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Harald meant so much in my scientific career and daily life

¢ Invited by Prof. Dongsheng Du, my PhD supervisor, Harald visited China in October 1992. Harald
kindly agreed to be the host, for me to apply for the Alexander von Humboldt fellowship.

e I joined Harald’s group as an AvH postdoc fellow in October 1993,
and left for Nagoya in March 1996.

e I joined Harald’s group again as wissenschaftlicher Mitarbeiter in
April 1998, and left for Beijing in March 2001.

e We kept in contact, exchanged emails almost daily, made a lot of
phone calls, worked on new ideas, organized workshops together...

¢ The last time we met: February 2020 at CERN, the last good time
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etk A - “prof. harald fritzsch” {fritzsch@mppmu. mpg. de>
F&: baby and bathwater

Harald, you mist know the German proverb,
das Kind mit dem Bade ausschiitten

In English it is
Don't throw the baby out with the bathwater

i find it is a very smart idiom.

Have a nice day!
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Harald’s main interest and coauthors
The first seesaw idea for tiny v-mass
The modern formula for V-oscillation
Unexpected pattern of lepton mixing

Popular books, workshops, travelling



Harald’s wide research interests and particular tastes
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Harald’s working styles/tastes

¢ Simplicity from deep correlation
¢ Experimental testability
¢ New ideas without loops

¢ Short papers and concise titles

¢ Scientific language and expression




Harald’s first and last journal papers

LETTERE AL NUOVO CIMENTO VOL. Iv, N, 7 156 Agosto 1970
Parton Model and Inelastic High-Energy Hadron-Hadron Seattering.

H. FrirzscH (*)

!
Mazx-Planck-Institut fir Physik und Astrophysik - Munich 1910

(ricevuto il 7 Luglio 1970)
(*) Summer address: Brandeis University, Waltham, Mass.; from September: Stanford Linear ‘
Accelerator Center, Stanford, Cal. (3. Friedman, H. Kendall and R. Taylor observed DIS of electron and proton in 1969)




Harald’s first and last journal papers

LETTERE AL NUOVO CIMENTO VOL. Iv, N, 7 156 Agosto 1970
Parton Model and Inelastic High-Energy Hadron-Hadron Seattering.

H. FrirzscH (*)
Mazx-Planck-Institut fir Physik und Astrophysik - Munich 1910

(ricevuto il 7 Luglio 1970)

(*) Summer address: Brandeis University, Waltham, Mass.; from September: Stanford Linear ‘
Accelerator Center, Stanford, Cal. (J, Friedman, H. Kendall and R. Taylor observed DIS of electron and proton in 1969)

ELSEVIER Nuclear Physics B 974 (2022) 115634

www.elsevier.com/locate/nuclphysb
Correlations between quark mass and flavor mixing

hierarchies

Harald Fritzsch®, Zhi-zhong Xing "°, Di Zhang "* 20 2 2

& Physics Department, Ludwig Maximilians University, D-80333 Munich, Germany
b Institute of High Energy Physics and School of Physical Sciences, University of Chinese Academy of Sciences,
Beijing 100049, China
¢ Center of High Energy Physics, Peking Universiry, Beijing 100871, China

Received 12 November 2021; received in revised form 25 November 2021; accepted 1 December 2021
Available online 6 December 2021

