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Results on Temperature Anisotropy of the Cosmic
Microwave Background from the Planck Satellite

Eiichiro Komatsu

abstract: On March 21, 2013, the Planck collaboration has released
the first 15.5-month data of temperature anisotropy of the cosmic mi-
crowave background, as well as the papers describing the cosmological
interpretation. The most important discovery from the Planck data is
that the amplitude of the primordial curvature perturbation on large
scales is slightly larger than that on small scales. This is the first time
that such a variation of the amplitudes of fluctuations on scales has
been measured from the cosmic microwave background data alone with

more than 5 standard deviations. This discovery provides the strongest

ever evidence of the “cosmic inflation” paradigm.
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Polarization of the Cosmic Microwave Background:
Current Status and Future Prospects

Eiichiro Komatsu and Masashi Hazumi

abstract: The cosmic microwave background is polarized, and the pat-
tern formed by polarization directions in the sky can be decomposed
into the so-called “E-mode” and “B-mode” patterns. Motion of plas-
mas falling into gravitational potential wells at the photon decoupling
epoch generates E-mode polarization, whereas it cannot generate B-
modes. There are two sources of B-mode polarization within the con-
text of the standard cosmological model: one is the gravitational lens-
ing effect converting E-modes to B-modes; and the other is the
primordial gravitational waves generated during cosmic inflation. The
E-mode polarization has been measured repeatedly over the past years,
and we have witnessed a revolutionary growth in the quality and quan-
tity of the B-mode measurements from the summer 2013 to the spring
2014. We review the current status of the polarization measurements

and discuss future prospects.
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New Approaches to Nuclear Pairing Problem through the
Pfaffian and Grassmann Algebra

Makito Oi and Takahiro Mizusaki

abstract: The Hartree-Fock-Bogoliubov (HFB) theory, an extended
theory of the Bardeen-Cooper-Schrieffer theory, is rich in physical and
mathematical structures. Nuclear physicists have struggled to find com-
pact formulae to evaluate HFB transition matrix elements of many-
body operators, which handle the pairing correlations. A recent break-
through has brought us a new formula in terms of the Pfaffian. In the
derivation, the Grassmann algebra and the Fermion coherent states
were employed. These findings have opened up a new way to tackle

the quantum many-body problems in the presence of the pairing.
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A Complete Census of the X-ray Brightest Galaxy Cluster
out to the Virial Radius with Suzaku
Aurora Simionescu, Norbert Werner and Kazuhisa Mitsuda
abstract: A large fraction of the baryons in the Universe, about 90%,
have not been converted into stars, but instead reside in the hot, X-ray
emitting, diffuse plasma which fills the space between galaxies. Until
very recently, however, it was only possible to measure the properties
of the brightest parts of this X-ray plasma. Thanks to the low back-
ground nature of the science instruments, Suzaku has opened up the
possibility of exploring the clusters of galaxies out to the Virial radius
for the first time. This has allowed us to study the ongoing largescale
structure formation process by looking at how the gas that is constantly
accretes onto clusters of galaxies from the surrounding cosmic web fil-
aments comes into equilibrium with the rest of the intra-cluster medi-
um.

The mapping observations of the nearest and the brightest Perseus
cluster of galaxies, being composed of 84 pointings in total in 8 differ-
ent radial directions, revealed that the entropy distribution is flatter than
that of theoretical prediction and the density at the cluster outskirt is

larger than what is evaluated using the Sunyaev-Zel'dovich effect.

These intriguing deviations can be explained if the accreting material is
originally clumpy, and it retains the this inhomogeneity in density after
it passes the shock front.

