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| first met Hitoshi when | was a student. (97-'02)
He occasionally visited Japan from Berkeley to attend workshops, etc.
He was someone we all looked up to.

At one such workshop (a Summer
Institute at Mt. Fuiji, if | remember correctly), ... followed by a banquet with

we had a discussion in the evening, drinks late into the night.




To my surprise, the next morning,
Hitoshi greeted me cheerfully, like....

Good morning
Hama-chan!
I thought about

it after we talked

' last night.

A great researcher
makes progress,
even in their sleep.

Hitoshi



| have one co-authored paper with Hitoshi.

This work was initiated during my visit to
Berkeley in February—March 2001.

At that time, | was just a clueless Ph.D. student.

When | arrived, Yasunori kindly picked me up at

the airport and showed me around San Francisco.

Thank you very much, Nomura-gan!

cf. J.Yokoyama-san's talk on Monday.

Sep. 2001 UT-057

LBNL-48679
UCB-PTH-01/30
hep-ph/0109030

Leptogenesis from N-dominated early universe

K. Hamaguchi!, Hitoshi Murayama?? and T. Yanagida'**

L' Department of Physics
University of Tokyo, Tokyo 113-0033, Japan
2 Theoretical Physics Group
Ernest Orlando Lawrence Berkeley National Laboratory, MS 50A-5101
University of California, Berkeley, California 94720
3 Department of Physics
University of California, Berkeley, California 94720
4 Research Center for the Early Universe
University of Tokyo, Tokyo 113-0033, Japan

Abstract

We investigate in detail the leptogenesis by the decay of coherent right-handed
sneutrino N having dominated the energy density of the early universe, which was
originally proposed by HM and TY. Once the N dominant universe is realized,
the amount of the generated lepton asymmetry (and hence baryon asymmetry) is
determined only by the properties of the right-handed neutrino, regardless of the
history before it dominates the universe. Moreover, thanks to the entropy produc-
tion by the decay of the right-handed sneutrino, thermally produced relics are suf-
ficiently diluted. In particular, the cosmological gravitino problem can be avoided
even when the reheating temperature of the inflation is higher than 10'° GeV, in
a wide range of the gravitino mass mg/;, ~ 10 MeV-100 TeV. If the gravitino
mass is in the range mg/;, ~ 10 MeV—-1 GeV as in the some gauge-mediated su-
persymmetry breaking models, the dark matter in our universe can be dominantly
composed of the gravitino. Quantum fluctuation of the N durmg inflation causes
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| have one co-authored paper with Hitoshi.

This work was initiated during my visit to

Berkeley in February—March 2001.

During the three-week visit, Hitoshi kindly

took the time to discuss with me,

and we started a collaboration.

Hitoshi

1

me

|

me sending handwritten
figures to Tsutomu in
Japan (by FAX),

Tsutomu
in Japan

cf. J.Yokoyama-san's talk on Monday.
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Abstract

We investigate in detail the leptogenesis by the decay of coherent right-handed
sneutrino N having dominated the energy density of the early universe, which was
originally proposed by HM and TY. Once the N dominant universe is realized,
the amount of the generated lepton asymmetry (and hence baryon asymmetry) is
determined only by the properties of the right-handed neutrino, regardless of the
history before it dominates the universe. Moreover, thanks to the entropy produc-
tion by the decay of the right-handed sneutrino, thermally produced relics are suf-
ficiently diluted. In particular, the cosmological gravitino problem can be avoided
even when the reheating temperature of the inflation is higher than 10'° GeV, in
a wide range of the gravitino mass ms,, ~ 10 MeV-100 TeV. If the gravitino
mass is in the range mg/;, ~ 10 MeV—-1 GeV as in the some gauge-mediated su-
persymmetry breaking models, the dark matter in our universe can be dominantly
composed of the gravitino. Quantum fluctuation of the N during inflation causes
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| have one co-authored paper with Hitoshi. Sep. 2001 UT-957

LBNL-48679
UCB-PTH-01/30
hep-ph/0109030

Leptogenesis from N-dominated early universe

« This paper iIs one of my favorites and
beCame ad main pa rt Of my Ph.D. theSiS. K. Hamaguchi!, Hitoshi Murayama?? and T. Yanagida'**

.| especially like this paper for pointing eut
an upper bound on the CP-violating phase

In Leptogenesis.