Editor: Tommy Ohlsson 201. 10, Beijing




Harald’s continents of the closest coauthors

- ‘;;ﬁ f-:-g_r,' T __-"":—--
_:H:S;TE\H-‘«-%‘_‘—}‘_? =y Greanland -3

e . ._1,&_‘

Antarctica = -

:_. '.F'-H“ g,-?x—r.:?,-, ) i A P, _‘_‘_“x: '_‘5:-\-- )
. ‘; EI'_L_,_._-—---..-—. I -H;T_"?.,._.Z-*Qﬁ-i{_,r}s% }L ? - .
= = TS LS 2 North Asia '
g s TR ‘B
& '_,-n-’%r - : - id "} \\\
- . Lt} i 2
;'/_"_.'!-""'I'::F_ f g % /-"‘{ - . b'lA + \\i "'-}-‘é,
A - ) = . sia ™,
| = — A
{ North America j/ e Lt -_w_} :5‘ _=._~ :‘: Asia & ) N
L] e ~— " LY
"_\ln / . ; .-"'J . ._,1" Middle Fast Himalayas |
i -r-\,.} i i North Mfl;.a M . ;
#%w "‘_"' Y M . r \;:::;:i‘lﬂ./k) -, Suuth Asia X
. ..Etli t f bR} I o~ e , 4
e 'l\ L J f ,.."—,_‘,"""“-. , Salara Y 1 e \\Fjuthéfafé ! .
T, al f. ; i { "'\'. -(__," '-‘_ r \Hsla\. ) M‘I' ‘. I
Anfgrica iy = Africa o ™ \ A Micr {Oceania - 3
\I\. . l,l '\..‘!}- , \:1\'.\ F. }J . 1
_H\k ML ¥ Sub-Saharan Afriga /’J }h lmhﬁhﬂsi : '
- v ! & - - f ~r L in/ i % %
| Polynesia Fauotr { S N M/ AN J%TR%%
A : ' § N - LR ol
" \ South America / Sy 'y ~ - R T
3 . ') f vy L - :{f )1 Melanesia  f
= '.";‘ | '..E /' I-'[ l,ll' . -’r I\‘ i
. ! ; i | N . !
3 / E U "~ Australia |
1‘ [, N -. ]
I‘ ) 1 b -"F L-—"/ ' . -.‘II_,.- ‘. -
\ { L Jd/tralzu/sl:afﬁ /
h | =
\\ k&, ” | | ' /
» - » -
D /
oy ::.F /
o T i TP YR S .
\\‘\ ‘ﬁ‘jﬁi iy g Pt ™ s~ - T e, e
~ e — .:-'___ ) " - e _d...-""



v — i
et —

Harald’s continents of the closest coauthors

é‘! S -n.-.-‘.-l-ﬁ-_}
. T, Greenland ‘ T
PR > S s
&
o
~
& .
P

e \;P‘i:’:‘; ,
- I'n'opn"ﬁsu I i l:‘ "} - \\\
24" Europe v 4 %‘l\\ﬁ\ N Y
) o oL o — Asia J"‘ . N \\
1.’ - j_f‘j‘a‘\‘:\;‘ ‘b,—u _.."\‘-E_. Cpnh'al - .-_:_‘? , "
= .:"'CF.‘I.:-\.,— =t ‘\,w L Asia ‘f_,-:; % :;:l‘} -
. -~ d} K_:_:‘_ Middle East Himalayas \i ’{?-N_‘a\
it Murraﬁ Gell- mnn [8] o e ‘< ?Z?.':lﬁag \ouh " J ;N
k 4 confel)e : ," Sabars ‘\:\l ~ l"\ / \&““‘ st 5
2 journal p | Africa -
2 books

I\\“"ﬁ""’ . ¥ Sub-Saharan Afriga /
0 j .

N e
j ) i '
f YA
I"{.‘:' ¢ l.frj:: .
I'u-a?!" Ao

\ Mainly from 1971 @q&ws

S

P N S——
-

Antarctica

V.- |
\ J‘ x-"5' ) - Minﬁm& ) r':'O&a,nia !
‘u,\\: ' ‘I‘\\Lr '; J Lot II1

- 3
{// Australia 1? W
Jd;tralw

Yo



Harald s continents of the closest coauthors

—— Y M
= W, un - e
\ﬁreenland ::: P 5:; o _- r's - NN lei;:a‘___ -
5‘} /._9‘1 > nn L -!2'-‘"-3

- a - x,_.‘e__l'._*‘:_-H_.
2z : A :: “\ \e:ll o Marth Asia -,
) \

I Ji i 5 A_! \\
7#5“ Europe Jnsia mi}j\‘\ﬁ \} ‘:&\
PeterMiﬁi@ﬁﬁ [ )cﬁts ia {‘;é 3 _ : ,\1
Middle Fast Himalayas - ’{?4-4‘ .
19 journal ﬁpapel\t 3 \ \
Arabia T . . \
2 preprmts qe..miag =\ South Asia N
Salara \ / \Eguth é i
r | | Asia

w/;)
J
—J
& e
fi S

ol

DN S ? Melanesm ,-.';;
Seesaw {/ AT

Australia T

v-oscﬂlatlon T s/

&
>~ From 1973 to 1981

R T e E e L
R S ko
.

