@43 &

2021 &£ ¥ 66% % 33 Hi: 4207 ~ 4211

¢ O R ) 2

2021 £ EANZAE. TREAEENSUEA DS B

SCIENCE CHINA PRESS

CrossMark

& click for updates

W TR IR S R R PR TR e Z 1k

TR & 12,3

AGNIRN

1. E R B A B 5T T, L3 100049;
2. T ERb R KR 2B, 6T 100049;
3. b KA R REERATF 5T ey, b3t 100871
E-mail: xingzz@ihep.ac.cn

BT A BRI ST F 201 2060~704R48, BTE
RS BB 2B 220 T TR B S R iR, B A
A 5 AR A PR L 55 R PR A A 4R e D 1 2
WTH. [ER b — LB, Lt 20 5 Ak 1
o i R R Y IR, B JCYR AR R A A FTUR 5= 7 v
ANFEAE SRR R AR A K RS BT Il . A7 M
2200 JI0 7 A 1 R 40 AT LA B A i D B B R 0T PR
R, AR R R 1R A S T T i B R AR TR AL
FETERERNOCHR, R AR T B2 N 1 2 A il OG0 I
AR E RS, EIeR R, MR TR R
Z R BEEEAR " (seesaw ) WL 5 AR T B 5 40 Y Ak
ZERYER T i (Ieptogenesis B T L 1] 075 5 B4 2.
T 322 452 30 P A BIL ) P 9 0% 2 8 1 <V 1 B 20 H 44 (Ma-
jorana) T EATTE T BRI R A, S TR
P T A A S 193 )T (Yukawa) A B AR FH A ST 560K
AN SE T FHWR TS5 RBE AR, J5E
AL EH W E TS5 R E TR, mEE S RALT
6 TR R E I AL T4 KA AT LI 5H

1 PR S IR TA R

Kt AmIEER. A5, K. BT RUEAKA S
B T ) 5 P A2 R 0 SO T AN S P A A 2 SR A A R S0
FAE T 25 Al IR 2 A LI 2 S0 SO BT ? i AN 2 i 1)
BITE19334FE LT JL T IO A, JRRIAET S i s 5 e
B EAR TR FET. TP, mEm R
F——IEHW T R TR0 A 1R .

00 T3 P R e 2 i 0 B Y 32 K B B (Paul
Dirac) 1 T 19284F 42 1SR H. 7 TR THOAIRHEMEZ
B, LTS T B FX R A R ——IF B F A1
Ji T 19324F 5 32 [ W 24 52 22 7 7% (Carl - Anderson)1E 5
TERLE PRI, 1219334193 DUR Py B 22 2 Mt |
KB TEXT 5 R 2 RIS FRPEVE TR IR, i
W, < RIRATAENTIT B 2R T LAY B A A B2 32 7 5
KT SR TR, IR AFRA TN E IR T 2%

© 2021 (plEREE) Akt

RER vEnznmenEs
RFFER, T ENEHT B
SR

ANKHAR FE BT R TR S scai @Mk, R4 T fgte
— A R BRSO IE AR, B R R IR LT
TR, SEBRIE IR, A0 R Bk P 4L, T
AR B ER R SR AR, X P2 BRI GG e 2 I,
AT RSO T BEE: KA A1 hp s FiE bk T
— PR A AT SRS R Y,
T 2 LR AT FR Y. e m)ii i, AT REAEAE— A~ 53R
(ot P BAGOFRA TS, IR B — I I B B oA J
(F1).

RS2, o ORI IR SCEA WIS S R ks v R HE DB, 40
FH PR G —BA PR R, B, WA R A
B R, TN REASTE T 2 Uil 21>k B X R Bk
RFFRBRRE . SR, BHEER MR T H L R R
T BARTEFHATAE S8R IR 7. BRI
e, (R ORI R R A S R R AR
VB BRRSZ AR I = A 1, BTG S5 %5 R T B
KRB BT AR A, HICRE T 5 . H
W, TEYIIS RO TR X3, 5 R S5 ) K 2 By
—E KA, NI A A P R A X A
AR B BT PR . b
T BITELRARAE ), FLAE R 7 140 Me VI BUR KME. 7]
JE, RSCEWI A R B RRAR G REis. PRI AT
IR, PR KL 1004264 1 ] I 74 LA A7

www.scichina.com  csb.scichina.com


http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2021-0921&amp;domain=pdf&amp;date_stamp=2021-10-15

M4 ih & 20215118 $66% %334

FEHARIESRIIRMKEERZIE

Bl 1 (RIZ8 R () T I NE 200, W5 S B ™ A (R 2 R

RFH (RYEHR )

Figure 1 (Color online) An illustration of the universe and anti-universe produced in the beginning of the Big Bang
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Figure 2 (Color online) An illustration of the minimal extension of the
standard model by introducing three sterile neutrino fields in
correspondence with three known active neutrino fields and allowing
for the Yukawa interactions between them and lepton number violation
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Origin of neutrino masses and disappearance of
primordial antimatter
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The standard model (SM) of particle physics has proved to be a huge success in describing the microscopic structures of
matter and the behaviors of strong, weak and electromagnetic forces, but it is incomplete in some aspects. For example, the
SM itself provides no answer about the origin of tiny neutrino masses, and it fails in accounting for the observed matter-
antimatter asymmetry of the Universe. To go beyond the SM, one may wonder whether there exists an intrinsic connection
between the solutions to these two fundamental issues in particle physics and cosmology. It is argued that the seesaw
mechanism for neutrino mass generation and the associated leptogenesis mechanism for cosmological baryogenesis may
pave a way for our deeper understanding of the origin of neutrino masses and mysterious disappearance of primordial
antimatter of the Universe. Behind these two mechanisms is the existence of heavy and sterile Majorana neutrinos, which
interact with the known (light and active) neutrinos via the Yukawa interactions.

The SM contains no right-handed neutrino fields, and hence there is no way to write out a Dirac neutrino mass term. The
simplest way to go beyond the SM is to introduce the right-handed neutrino fields and allow for lepton number violation. In
this case the right-handed neutrino fields and their charge-conjugate counterparts may constitute a Majorana mass term
which, together with the Yukawa interactions between left- and right-handed neutrino fields via the Higgs field, leads us to
the origin of tiny Majorana masses for three active neutrinos. Such a seesaw mechanism attributes the smallness of active
neutrino masses to the largeness of sterile neutrino masses as compared with the electroweak scale. The lepton-number-
violating and CP-violating decays of those heavy degrees of freedom in the early Universe may produce a net lepton-
antilepton asymmetry, and the latter may be partly converted into a net baryon-antibaryon asymmetry via the sphaleron
process. This is just the leptogenesis mechanism, and it has attracted a lot of attention thanks to the observations of neutrino
oscillations in the past decades.

The seesaw and leptogenesis scenarios are correlated with each other, and they provide an elegant way of accounting for
the cosmological baryon-antibaryon asymmetry and tiny neutrino masses. A pressing question is how to test such a “killing
two birds with one stone” picture at low-energy experiments. It seems that a direct test of this picture is extremely difficult
or even impossible, but one may always collect various “fossils” of heavy Majorana neutrinos which might have played a
crucial role in the early Universe. In this connection it will be greatly helpful to verify the Majorana nature of massive
neutrinos by observing the neutrinoless double-beta decays, to measure CP violation in neutrino oscillations and to test
unitarity of the 3x3 flavor mixing matrix of three active neutrinos.

neutrino mass, seesaw mechanism, Majorana nature, leptogenesis
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