-While an explicit proof of 0.4 < 1
was not included in the HMY paper, }
it was provided in my Ph.D. thesis. }

Ph.D thesis

cf. Davidson-Ibarra, 2002. e e maien s Aot
( , ) Cosmological Baryon Asymmetry and Neutrinos:

Barvogenesis via Leptogenesis in Supersymmetric Theories

| truly appreciate Hitoshi and Tsutomu for their
collaboration and this invaluable opportunity. Koichi Hamaguchi

‘ I Department of Physics, University of Tokyo, Tokyo 113-0033, Japan




About my Ph.D. thesis,...

| needed co-authors' approval.

T. Asaka,

M. Fujii,

M. Kawasaki,
H. Murayama,
T. Yanagida.
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Ph.D thesis
Letter of Consent and Acceptance

Cosmological Baryon Asymmetry and Neutrinos:

While the thesis being submitted by Mr. Koichi Hamaguchi contains parts created jointly by myself as a Baryogenesis via Leptogenesis in Supersymmetric Theories
co-author (or research collaborator) and Mr. Koichi Hamaguchi identified and listed as follows, I, the

undersigned, hereby accept and agree that those parts will be treated as an integral part of the doctoral
thesis by Mr. Koichi Hamaguchi.

Koichi Hamaguchi
Please tick (1) or (2) whichever is applicable.

Department of Physics, University of Tokyo, Tokyo 113-0033, Japan



About my Ph.D. thesis,...

| needed co-authors' approval.

stamp (inkan)

The rule back then:
"Non-Japanese sign, Japanese use a stamp (inkan).”

| emailed Hitoshi.

But somehow the stamp wasn't an option.
(I asked too late, or he didn’t have his stamp with him, or for some other reason — | don't remember...

The office insisted:
“You need a stamp from him. By the deadline.”

| was stuck.

| went back to the office, and (if | remember right...)
they told me,...

"By the way, there’s a stamp shop in front of the university...”

(You can guess the rest. Fortunately, my thesis was accepted, and here | am today...)




2007, IPMU launched!

In the early days,...

. | occasionally (or maybe fairly often?) came to IPMU.

(2006, | joined Physics Department)

. | also collaborated with IPMU members and wrote papers.

IPMU 08-0113
UT-08-34
KEK-TH 1294

2008

Dark Matter Model Selection and the ATIC/PPB-BETS anomaly

Chuan-Ren Chen!, Koichi Hamaguchi?, Mihoko M. Nojiri',
Fuminobu Takahashi! and Shoji Torii
LInstitute for the Physics and Mathematics of the Universe,
University of Tokyo, Chiba 277-8568, Japan,
2Department of Physics, University of Tokyo, Tokyo 113-0033, Japan,
3 Theory Group, KEK and the Graduate University
for Advanced Study, Ibaraki, 305-0801, Japan,
Y Research Institute for Science and Engineering, Waseda University,
3-4-1, Okubo, Shinjuku-ku, Tokyo, 169-8555, Japan
(Dated: June 14, 2013)

Abstract
We argue that we may be able to sort out dark matter models in which electrons are generated
through the annihilation and/or decay of dark matter, by using a fact that the initial energy
spectrum is reflected in the cosmic-ray electron flux observed at the Earth even after propagation

through the galactic magnetic field. To illustrate our idea we focus on three representative initial

2009

Decaying gravitino dark matter and an upper bound on the

Koichi Hamaguchi’?, Fuminobu Takahashi? and T. T. Yanagida'?
L Department of Physics, University of Tokyo, Tokyo 113-0033, Japan,

We show that
BETS anomalie

a gluino mass ai

of LHC, if the ¢

2Institute for the Physics and Mathematics of the Universe,

IPMU 09-0005

gluino mass

University of Tokyo, Chiba 277-8568, Japan,

2009

Non-thermal Gravitino Dark Matter in Gauge Mediation

Koichi Hamaguchil*2, Ryuichiro Kitano®, Fuminobu Takahashi?