. i
Antarctica -



IiPﬂ"yn

Harald s continents of the closest coauthors

2 books

QC

R T~ S

L j;":
\ Mainly from 1971 @q&ws

jﬁ‘

A )
'“m

~ From 1973 to 1981

P — oﬁh_’_ o
\ Greenland EE =l' i F{,ﬂhj{%f.-f-q‘
1’ HHRE = /Tl
\ s :e’l:' -.I.\
EuraPe . .? EDTF::M
--Peteéjllfiﬁi@w%i (21 S AL N\
19 journal ﬁpapel\fs'*.""" ~ Himalaye Zhl-zﬁﬁ'ﬁthg [24)
2 preprmEf5 X A> ~JSeuthAsia 20 joutnalpapers |\
2 . {:;_, a_\kff | IP\Jo___erenc papers |
i A ?"‘:ig
G “ Ny - h|erarchy‘
} p

T
Sees/aw
v-oscﬂlatlon

avap mXing |

Fro{m 19921 “to 2022;

ustrali

Jd;tralw

/

el
e

il el

- ..-"’d"l o
S

i
P T

Antarctica



Harald S contments of the closest coauthors

ST T
- ' o " L e
P - ' . ‘ = \ﬁreenland ::: - D:_, o _. -
g By, s A '> e :: na ‘e‘: e Rt
# \_‘ =) N ‘,'.v ‘-:‘. ."'.' HET 1 ..I
e a3 \ 1 » L

- ) )
.;—:‘:"’ﬁ;_- _’.-‘--' Eurape E“P. e
| T North America Peter yinjc@wglg [51)‘;.” AL T
| R 19 journal papers™ umainye: - Zhi-ZHong Xing [ 24
#%w Murraﬁ;aﬁe]f-mlnn [8] A ""P pe(: Arabiai ﬁ 9 4‘!

e e 2 preprmts Il"enlns I.r/“‘-> '''' \Fouth Asia | Zofjbui-nalpapers
4 4confe|‘en“ca%f£% | Setare ./ suon eremﬁ paﬁg‘el‘sk
2 journal p J '

T h Y ! l,,"\lJ Sh Micr
-~ Py g
2 books - Elavigr hlerarchy
. N l&.L"‘;? 3 |

erica ;—' I @f}-MI)@iﬂg .:|'
Q C ' Seesaw From R

v-oscillation oy

&
Mainly from 1971 tQ(1975 /
\ y &l& - ~ From 1973 to 1981 4

Itis qu:l‘a amazing that Haﬁld ublished ~50 single-authored ]ournaf papers,
including thefam’ous Fritzsch texture of-flavors papers!




¢

¢

¢

¢

¢

OUTLINE

Harald’s main interest and coauthors
The first seesaw idea for tiny V-mass
The modern formula for V-oscillation
Unexpected pattern of lepton mixing

Popular books, workshops, travelling



The pioneering seesaw idea

¢ In collaboration with Gell-Mann and Minkowski, Harald proposed the 1st seesaw idea
to explain tiny neutrino masses in a footnote of their paper in 1975.

Volume 59B, number 3 PHYSICS LETTERS 10 November 1975

VECTORLIKE WEAK CURRENTS AND NEW ELEMENTARY FERMIONS™

H. FRITZSCH, M. GELL-MANN and P. MINK.OWSKI
California Institute of Technology, Pasadena, Calif. 91125, USA

Received 15 September 1975

Recent experimental discoveries encourage speculation that there may be more than four “flavors” of tricolored
quarks and/or new flavors of leptons. A vectorlike gauge theory of the weak, electromagnetic, and associated neutral
current interactions is then an attractive possibility. We present as an illustrative example a minimal theory based on
six quark flavors and six lepton flavors and on the group SU, X U; (presumably a subgroup of a larger gauge group).

e After inventing the SO(10) GUT, Harald and Peter paid much attention to heavy fermions, as well
as neutrino oscillations. They tried to address some important issues beyond Weinberg’s model.
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Recent experimental discoveries encourage speculation that there may be more than four “flavors” of tricolored
quarks and/or new flavors of leptons. A vectorlike gauge theory of the weak, electromagnetic, and associated neutral
current interactions is then an attractive possibility. We present as an illustrative example a minimal theory based on
six quark flavors and six lepton flavors and on the group SU, X U; (presumably a subgroup of a larger gauge group).

e After inventing the SO(10) GUT, Harald and Peter paid much attention to heavy fermions, as well
as neutrino oscillations. They tried to address some important issues beyond Weinberg’s model.

e Was Gell-Mann himself interested in the seesaw idea? He, P. Ramond and R. Slansky had a highly
cited conference paper “"Complex spinors and unified theories” in 1979. They quoted no references!