The same mapping observations of the Perseus cluster have also al-
lowed us to measure the metal content of the intracluster medium with
exquisite accuracy out to the virial radius. The data revealed that the
iron abundance is distributed very uniformly beyond the cluster core,
not only as a function of radius but also as a function of azimuth. The
fact that the metals are so well mixed, instead of following the distri-
bution of the stars, implies that the metals must have been ejected from
the galaxies into the intragalactic medium before the clusters formed
and the entropy became stratified, preventing further mixing from tak-
ing place efficiently. The result suggests that the outflows driven by su-
pernova explosions and by the supermassive black holes at the centers
of massive galaxies were extremely powerful more than 10 billion
years ago. This is new and important information that must be consid-
ered when modelling the evolution of galaxies in the early Universe. In
addition, it leads to the important prediction that the metallicity in and
around all massive clusters should be constant at about 0.3 of the solar

value, which is the same value as measured in the Perseus cluster.
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DIRN, AW S XL BIEE OB ETHARS K1(a)
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nal of the Physical Society of Japan (JPSI) ® 2014 47 A &
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W5 XIZHBIL, UNTAHET 2IREDSHY TI2B0 % mitkin i g %
AR b REY % AT 2 O RRBEME R R I 2SR I X ) Bl S,
WERARE (T=2K) IZBVWTHA® S EPFHALTWE I L2515,
(b) BEHHC X B BRBEPE DI (0T curie = Tewie (H) = Tewie(H")) & BRI O]
K (0Tsc = Tsc (H') = Tsc (H*)) OWHHKAFYE. HAS (D. Aoki, ef al.: J. Phys.
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ERHRIELEVIHHIEOD &, WKLY 5 & &R
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BRI DA i § AN S 2 — IR 5 2 &
ZUREICL, WMEEEW S EAVRRRICE o THEHETHDH Z
EZBRARTHDOTH 5.

7 7 VSRRBENEB BRI IREENE Y 5 & LB(ZE 0 AR
PEEMGET 256 EHE—DBITH V), MY S & & E(nE
DN BT 2 IE OB 2 FEERIICWIR L7213 fthi i 2 W
. ARCRIE, EREETE & I 2 R B (AR & B
52 ETEELRZT TR, —RICHERD S &N L
T 5 BAER BB OMGEIC b EE LR L EZE 2 6N5.
ZE 3

Relationship between Ferromagnetic Criticality and the En-

hancement of Superconductivity Induced by Transverse

Magnetic Fields in UCoGe

Taisuke Hattori, Kosuke Karube, Kenji Ishida, Kazuhiko De-

guchi, Noriaki K. Sato and Tomoo Yamamura: J. Phys. Soc.

Jpn. 83 (2014) 073708.

(e it © &= BRI R A BB AR FE R
MRl (R AR B B A b 728t
ek (iR R AR EBE P2 7ER) )

News and Comments
A Pressure Cell is Unnecessary to Suppress Ferromagnetism

H. Kotegawa: JPSJ News Comments 11 (2014) 12.

BEFRN : CeRuSLBLTZNELND7 oIV IME,
X 2R, EFHEEBE dHVAMRICESE
H (FAEE, ANEE, FIBX—)

fETAYRT LB, [RE] o2k, &ns ok
M FE T RWENZEOP.ONEED—DTH Y, F72,
RO FHBEBONROEIE I > THDTHLEED
TWBHETH D, RBEFH S FETFIRE RS IRE
WHBHIEFELCED X CBlIn G, F/2, X 5@k
HRBR B TR TED X ITBLT Do nT
FLOZBDTHAS. CeRuSh EFDEEITINTTEL
DFBI L - TR FEMICHIZE I N T LM £ 1%
WEDO—>ThH 5. WM FETRWE IO W THERENIC
BT HDOTIERL, 12OWHRIERTEILITES
T, MEELZACHE L, RICNTET 2HEMEH Z %5
CHnoETnd, T, 20l 2 BE 27 T8
TdH 5 dHVA IR OB S & W, MEERBED X9
WS 202 HLNIL72b0THE. SHI, Thb
DFERH O WA IR R RS 2B 5 FETIREEIC
DV, B (Rl D2 X 20803 L
LB TRV LB RENT WA, dHVA R RICE T
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FWHEICHT AL Ea—E LT, $7, dHVARIRO&EH
DFF L LTHERHTH 5.
Fermi surface properties, metamagnetic transition and quan-
tum phase transition of CeRu,Si, and its alloys probed by
the dHVA effect
H. Aoki, N. Kimura and T. Terashima: J. Phys. Soc. Jpn. 83
(2014) 072001.
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HHATONCE L OMAETHEERDT 1 7y 7 BT
DIEFNHE D o 728G L NEBROMZEE 512 X 2B TH
5. ZROZRITETHIL I NG TH LD T 7 =
VEROBLELNTHS. ZNIZEoT, BIREaFX Yy
TARBARD JE 710 B AUREIRER & v ) L WiFZE 528
B, S OISR RNEERE, 77 72Tl
Rt R e e W P OB S BB IC R o 72, TA T v 7 a—
YHRELMNTNDL LB T T T2 v RGBT
Y, TORRIIBEBESR IS ORI L WAL BB I
MEN/z, ATk, ZORDIEEE TORMIHMN S,
TR WBHLG % F2 5 & PR O ML Y70 6 T E#EITHRIH S N
T3, BEFOT 4Ty 78 TRICHET 205 CH#E D>
TWa, HHVEIND LD LHITEE R FEICEID
BHD1DOTH 5.