1 Department of Physics, University of Tokyo, Tokyo 113-0033, Japan
2 Institute for the Physics and Mathematics of the Universe, University of Tokyo,
Chiba 277-8568, Japan
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2

nstitute for the Physics and Mathematics of the Universe

... and we remain great friends and occasional collaborators.

2016

From the 750 GeV Diphoton Resonance to Multilepton Excesses

Kyu Jung Bae?®, Chuan-Ren Chen®, Koichi Hamaguchi®¢ and Ian Low %¢
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Hitoshi has also been deeply involved in the Physics Department,
contributing In various ways, e.g.:

cf. K.Tobioka-san's talk
on Tuesday.

. Organized joint reading courses for students in Kashiwa and Hongo. SRSt

- Led 'Berkeley Week' — joint workshops with Berkeley members.
cf. H.Fukuda-san's talk today.

e Launched FOPM (=The Forefront Physics and Mathematics Program to Drive Transformation)
as the Program COOrdinatOr. cf. H.Yokoyama-san's talk on Monday.

« Financial support from master’s course. (cf. JSPS.)
- Various features: Lab rotation, second supervisor, etc.

. etc., etc.

We are truly grateful for Hitoshi's leadership and continued support.



Exploring Physics Beyond the Standard Model
via Temperature Observations of Neutron Stars

Koichi Hamaguchi (Tokyo U.)

@Hitoshi Fest, Kavli IPMU, Dec. 19, 2024

Based on the works with

Motoko Fujiwara, Natsumi Nagata, Maura E. Ramirez-Quezada, Keisuke Yanagi, Jiaming Zheng

(+ Shao-Feng Ge, Yoshiki Kanazawa, Koichi Ichimura, Koji Ishidoshiro, Yasuhiro Kishimoto, for the work on SN axion)

references

NS heating by DM: arXiv 2309.02633, 2308.16066, 2204.02413, 2204.02238, 1905.02991, 1904.04667.
NS cooling by axion: 1806.07151.

SN axion: 2008.03924.



https://arxiv.org/abs/2309.02633
https://arxiv.org/abs/2308.16066
https://arxiv.org/abs/2204.02413
https://arxiv.org/abs/2204.02238
https://arxiv.org/abs/1905.02991
https://arxiv.org/abs/1904.04667
https://arxiv.org/abs/1806.07151
https://arxiv.org/abs/2008.03924
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Atmosphere
Envelope
Crust
Outer core
Inner core

Neutron Star

. . N
Neutron superfluid Neutrop superﬂuid>,: ! =
Neutron vortex Proton superconductor =/

Neutron vortex —— [/
Nuclei in a lattice  Magnetic flux lube-—\)

e Mass : M ~ (1 —2)M, (Mg = solar mass) fig. from 1302.6626

heaviest one found so far: M ~ 2.35M, (pulsar PSR J0952-0607 [arXiv:2207.05124])

e Radius : R ~ 10 km

° DenSity . 15 — M ~ 7 X 1014g/cm3 cf. nuclear density ~ 3 x 10*g/cm?
(4r/3)R3

° mostly Composed of neutrons, + 0(10%) protons, electrons, muons.

e Most of NSs are found as pulsars.
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https://arxiv.org/abs/2207.05124

NS Cooling

dT

O =CLXL

Temperature Evolution.

C = dEthermal

dT
C=C,+C,+C,+C,

(heat capacity)

Neutrino emission
dominant for a young NS (z < 10° yrs)

Direct Urca p\<

Modified Urca
(& Bremsstrahlung)

p

strong int.