It was hidden in the 4t footnote of this paper

We consider here the most economical theory of
the type we have discussed that is not in direct disagree-
ment with observation, namely, one with six flavors
of quark and six flavors of lepton. The SU‘;eak-doublets
are as follows, ignoring angles that must be relatively
small:

- We assume that the neutral lepton Ny, is a Dirac
particle, with a mass term that conserves lepton
number*? . Violation of lepton number is assumed to
occur only through the mass term of the Majorana
spinor N, composed of the right-handed muon neutrinc
and its antiparticle. The remaining two component
spinors (v,), (Vo)g and (v,); are assumed to be mass-
less in the absence of interaction

In the present state of symmetry-breaking theory, we do

not understand how, in the absence of cumbersome machi-
nery, to calculate finite mass corrections arising from weak
and electromagnetic interactions. Nevertheless, we can at-
tempt to estimate such effects by cutting off logarithmic
infinities at a mass A of order My. Let us do so, for exam-
ple, in case of the muon neutrino. The off-diagonal element
of the mass matrlx between v, and N, is of order

o 1n"a!Mln(f'xzm X ) and the mu0n neutrmo acquires a mass
(besides the intrinsic fourth order term) of order
mpmy len ™ In(A*m3))]*, which might be around 20 eV
for my ~ 2 GeV. The electron neutrino acquires a tiny
mass < eV through mixing with Npq. These masses are
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In 1977 this idea was developed into a comp
seesaw mechanism by Peter. His paper was not
well recognized until 2004 — after the so-called
seesaw’25 event, counted from 1979 on.
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Peter’s paper on seesaw

¢ In 1977, Harald mainly worked at CERN and Wuppertal Univ, while Peter joined Univ
of Bern. Their collaborations were less than before.

Volume 678, number 4 PHYSICS LETTERS 25 Aprl 1977

1 ey AT A RATE OF ONE OUT OF 10° MUON DECAYS?

Peter MINKOWSKI
Institute for Theoretical Physics, University of Berne, Sidlerstrasse 5, 3012 Berne, Switzerland
The framework is much sounder. Received 28 February 1977 The spirit is basically the same.
ve I-’“ NE Np 0 Q?E n I(mn |2
) , . ). oy X M= . m, =0 N <S10eV
¢ 'L CISY ¢ R R M, Ny M2
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¢ It was Paul Frampton who called attention to Peter’s paper during the seesaw’25 on 10—11 June
2004 in Paris. A similar workshop, entitled Seesaw 1979—2004, was held on 23—25 February 2004,
in Tsukuba. Pierre Ramond and Tsutomu Yanagida claimed credit for seesaw in these two events.



Peter’s paper on seesaw

¢ In 1977, Harald mainly worked at CERN and Wuppertal Univ, while Peter joined Univ
of Bern. Their collaborations were less than before.

Volume 678, number 4 PHYSICS LETTERS 25 April 1977

u- ey AT A RATE OF ONE OUT OF 10° MUON DECAYS?

Peter MINKOWSKI

Institute for Theoretical Physics, University of Berne, Sidlerstrasse 5, 3012 Berne, Switzerland

The framework is much sounder. Received 28 February 1977 The spirit is basically the same.
ve 1-’” NE Np 0 Q?E n I(mn |2
) , ) . ). . M= . m, =0 N S10eV
e 'y Hy ¢ R R M, Ny My

¢ It was Paul Frampton who called attention to Peter’s paper during the seesaw’25 on 10—11 June
2004 in Paris. A similar workshop, entitled Seesaw 1979—2004, was held on 23—25 February 2004,
in Tsukuba. Pierre Ramond and Tsutomu Yanagida claimed credit for seesaw in these two events.

¢ Paul once asked me why Harald did not claim credit for seesaw? Harald said he did not care that.



What was Harald doing at that time?

