﬁ‘j’

2) Bo Feng, Mingzhe Li ,
{ Q' = Qcos2Aa + Usin 2Aa Jun-Qing Xia,

U = —Qsin 2Aa + U cos 2Aa Xuelei Chen and Xinmin Zhang
Phys. Rev. Lett. 96,

221302 (2006)

g 1I'T
¢y =at 5 FH 808 R WMAP 1
BOOMERanG Rt EHE
A \\ g £
C’IEE = CEF . cos® 2Aa + CPPsin® 2Aa &gmg%i’ PBE
~wmapz ' '

——— WMAP3 +B032 (TT,TG,GG CC))

EER . —— WMAPE + B03 full d
' = CFF -sin® 2Aa + CPP cos® 2Aa 10 g m___,.--;.-f_-:,\
. \
TFE
ol ;= QTE - 008 2Ax 05t
TE .
C' =G E . ¢in 2Aa gl - . - A
20 10 1] 10 20

Ao(de:

Ag = —(:.Hj:f',{; :?5 dag(l, 2er)
+EB l EE _ BB\ . FIG. 1 (color online). One-dimensional constraints on the ro-
¢ = 2 (G G7)sindAa 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 observatons (TT, TG. GG. CC. TC. GC) (black hine).
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Current status on the
measurements of the

rotation angle

v T T T
—— WMAPT+B03

12 + - - - BICEP

—-—-- WMAP7+B03+BICEP

Probability

s e :

Cebwsi it iy  Croup Az (eprme)  Dintasels

s Feng et al —6.0+4.0 WMAP3+B03
Cabella et al —2.5-1+3.0 WMAP3
WMAP Collaboration —1.7+£2.1 WMAPS
Xia et al —2.6+19 WMAP5+B03
WMAP Collaboration —1.1t1.4 WMAP7
QUaD Collaboration 0.64 £0.50 QUaD
Xia et al —2.60+1.02 BICEP

3 o0 detection === Xia et al —2.33+0.72 WMAP7+B03+BICEP

Xiaet al —0.04£0.35 WMAP7+BO3+BICEP+QUaD
Gruppuso et al —1.6+1.7 WMAP7

PLANCK :

o =0.057 deg

(RRM,

Planck 2H)
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Probing CPT violation with CMB polarization measurements

Jun-Qing Xia*=, Hong Li "¢, Xinmin Zhang"°
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Self-Calibration of BICEIP’] Three-Year IData and Constraints on Astrophysical
Polarization Rotation
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Cosmie Mierowave Background (CMB) polarimeters aspire to messure the faint S-mode signature
predicted to arize from mflationary geavicational waves, They also have the potential to constrain
cosmic birefringence, rotation of the polarization of the CMB arising from parity-violating physies,
wh'rh wonld pmdum HOL-2EE0 lepﬁtta:iml vilues Em t|']'l‘ C‘L-]B" TH a*:d I:'H sp-ertra me-e:

pFirLLL‘ulB.r. an merau nu_cauhratmu DthE pnlmzmmn orientation of the demcmrs a = —2.77° = 0.86%(statistical) = 1.3% Evstematic)

E..E.t]'llill.-l t_:tut plredmva-h'ﬂ l"}.ﬁz- on the HH spﬁctrum ‘n'l.a E‘mi thgH i : : -d: a .I'.‘F —':;l‘ﬁ’ﬂ‘] E@%%_ﬁ;

with & pﬁlm*izatx:-n rotation of o = =2.77° £10. ﬁ&}:fsmti:,v ical) = 1.3° ystematic). We have revised

the estimate of systematic ervor on the polarization rotation angle from the two-year analysis by )
comparing multiple calibration methodzs. We ko account for the [negligible) impact of .neasu:m 2) E ~2 Sigma Ijil ’ 1]‘@
beam systematic effects. We Investigate the polarization rotation for the Bicgpl 100 GHz and 130 14-:.% ﬁ ﬂ H’X 5 fEF

T S )

GHz bands separately to investigate theoretical models that produce frequency-dependent cosmic

birefringence. We find no evidence in the data supporting either these models or Faraday rotation EU‘EZ‘\‘ ﬁ%ﬁ% EEEIJC PTﬁ&

of the CMB polarization by the Miky Way galaxy’s magoetic feld, Il vwe assume that there is

b . . e SN YE
no cosmie birefringence, we can use the T'B and EB spectra to callbrate detector polarization ﬂ: , 'fﬁg{’j\BB ‘L%T—ﬁﬂ{ﬂg‘[ae
orientations, thus reducing blas of the cosmological B-mode spectrum from leaked E-modes due to ,
possible polarization erientation miscalibration. After mpplying thiz “self-calibeation” process, we %’f Ej: @

find that the upper limit on the ténser-to-scalar ratho decreases slightly, from r < 0.0 to # € 065
at B3% confidence.

