Reference: EK, Nature Rev. Phys. 4, 452 (2022)

©Y.Minami

A Hint of Parity Violation In
Polarized Light of the CMB

CMBICHE T3 %
JNY T o STFNE DI D I &

Eiichiro Komatsu (Max Planck Institute for Astrophysics) M AX P |_ A N C K | N ST | T U T

Mini-workshop@Okayama, March 6, 2025 1 JR AS OPHYSIK




BN T 1 XFEZ RS H

#HUWYBEDER

e IAEDFHETIL (ACDM) (&,

ZINVBET B,

SR SIS DEEETILE B L 25 - R

« ¥—1 IS — (CDM) DEK|ZMAH ?

C F—HIRILE— (N) OEEFEM?



BREINY T WinEZ R5H

ZLDT7AT7EH5D, EOELSICULTHNEDITELWD?

. BEOFHETIL (ACDM) . RRFEIBOEEETILEBR ZH - R E

ZINBET Do

« ¥—O XY — (CDM) DEMRIEMAMN? == CDM, WDM, FDM, ...

[LLN
\—
(-
il
[Lml
[1LL
\—
(-

o Y—JIXILF— (N DEEFMEMN? => 2717 —15 (EIEE

FHimlc B T SFHER
NI T« IMEDENDEDIS LR |




Reference:- Nature Rev. Phys. 4, 452 (2022)

nature reviews pnysics

Explore content v  About the journal v  Publish with us v Subscribe

N\
nature > nature reviews physics > review articles > article 7 _jj /I/ 7H& (lj:

Review Article | Published: 18 May 2022 arXiV:ZZOZ : 1 391 9
New physics from the polarized light of the cosmic

microwave background Key Words:
1. Cosmic Microwave
Eiichiro Komatsu >~ Background (CMB)

2. Polarization
Nature Reviews Physics 4, 452-469 (2022) | Cite this article 3. Parity Symmetry







/ \;J 7T 1 BIRICK T DX FNE

o NUT 1 EH = IRTTZERBEIRDRER

° (Xv Y; Z) —> (_Xa Y, _Z)

¢ MERH/CU T 4 THICH L TR TH NI

o YIERRIE. SRITZEREEIRD RERICK UTAETH %,

+ XU F o DTN = YEERIR, SRTEMEEDORERICN LT
RE TR,




R

INY 7« Za L OERE

¢ INUT 4 ZH (x —> -x) E3RTT[OERE#E (x —> Rx) [FER D,

o [EIFREHARISLEAVEEZIR T, 175N det(R) = +1.

o JNU T ZHIIEEIIEIRT, 1T (-1




|
-

Y — —Y
2 —Z 0

NV 7« T = §R1R + 2R JT[olER

e JNU T 4 ZTHuE., 1D DEIEHICEET DEHR
T (BIZIE. z->-2) & FOEEAZEEFED

D180ED2RITCEEE TH D EEZ D I EN
T= 5,

o ERICP>THLD !







cos/ sind )

—sinf@ cosft
with 0 & 11




2. TN NV EHATI 7 —




N7 MV

Bl - EEEPERE

€2
P = Dx€y T Py€y + P2€, €; ITEEBMNY N
€y
€
N,
e I Al /] A/ ] A/
X p = pajea: +py6y +pzez
N,
] A ] A ] A
ey — —PzrC€x — pyey — P.€2
N,
ez

e PZ2DDERBEENY NILZHWTERI %,

: PERALBOENS, ZDBNE(Py, Py Py) = (—Pz, =Py, —P2) EEMS N3,

12



wN7 M

#l : EEESECKIS

Z@a(L'L/IJ):

. BERS, BRIV KNLr=(X,Y,2Z) H&E:
DECME/INY) T IR U TR

Y'p, — Z'p,
= (—Y)(—p2)
—3

= (L=rXxp) & 8BRY Nle ZOEMNE/ICYF 1 THICK LT

(Lzs Ly, L)

)

E

N7 MLp =Pepyp) %

7%' %EZ% 7":5730

- arXiv:1208.6409 [ph

mclass-ph]