¢ From 1977 to 1979, Harald was studying the “internal seesaw” issue of quark flavors
by introducing the nearest-neighbor interactions, to solve the flavor hierarchy problem
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What was Harald doing at that time?

¢ From 1977 to 1979, Harald was studying the “internal seesaw” issue of quark flavors
by introducing the nearest-neighbor interactions, to solve the flavor hierarchy problem

f

H. Fritzsch
— S. Weinberg m, <m,<<m,, m;<<m,<<m,
E _ Y F.Wilczek + A. Zee
= 1977 mass

0 B Mass hierarchy puzzle

Mf: (B;: A;) with |Bf|<< Af LV At
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1 MeV } ié’

Harald proposed the famous Fritzsch texture, a ey L
kind of double seesaw, in 1978:

0 B}i Af f eV &

1st 2nd 3rd family



It must be on the right track to reveal the flavor secret

¢ The original Fritzsch texture or its variation with Flavor mixing puzzle
nonzero (2,2) entries can give striking predictions I/ I/ iz
for the CKM matrix elements in terms of the quark L & ub
mass ratios:
tand, = Yy ~ [Lu m, — 00
vV, m, b
V., m, Vo Ve L 17
tandy; = |—|= ,/—| m, — |
VI.S‘ m.&‘

consistent with both the heavy quark mass limits
and current experimental data, where the mixing

angles are given by an Euler-like parametrization o & Ve
of the CKM matrix (Fritzsch-Xing 1997): Via Vi
V., Vi Vo SuSqC T CuCq€™ " S CuC = CySqe™ % S,S
—_ —_ —1 —1
V=V, Vo V,l=cus,€—sucqe™™ ce C+ s,8,67% ¢S Quoted by PDG in its

Vo, Vi Vi, —S,S —CyS C 2000 / 2002 reviews



Seesaw as a mechanism may be in the landscape

The seesaw picture is well consistent with the spirit of Weinberg’s EFT with a unique d=5 operator.

Energy scale Natural seesaws from O _ (HHT ¢
a fundamental theory wo A

effective low-energy
v-mass models

Cumrun Vafa’s
swampland conjecture
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The seesaw picture is well consistent with the spirit of Weinberg’s EFT with a unique d=5 operator.

Energy scale Natural seesaws from O — Eﬁ HT g
a fundamental theory wo A
G\“soge“es\s effective low-energy
\ep v-mass models

Cumrun Vafa’s
swampland conjecture

A combination of possible flavor symmetries and the canonical seesaw at a super high energy scale
can help to understand the origins of tiny neutrino masses and large lepton flavor mixing, even the
cosmic baryon nhumber asymmetry. But, it is extremely difficult to test such an elegant mechanism.
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Modern formulation of neutrino oscillations

¢ In 1975, Harald and Peter presented the 15t modern formulation of flavor oscillations
of massive neutrinos in the neglect of CP violation (why they did not include CPV?)

Volume 62B, number 1 PHYSICS LETTERS 10 May 1976
VECTORLIKE WEAK CURRENTS, MASSIVE NEUTRINOS,
AND NEUTRINO BEAM OSCILLATIONS * —

Z
H. FRITSCH and P. MINKOWSKI
California Institute of Technology, Pasadena, Calif. 91125, USA

Received 28 November 1975
Revised version received 7 February 1976

If the weak currents are vectorlike, the neutrinos will not be massless, and there will exist weak mixing angles for
leptons, analogous to the Cabibbo angle for hadrons. Neutrino beams will oscillate in a similar way as Ko-beams. The
failure to observe a solar neutrino flux at the theoretically predicted rate can be interpreted as the consequence of
these oscillations.



Modern formulation of neutrino oscillations

¢ In 1975, Harald and Peter presented the 15t modern formulation of flavor oscillations
of massive neutrinos in the neglect of CP violation (why they did not include CPV?)
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The neutrmo states emitted in weak decays v, v A CKM-like 3 x3 neutrino mixing matrix with CPV was
(in general »,) are not eigenstates of the mass matnx, first written out by M. Kobayashi and T. Kugo in 1977
but mixtures A neutrino beam of momentum p which is produced

) Qg1 ez - - i | [ ¥ as the uieak interac.:tlion eigenst.ate lv,) = Z,-oca',-lu,-), will
RS, ) change its composition according to the relation
(V) = “)= TR T2 = () (7). (4)

. * . ! . —1iF. . , = 2 2
Y] \egpogg oy KVk AR iEamexp( iE) ) (E;=vp2+mf). (5)




Standard formulas and far-reaching discussions

¢ Not only the standard form of neutrino oscillation probabilities, but also the washout
effect, solar, reactor and long-baseline oscillation experiments are discussed.