PACS numbers: B8.70. Ve 3 ) ’ﬂi’.ﬁ] j:iEé Il:l:ll “ Self
@ V. Gluscevie and M Karnion kewski, Ca"ibration” %ﬁﬁy{i .

Phys, Hev. DBl 123529 (20100,

n.rfx iv:1002.1308 [astro-ph.CO[| ﬁﬁi‘z/l\j‘j‘?i}ﬁ ,
Y&, o II nd X. Zhang :
i) B. B HET qu fl}Dth AL AnE iﬁ‘[}ﬁ r {Em

1 J1-Q. xa J. Cozmolngy .-'GI.FLI‘J.’JDH."L Phvs. 1. 46 (2012)] r< 070 élJ r< 065

m‘hw.]?ﬂl.-’l-ﬁ? :aﬁgr::g—p GO
| G. Gubitost and F. Paci, (2012, arXh:1211.3321




BICEP2: r or rotation angle from CPT violation?
Hong Li, Jun-Qing Xia, Xinmin Zhang (2014)
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Cosmological C PT violating effect on CMB polarization
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Aodark energy scalar (or a function of the Ricci scalar) coupled with the derivative to the matter felds
will wiolate the O symmetry during the expansion of the Universe. This type of cosmological CFPT
violation helps to generate the haryvon number asymumetry and gives rise to the rotation of the photon
polarization which can be measured in the astrophysical and cosmological observations, especially the
experiments of the cosmic microwave back pround radiation. In this paper, we derive the rotation angle in
a fully general relativistic way and present the rotation formulas wsed for the cosmic microwawve
background data analysis, Our formulas inciude the corrections from the spatial fluctuations of the scalar
fiald. We also estimate the magnitude of these corrections in a class of dyvnamical dark energy modals for
guintessential baryolle ptogenesis.
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Flunctuations of cosmological birefrimgence and the effect on COWVIE Bomode polarization
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[ ted]

Wen Zhaot

Li*
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Linfversity of Science and Technolfogy of Chine, Hefei,
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The cosmological bhirefringence caused by the coupling between the cosmic scalar field and the
cosmic microwawe backgronnd (CXB) photons throuagh the Chern-Shnons term can rotate the po-o
larizarion planes of the photons. and misx the CAMEB E-mode and B-mode polarizations. The rotation
angle mduced by the dy namical scalar feld can be separated zo the isotropic background part aoed
the anotropiece Auctuations. The effect of the background part has been be studied in the previouas
work (Zhao £ Li, @arihv:1402 43245, o this paper., we fooas on the nfuence of the anisctropies of
the rotation angle. We find that, if the cosmic scalar field = identified as the guintessance field. the
anisctropies of the rotation angie are always too small to be dotectable Howewver. if the scalar Seld
i= masskess, the rotation spectrum can be guite large. which may be detected by the potential CAE
ohservations: In addition, we find that . the rotated B-mode polarization coanld be fairly nrge. aod
comparable with those generated by relic gravitational waves or cosmic weak lensing, shickh formoes
A mew contamination for the detection of relic sravicational waves in the CRB. In this paper. we
alsc propose the merhod o reconstruct and subiract the rotated B-mode polarizacion, by which the
residunls become negligible for the sravicational wave detoction.