Molecular Dirac fermion systems—Theoretical and experi-
mental approaches—

K. Kajita, Y. Nishio, N. Tajima, Y. Suzumura and A. Ko-
bayashi: J. Phys. Soc. Jpn. 83 (2014) 072002.

Z T HARYp LA 45235647 L T\ % Journal of the Physical So-
ciety of Japan (JPSJ) D#FisC T 2014 4E 5 HIHBIRAT & % o 72 H 5
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CHBRENZGELH N TTOT, AbLETCITE TSV, IPSTHE
EZRAERTRYHY OB 5O 555 ORIREVGRSCE [1FEH R
ELTIOMTHRALIVERSTWET. WHEAZE,SD
IPSIND BRI ML 5.
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ARIFEE, T~ 7 aEE S (CMB) 12X 254
DIHINE X OFEBRIFZEICOWT, JEED SRR
Wil ELEFTEAIN—LZVE 22— DaL 73T
H5.

CMB DFH#ER W52 13, A. A. Penzias & R.W. Wilson I &
HEHMETERORA (1964 4F) IZHET Y RVWERZ 3O
A5, AR E QBB DSRIEN ITHIR L7z, I 1990 4K
NASA ® COBE #2125 CMBD TR )V F— A X7 bl
DR E L IREDOIESEH DT, By FNvg
AN e I & U CHE. T 5 & JEIC, CMB 2351
DOREETER R AL L0 e TR L 2 B REME R IR L
7o, FO%, fke i FEIRS KRB OB RE L B F 22
D, COBED/R L= ZBFEDD D& L7zDHNASA
12 X % Wilkinson Microwave Anisotropy Probe (WMAP) 8
MWEETH 5. WMAP 2 BN 2012 41258 T L7295,
CMB DR FEIEEH MO HERMEICL Y (K1), FHE
RDL L DIARINTG A — 5 REAFECTHRET 5 LIS, 5
HOFHEOFERE COMGE, FHOM® 5 A7 b
DRERERBLT, Ev INVFHOBEAD X =X L
BN TREEZ D D BV, 3 BAATNOEDORK
RIZHMNOATEHEINZOTIE R L, %L OB
Wge & DI L > THEHASINADDOTHY, £ZTIEH
RANNTEEDFGHRKE W,

WMAP &, & D% Planck 5 £ B X ) mAFEE O Hy 1
CMB fi GBI BRI 5| Z Mk A3, 8772 20 BBRER Vs R 28
BFRENDOH D, L L, WMAP DB R ITMESL &