The probability p_, to find any of the other weak The flux of an electron neutrino beam, for example,
eigenstates v}, in the beam at time ¢ is is reduced at time ¢ by the factor pee(t) which, when
2 ility averaged over a time interval A¢t> Max 2p/A;;
i 1 obab\ ij>
Pab = E agy g exp (—1E;7) oscillation pr . . "
(6) Pee™= ’Z;Iaeil ; aShOut effect 9)

= 2.2 _
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For most apphcatlons con31dered here one has p >
e By —E;~ A /2p (A m —m; 2} The oscillation
lengths for the dlfferent components are



Standard formulas and far-reaching discussions

¢ Not only the standard form of neutrino oscillation probabilities, but also the washout
effect, solar, reactor and long-baseline oscillation experiments are discussed.

The probability p,, to find any of the other weak
eigenstates vy in the beam at time ¢ is

Pap = Ea ;%p; exp (—ik;t) OSC'\“aﬁo

(6)

= 2.2 _
Zaalab +2 Z)a § Op0Lg Otp; COS (&; E']-)t .

For most apphcatlons con31dered here one has p >
my,ie. By —E;~ A /2p (A m —m; 2} The oscillation
lengths for the dlfferent components are

2. The solar neutrino problem. Since for MeV neu-
trinos the oscillati~~ lengths are negligible compared
to the dimension Solgy,. ney -V core of the sun, the
flux of electron neutrinos v Jtri Ingg n the sun will be
reduced by the factor pg,, which cou.d be as small as

The flux of an electron neutrino beam, for example,
is reduced at time ¢ by the factor p(#), which, when

averaged over a time interval A¢> Max 2p/dy;, is

Poe= Lllagl* . Washout effecy  (9)
l

Another method to discover neutrino beam oscilla-
tions is to investigate the behavior of a relatively low
energy muon neutrino beam (50 ... 200 MeV/c) at dis-
tances up to 1 km or more away from the production
area. Soon such beams will be available at the nion
factories in Los Alamos and Villigen /<~ * possi-
bility to discover the oscill-*" ne osc\“a o observe the
generation of a» * v 26@WS (5 component in the
muon neutr. \_0“9 which will produce electrons instead
of muons when reacting with matter. (If p <m .o the
muon neutrino beam, which is “impotent” at the start,
will become “active” and produce electrons once the
oscillations become relevant.)



A comparison and a remark

¢ Today’s neutrino oscillation formula includes the CP-violating term as follows:
2.3
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CP-conserving (Harald + Peter) CP-violating

Washout effects: when neutrino beams travel a long
distance >> oscillation length, oscillation probability . — 2
will be independent of the beam energy and distance P(VO: — Vﬁ) - P(Va — Uﬁ Z ‘ |U/33‘

(solar, UHE cosmic neutrinos, etc.)
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¢ Today’s neutrino oscillation formula includes the CP-violating term as follows:
2 3

Ay, — vg) = (v5|v,(L Ug; (v, l U, e s U Ug exp | —i ZCSL
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« 6] 3 3; P ai €XP h E aiY gi €XI hE
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2.3
Z UsniUg exp (1mﬁ; L)

=1

P(Uﬂ — pﬁ) - |A(V(.x — Vﬁ

5 ) , Amsic? . Am?c?
= 0y — 4 ; Re (U Ug,;ULUs ) sin’ ﬁE L+2 g Im ( UsiUgj ,.%_) sin QH,J;E L
" CP-conserving (Harald + Peter) CP-violating

Washout effects: when neutrino beams travel a long 3

distance >> oscillation length, oscillation probability . — — \ 2 2
will be independent of the beam energy and distance P(VO: — Vﬁ) - P(VC! — Uﬁ) — Z ‘Uail |U/3i‘
(solar, UHE cosmic neutrinos, etc.) =

¢ Harald and Peter’s result is more profound, general and useful, than those derived in
the same time by Bruno Pontecorvo and Samoil Bilenky. In 1978 it was Nicola Cabibbo
who first formulated CP and T violation in neutrino oscillations in a modern form.