AN ZT—
IND T 4 HIEDRRICHRIEE

o XU NMNILEBNT NLVDEIFERANDZ—,

o ANT—ERAkIC, BAN T —IEEEEZHICXT UTAE,

¢ ANT—RBFNI) T BB UTHERERD, AN T —EFFEZ2EZ 5,

o N T4 WIMEDRZDHETT - IEENSBMAN T —ZERL. TDFEIEH
REDIHBENTEOTHEINE DD ZHERT 5, EATRIFNIE/INY T o XIFR
IE iﬁxn'( \J\%)o

e Bl: I FADEHE LR FBOAEFEDIEP, - LyZAIEHAET 5, D
FEEEEON? (py-Lg)=07)




3. N—YAREICEITB/IVY 7+
N DIRNDFEEF



| etters to the Editor,
Physical Review, 105, 1413 (1957)

Experimental Test of Parity Conservation
in Beta Decay™

C. S. Wu, Columbia Unzversity, New York, New York
AND
E. AMBLER, R. W. HAywArD, D. D. Horpes, aAnD R. P. Hupson,

National Bureaw of Standards, Washington, D. C.
(Received January 15, 1957)

N a rccent paper! on the question of parity in weak
interactions, Lee and Yang critically surveyed the
experimental information concerning this question and
reached the conclusion that there is no existing evidence
either to support or to refute parity conservation in weak
interactions. They proposed a number of experiments on
beta decays and hyperon and meson decays which would
provide the necessary evidence for parity conservation
or nonconservation. In beta decay, one could measure
the angular distribution of the electrons coming from
beta decays of polarized nuclei. If an asymmetry in the
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Lue, Wang, Kamionkowski (1999); Feng et al. (2005, 2006)
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Wu et al. (2009); Miller, Shimon, Keating (2009); EK et al. (2011)
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R 2L

1iEo'C\ WIZIc kS5 7 7 77 —LIETIEFHRATE R,

033 +0100 | ¢ THRBEIZZERT SIEDR
ﬁfﬁﬂ%?%(7?5?—
EE5) HY. FD[O)Ex Fiﬂ

& c-ﬁk?——é_%ﬁ(l/) x U %

1.5

1.0

. HITERE

. fox v, n=—0.20%7%
(68% CL)

0.0

Cosmic birefringence angle, /5 [deg]
0.5

—0.5

e« 7727 —[EEE (n = — 2)

3044 70 100 143 217 353 TIIERIATE 1LY,
Frequency, v |[GHZ] 39




EK, Nature Rev. Phys. 4, 452 (2022)

FHERTMRG SAZEKRT 5D ?

BEEYB. HIVWEBREIRILF—DIFZXICK >THHATE S,

I = /d4w\/—g [—%(W)Q — V(x)




EK, Nature Rev. Phys. 4, 452 (2022)

FHERTMRG SAZEKRT 5D ?

BEEYB. HIVWEBREIRILF—DIFZXICK >THHATE S,

1 1 e -
I=[dzy/—g|—=(0x)*—-V(x) — -F*° - —xFF
[ dtov=g|-5@x07 - V60 - 1F* - fox
e HIESNICAERHLrSUTOHEMNSZE5NS,

2

Ax = X(Tobs) — X(Tem) =

s HbUBEIXRILF—R5 FHEHIEH NS !

s HURBEYELGS | DR EHBEBEVEDO—ZRIE/NY T I EZIE S |



=Yl

3 L W D JE IR ? s AR AL,
Lo St Ax o M P
¢ U F OB, FHRICHITZHLWHLTF % O * Iy
L ,""
- 2 i/ > /

EEVEVCPEEIRIL T —OXRFZRIEICRDFIEIEDD B,

+

o N T A XFMEIXFWHAEERATIRNLTWADENS, BEYVBEPREREIX
ILF—DiZDOBEERAT/N T« [IVELSENTVWTHERER TR,

s IRFEDRER | FHERITDIRDORITNESEINE3.60, FHZEMFEIE., /WU
T4 WM ABEYECPEBEIRILTF—TTEHRLETNTWVWEZDOHN?

¢ 3/_ALILL/7—L_%:;}L:/HIJ CJ:%) L|:|lL; //Z\ ' 79b7$ﬁ;AEE %R@T /57 U U — A6
(ACT DRe6) H'3H18H! %Eénn\%o ETHFERLL,