Cosmic Birefringence Fluctuations and Cosmic Microwawve Background S-mode

IFPolarization

Seokcheon Lee!'-?, Guo-Chin Liu®, and Kin-VWang Ngi-d
linstitute of Phpsics, Academia Sindce, Toipei JI52¢9 Thiwaen
2 Fores fastitute for Advenced Study, Seonl IS0-722 Aoreo

o artrent af Phusics, Tambang Dniversity, Tamsui, New Thoipei City S5157 Thiwan

2 nstitute af Astrmnarmy and Astrmophysics, Acaderia Sindes, Toipei (15809, Taiwan
{IDaced: MMarch 25, 2014)

Recentiy., BICEPZ measurements of the cosmic microwawve background (CMNEB) B-mode polariza-
tion has ndicated the presence of primordial gravitcational waves at degree angular scales, inferring
the tensor-to-scalar ratio of » = 0.2 and A running scalar speceral indes:. In this Lefter. we show
that the exiErence of the Auctuations of cosmological bhirefringence can give rise o CMB B-mode
polarization that fits BICEP2 data with r < 0.11 and no runningof the scalar speciral index. Thus.
: c . . o - T Aarion models with small v are ruled out based on

of Science and Techrnology of China, Hefei, Anbui 290026, China

i " "_-i: EFPD FIG. 1: Ceemological birefringence indueced B-mode pewer
E : - wma ® spectrum through the perturbed nearly massless scalar field
- N {short-dashed ). Also zhown are the theoretical power spectra
E - S S e of lensing Induced £ modes (long-dashed) and gravitv-wave

indueed B modes (dot-dashed) with » = 0.11. The thick solid
curve i= the best-Atting averaged B-mode band powers that
are the sum of these three B-mode power spectra convolved
with the BICEP? window function. Upper limitz (95% cl.)
of QUall (zquare), Quiet {asterisk), and WAAPY (diamond},
pluz BICEP2 data (triangle) are shown.



8.2. Overall Polarization Rotation

Once differential ellipticity has been corrected we notice
that an excess of TB and EB power remains at £ > 200 versus
the ACDM expectation. The spectral form of this power is
consistent with an overall rotation of the polarization angle of
the experiment. While the detector-to-detector relative angles
have been measured to differ from the desien values by < (.2°

we currently do not have an accurate external measurement of
the overall polarization angle. We therefore apply a rotation
of ~ 1° to the final Q/U maps to minimize the 7B and EB
power (Keating et al. 2013: Kaufman et al. 2013). We empha-

size that this has a negligible effect on the BB bandpowers at
{ < 200.

(Ade et al., 1403.3985)

Self-calibration

0.1

8- FTE=008
0.05¢

ot } i
006}
Tl

roe=0.12=+0.16 deg at the 68% C.L.

Rotation angle before self
calibration estimated (?):
0.88 +- 0.16
non-zero with 5 sigma



T'ension between BICEP2 and Planck

r=0.202505 (68%) \/S r < 0.11 (95% C.L.)

BICEP2 collaboration Planck collaboration

Planck-+WP+highL
Planck+WP-+highL+BICEP2

0.25} (Li; Xia & Zhang, 1404.0238)

0.2
This tension appears because

Both data fiting are performed
Within the power-law LCDM,

~0.15}

0.1

0.05

Jo3 0.95 . 0.97 0.99

What happens if beyond LCDM ?P?
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(Ade et al., 1403.3985)

Including extra parameters

In order to lessen the tension between BICEP2 and Planck
results, one could include extra cosmological
parameters, like the running of scalar spectrum index, to

relax the constraint on r from Planck .

|
0.4 L ACDM-+-tensors Planck+WP+highL
ACDM+running+tensors Planck+WP-+highL+BICEP2

ro.002

0.94 0.96 0.98 1.00 1.00
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Degeneracies among ns, 1, o

Hong Li, and J.-Q. Xia, JCAP 11( 2012) 039

N

Tlg (a8 (;) 'E}‘)LE
ACDM 0.969 + 0.011 - — -
ACDM & o, 0.951 £0.020 | —0.018 £0.016 —2.0

[ acower [osmzmom| - J<oms|0s]

CPL 0.966 +0.013 — — —
CPL & a, 0493050722 | —0.02010002 = |-
CPL @ r 0. 9”9+8 Hig — < 0.20 | 0.2
Table 2. lo constraints on the Inflationary parameters n., ae, and r from

Union2.1+WMAP7+BAO+HST. For the weakly constrained parameters, we quote the 95%
upper limits instead.

B This is our results in 2012, which show the importance Of degeneracies
between cosmological parameters.

B Which is very useful today for the resolution of BICEP2 and Planck.



Inflation models with large running.
power suppressed at small |
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Discussions
LHC/Higgs: origin of mass

CEPC/SPPC:
understanding the
origin of matter
Why no anti-matter
IN our universe

( Electroweak phase transition , effective potentia  |;
Bubble Wall dynamics, CP violation ........ )
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