Two important applications

¢ The washout effects on very low energy solar
neutrino oscillations have been confirmed.
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¢ The washout effects on very low energy solar ¢ Atmospheric neutrino oscillations

neutrino oscillations have been confirmed. involve the washout effects.
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Two important applications

¢ The washout effects on very low energy solar
neutrino oscillations have been confirmed.
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¢ Atmospheric neutrino oscillations
involve the washout effects.
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Is the flavor world democratic?

¢ In the beginning of the 1990s, Harald paid a lot of attention to flavor democracy as a
guiding principle to understand what behind observed fermion mass spectra and flavor
mixing patterns (especially the works with Johann Plankl and Dirk Holtmannspotter).

¢ Key point: strong mass hierarchy and small flavor mixing implies that the two lepton
or quark sectors may have the flavor democracy with slight symmetry breaking:
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¢ In the beginning of the 1990s, Harald paid a lot of attention to flavor democracy as a
guiding principle to understand what behind observed fermion mass spectra and flavor
mixing patterns (especially the works with Johann Plankl and Dirk Holtmannspotter).

¢ Key point: strong mass hierarchy and small flavor mixing implies that the two lepton
or quark sectors may have the flavor democracy with slight symmetry breaking:
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Democracy

e The CKM matrix:
e The PMNS matrix:

Hierarchy

V = 0!0, = I + small corrections
U = 0]0, = U, + perturbations

O M 0% = Diag{m,, my, ms}




Which piece of cloud will become rain?

happen if lepton flavor mixing = the mixing pattern of
three Q = S = 0 pseudoscalar mesons. I did not know, i -
so I started to work on Harald’s conjecture. \/;
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For the first time a lepton flavor mixing pattern with 2 large + 1 small angles proposed
Democratic mixing perturbation perturbation predictions:
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It turned out that we were on the right track!

¢ Our paper appeared in September 1995 (hep-ph/9509389). It was rejected by Phys.

Rev. Lett., and finally published in Phys. Lett. B 372 (1996) 265 in April 1996.

¢ In June 1998, Neutrino 98 Conference in Takayama changed the neutrino world:
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¢ Our paper appeared in September 1995 (hep-ph/9509389). It was rejected by Phys.
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A lot of model-building work
appeared after our paper.



That paper finally helped me to be a neutrino theorist

¢ Since 1999, Harald and I focused on neutrino physics and wrote a number of papers,
including an invited review. I came back to China in March 2001 for a permanent job.

¢ We kept close collaboration and frequent mutual visits, organized some conferences
in Singapore, travelled together to many places, and shared a lot of good time.
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Harald’s popular books in China
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Co-organizing conferences in Singapore

¢ I first visited Singapore in 2007. Harald was curious about why I could enjoy staying
in a country with little HEP. I told him that things would change if he came.

¢ From November 2008 to March 2018, Harald, K.K. Phua and I co-organized a number
of mternatlonal conferences at IAS, Nanyang Technologlcal Unlver5|ty

International Workshop on Determination of the

Fundamental Parameters of QCD
Nanyang Technological University, Singapore ® 18 to 21 March 2013

Harald was really happy with his stays in Singapore .
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We shared a lot of good time in the past 30 years

¢ Harald visited a number of cities in China: Beijing, Guangzhou, Hefei,
Hong Kong, Hsinchu, Jinan, Shanghai, Taipei, Tianjin, Xian, Zhangjiajie

¢ Harald and I had been to a number of places together in Europe and
Asia: Albufeira, Amsterdam, Bamburg, Chamnix, Crete, Erice, Geneva,
Hamburg, Kyoto, L'Aquila, Munich, Nagoya, Oberwoelz, Schladming,
Singapore, Shizuoka, Trieste, Tsukuba, ...
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¢ It is a good memory that in every summer we went hiking on mountains of Austria +
Germany. It is a great pity that I did not follow Harald to go skiing when I was at LMU.
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Concluding remarks

I am so lucky for having worked with Harald and keeping A real man
. friendship of 30 years with him. He meant a loooot to me.

A good friend
A great physicist

A brave traveller
trading space for
time in life
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