For reviews, e.g., D.G.Yakovlev+, astro-ph/0402143,
D.Page+, astro-ph/0508056, 1302.6626

/

Neutron
Star

Photon emission
dominant process for an old NS (z > 10° yrs).

L, = 47R*0sT,

¥ assuming isothermal state 7(r) x e~®" for simplicity (valid for ¢ > 100 sec). ‘ 15



(—

The standard cooling scenario can successfully

For reviews, e.g., D.G.Yakovlev+, astro-ph/0402143,
D.Page+, astro-ph/0508056, 1302.6626

explain many NS temperature observations.

Surface Temperature
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D.Page+, astro-ph/0403657,

M.E.Gusakov+, astro-ph/0404002,
D.Page+, 0906.1621

M. E. Gusakov, A. D. Kaminker, D. G. Yakovlev, O. Y. Gnedin
Mon.Not.Roy.Astron.Soc. 363 (2005) 555-562

D. Page et al. / Nuclear Physics A 777 (2006) 497-530
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This talk
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8 PSR B1706-44

9 PSRJ0538+2817
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11 PSR 0656+14
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® NS heating by DM

- Kouvaris, 0708.2362
BaSIC Idea Baryakhtar+, 1704.01577

.

DM annihila_tion
xx = If

dT
DM )( CE — _Lv _Ly T LDM heating

o’

—

<L, ~ ()

Ly = nbzpDMvDM (b ~ 1O3RNS)

—> T ~ a few 1000 K

w/o DM

Neutron
Star

surface temperature [K]

103: | Ll | Ll | | I\I IIIIIII |
103 104 105 108 107
age [years]

Old and warm NS = DM signal ?! 5




™ NS heating by DM

Example

e Electroweak multiplet DM
e.g., Wino and Higgsino in SUSY

Fujiwara, KH, Nagata, Zhenqg [2204.02238]

The masses of the DM y and its partner y’ are
degenerate, AM < M,

- Inelastic scattering is important.

DM y
v~ 1072¢ -+ AM < 0(100) keV is necessary

0 0’
AM . . .
- X LMoy X direct detection for inelastic scattering.
scattering 9t 7 experiments DM ¥
v~c - AM < O(100) MeV is necessary
N N for inelastic scattering.

NS
NS is much more sensitive to inelastic scattering. 20



® NS heating by DM

Example

« Electroweak multiplet DM

Fujiwara, KH, Nagata, Zhenqg [2204.02238]

n:Z,Yzl/Z,mDleTeV

107% ¢
- g=2,ct=0,c=¢,=1
— =S aambimaten Qoo o ]
= . PandaX-4T
5 v floor
....... XENON20ty
10746 —
E|
5l LZ 2022+2024
@ba ...................................... NN FOTRROY
10747
AM, < AM,,..
—
10—48 L 11 llgll

10 s 10°
- : PandaX:
direct detection AV EXENON .
. . n
experiments (elastic) . I

NS (inelastic)

Direct detection and

NS heating can play
complementary roles.

A [Gev] cut-off parameter [ 21



® NS heating by DM

Challenge

dT

C E ~ — L}/ + LDM heating + Linternal heating

There may be some internal NS heating mechanisms.
(...motivated by observations of old and warm NSs.)

We studied two kinds of such internal heatings and their effects on DM probe.

Rotochemical heating vs DM heating Vortex Creep heating vs DM heating
KH, N. Nagata, K. Yanagi M. Fujiwara, KH, N. Nagata, M. Ramirez-Quezada < (more detalls in backup slides..)
[1904.04667] +[1905.02991] [2308.16066] + [2309.02633]

P=1s,P=10"1 Py=10ms, M =1.4M,

== ™| | DM signal may be masked depending
. 5 ol on the scenario and parameters.
. — o - Further studies of NSs, both

" reutonc a2 ' theoretical and observational, are

S Y N wh A crucial for verification.