LCEELRZEHZLTBY, ZRSH7 2B EO#Y)
PR L O -0 121E, WMAPEEBINOEARD >+
Th, BLOZOBRIIHLHmNEE S DA LBREL T
BLIEPRIHEE LD, KIFRIE, ZOBE»S, FhT
BRI 725 CMBFHmm D TR T OHEARFIH L
FORFORAE RBEOLE 2 —HLICF L DB DT
H5.
RFWONBIZUTO@EY TH5. 3, WMAPFEERIC
DWW, FEHHFFEH @ Charles L. Bennett [ & H[s X ¥ /XN —
D/MRPE—RR & 25, WMAP % Hulh & LT CMB il 5255
DOWREFEHBIERITMEZ, WMAPIZBITA 7 — 5
B4 X - RSN E B X OCFHwRNT A —
T OHEEHECDOWT I VN7 Mo TEL@HE1T-
TWb., FEEEH - FRFEOBLE A S O BERIIIFEIC
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WKOWTHHLTWS, 35612, E)IME KA CMB #ill
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TR RANRED & XIS A D EHE Z OB OBLR
20T, HLFEIKA CMB OB 7 — & AsFk F iR
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BHIZOWT, WHEERSKHAE T 2ERT ¥ ¥ v v
25 CMB 2 B39 558 (B4 43 Sachs-Wolfe §2R) & & D F i
mERICOWT, LKA 77 X< @ CMB (2
KT F 522 (Sunyaev-Zeldovich R ) = H w72 a b &
CEHWFOBUIREFRICOVTHRIL TS, 512,
Aravind Natarajan [C & # HIE ALK A2SCMB 8 £ OV Fk o
21 em MO BEAYS 72 5§ T4 O FHEEE LR OB 7E~ D K
% BRI DO EMROBE» SHFH L TV 5.

BB CIGHET 2 HMEDS, TN OLIH N % W A
5 CMB O ZEDBLIR & 381D\ T L 725 SR 1At
Bl Baw., HEMROALLT, ThA»H#HIZI 0
BB AT B8 TI7E% - SRR B B OB 7E# 1R
BIObDEHRFL TV 2.
/X (2014 6 B 11 BAREHA)

Introduction to temperature anisotropies of Cosmic Micro-

wave Background radiation

Naoshi Sugiyama: Prog. Theor. Exp. Phys. (2014) 06B101.

doi:10.1093/ptep/ptu073

Results from the Wilkinson Microwave Anisotropy Probe

Eiichiro Komatsu and Charles L. Bennett (on behalf of the

WMAP science team): Prog. Theor. Exp. Phys. (2014)

06B102. doi:10.1093/ptep/ptu083

Inflation: 1980-201X

Jun'ichi Yokoyama: Prog. Theor. Exp. Phys. (2014) 06B103.

doi:10.1093/ptep/ptu081

Distinguishing between inflationary models from cosmic mi-

crowave background

Shinji Tsujikawa: Prog. Theor. Exp. Phys. (2014) 06B104 .

doi:10.1093/ptep/ptu047

Primordial non-Gaussianity and the inflationary Universe

Tomo Takahashi: Prog. Theor. Exp. Phys. (2014) 06B105.

doi:10.1093/ptep/ptu060

Impacts of precision CMB measurements on particle physics

Kazunori Nakayama: Prog. Theor. Exp. Phys. (2014)

06B106. doi:10.1093/ptep/ptu079

CMB spectral distortions and energy release in the early uni-

VErse
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Hiroyuki Tashiro: Prog. Theor. Exp. Phys. (2014) 06B107.

doi:10.1093/ptep/ptu066

Cosmology from weak lensing of CMB

Toshiya Namikawa: Prog. Theor. Exp. Phys. (2014) 06B108.

doi:10.1093/ptep/ptu044

CMB foreground: A concise review

Kiyotomo Ichiki: Prog. Theor. Exp. Phys. (2014) 06B109.

doi:10.1093/ptep/ptu065

The integrated Sachs-Wolfe effect and the Rees-Sciama ef-

fect

Atsushi J. Nishizawa: Prog. Theor. Exp. Phys. (2014)

06B110. doi:10.1093/ptep/ptu062

Cosmological and astrophysical implications of the Sunyaev-

Zel'dovich effect

Tetsu Kitayama: Prog. Theor. Exp. Phys. (2014) 06BI111.

doi:10.1093/ptep/ptu055

The Dark Ages of the Universe and hydrogen reionization

Aravind Natarajan and Naoki Yoshida: Prog. Theor. Exp.

Phys. (2014) 06B112 . doi:10.1093/ptep/ptu067

(TERRAL © /N E3EHE (KEK - SRR TR FERT -
Wit v 5 —)
/N FE— R (Max Planck Institute for

Astrophysics) )

C T HAY A= A584T L T\ % Progress of Theoretical
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