107 10° 10° 107 108 10° 107 105 108 1010

tlyrs] Time [year]


http://arxiv.org/abs/1904.04667
http://arxiv.org/abs/1905.02991
https://arxiv.org/abs/2308.16066
https://arxiv.org/abs/2309.02633
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® NS cooling by axion

Cas A NS

- At the centre of the Cassiopela A
supernova remnant.

» ~ 340 yrs old. (A young NS.)

KH, Nagata, Yanaqgi, Zhenqg, [1806.07151]

Bl image from Wikipedia

- The only isolated NS whose cooling has been observed in real time.

- Temperature decreases by (3-4)% in 10 years.
- This rapid cooling is difficult to explain with M.Urca.

- It can be explained by the PBF process.
«"Evidence of superfluidity in NS".

D. Page +, 1011.6142 [Phys.Rev.Lett.].
P. S. Shternin +, 1012.0045 [MNRAS].

See also: Posselt+, 1311.0888, Posselt and G.G.Pavlov, 1808.00531, 2205.06552,

W.C.G.Ho+. 1904.07505, Shternin+, 2211.02526.

T= (108 K)

BSk21-1.441 Mg,
[ Fe envelope
- ns—SFB
- ps—CCDK
. nt—TToa

- x2/dof=4.4/8

11— phase transition T = T

sudden, rapid cooling by
PBF neutrino emission.

Fig. from

W.C.G.Ho+, 1412.7759.
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® NS cooling by axion

KH, Nagata, Yanaqgi, Zhenq, [1806.07151]

Neutron
Star

negligible for 7 ~ 300 yrs


https://arxiv.org/abs/1806.07151

® NS cooling by axion

AT
C— =—L,—1L,
di “

KH, Nagata, Yanaqgi, Zhenqg, [1806.07151]

Neutron .~
St ar

axion emission

N= Ja
—pP,Nn , , 1
immteraction o< —

fa
Cy : model—dependent parameter
- {Op = —0.47(3)
C,, = —0.02(3)

= —0.182(25) — 0.435 sin”
DFS7. Cp 0.182(25) — 0 35SI.I125
Cp = —0.160(25) — 0.414 sin” 3
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® NS cooling by axion

KH, Nagata, Yanaqgi, Zhenqg, [1806.07151]

KSVZ,n=5x 10713
— No axion
----- f,=1x10° GeV
——- f,=6 %108 GeV
2x10%E — £, =4 x 108 GeV
3
|8\m
K. Hamaguchi,
N. Nagata,
| K. Yanagi,
320 340 J. Zheng,
6 | | — 1806.07151
10102 2x10° 3x10° 4x10°
Time [year

obtained a new bound: f, > 5 x 10° GeV (KSVZ)

(for an envelope with a thin carbon layer)

cf. SN1987A bound: f, > 4 x 10°® GeV

1

Interaction o< —

fa


https://arxiv.org/abs/1806.07151

® NS cooling by axion

KH, Nagata, Yanaqgi, Zhenqg, [1806.07151]

y A .
» -
= PG -
0 particle dota growp A

-l pdalive ESTIglyElRE S | Reviews, Tables, Plots | Particle Listings

pdgLive Home > Axions (A") and Other Very Light Bosons, Searches for > Invisible A” (Axion) Limits from Nucleon Coupling

2019 Review of Particle Physics.
Warning: production version with current encodings in progress

Invisible A” (Axion) Limits from Nucleon Coupling _INSPIRE search

Limits are for the axion mass in eV.

VALUE (eV) CL% DOCUMENT ID TECN COMMENT

» » » We do not use the following data for averages, fits, limits, etc. * +

< 65 95 1 AKHMATOV 2018 CNTR Solar axion

< 6.6 90 2 ARMENGAUD 2018 EDE3 Solar axion

< 0.085 90 3 BEZNOGOV 2018 ASTR Neutron star cooling

< 12.7 4 GAVRILYUK 2018 Solar axion
< 0.01 5 HAMAGUCHI 2018  ASTR Neutron star cooling .

Neutron
<93 90 7 ABGRALL 2017 HPGE Solar axion
<4 90 8 FU 2017A PNDX Solar axion
9 KLIMCHITSKAYA 2017A Casimir effect
< 177 90 10 LIU 2017A CDEX Solar axion
< 100 95 11 GAVRILYUK 2015 CNTR Solar axion

42 L IAACLIITCW ANVA S L franimmier lAanes

K. Hamaguchi, N. Nagata, K. Yanagi,
J. Zheng, 1806.07151
See also:

M. V. Beznogov+ [1806.07991].

L. B. Leinson, [1909.03941] [2105.14745].
Buschmann+, [2111.09892 ]

+ K. Hamaguchi, N. Nagata, J. Zheng,
work in progress

B
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(® Supernova Axion

- What if a nearby supernova occurs in near future?

nearby supernova




(® Supernova Axion

¢ What |f a nearby Supernova OCCUFS |n near fUture? cf. Mark Vagins-san's talk on yesterday.

40

- Energy (MeV)

nearby supernova

-
,0 +—
-

b~

[ wIISOVE e e

10 4= Background
"------------°'°-°°'°°°.°°--0-’-Q ---------------
0 [ 2 | | 1 ! 4 2 4 2 ! 2 1 A s ! 4 A ' s
-60 -30 0 30 60
Time (secon d)
-SNT1987/A

neutrino burst within Ar ~ 10 sec.

- Future: various neutrino detectors




(® Supernova Axion

- What if a nearby supernova occurs in near future?
If the axion exists,...

NN — NN’ + a
(N, N"=n,p) Law= 2, — Nr'r’Noa
R T N=n,p ’¢

C,=—047
a (KSVZ7)
y C,=-0.02
"""" )7 C,=—-0.182 - 0.435 sin’ f3
o R (DFSZ7)
C,=-0.160 + 0.414 sin’ f3

nearby supernova




(® Supernova Axion

- What if a nearby supernova occurs in near future?
If the axion exists,...

nearby supernova

(




(® Supernova Axion

- What if a nearby supernova occurs in near future?

nearby supernova




(® Supernova Axion

- What if a nearby supernova occurs in near future?

¥ extremely rare!

cf. Mark Vagins-san's talk yesterday.

We have shown that, if a nearby (< a few 100pc) supernova (SN), such as Betelgeuse, occurs,..

...by using a "axion Supernova scope”
with the help of pre-SN neutrino alert, ...

“~~._ X-ray detector

...0(1-10) SN axions may be detected!

107
10~8

1079

vy (Gevl)

> 10-10

"Supernova-scope for the Direct Search of Supernova Axions” -

ellar ica- E

TR / etelgeuse-
.If\)\k{:t;””’,::;’/”’,/" ica- ]
10—12 ) f Y| ) ) T | ) ) R | SNSFope. @. IA.‘).(O.—.’_.

S.Ge, KH, K.lchimura, K.Ishidoshiro, Y.Kanazawa, Y.Kishimoto,
N.Nagata, J.Zheng, [arXiv:2008.03924] 10~ 0 o i o



http://arxiv.org/abs/2008.03924
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Z ﬁN’Y ’y5N(9 a

=p,n 1
=P interaction o< —
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Surface Temperature
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CI = —Lb _L;/ + LDM heating
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= T ~ afew 1000 K

w/ DM_\/
\\\‘ |
BT R T R T

3 PSRJ1119-6127 1
| 4 RX]0822-43

. 5 PSRJ1357-6429
! 6 RXJ0007.0+7303
v 7Vela

|
|
|
|
|
i
v 1Crab
|
|
|
|
|
|
|

2

4
10 t [yr] 10

—_—

age |[years
Old and warm NS = DM signal 2!} —




Murayama-san,

Thank you very much!
and Happy 60th Birthday!! &
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