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OUTLINE

‘ONE-LOOP NEUTRINO MASS WITH LEPTOQUARKS

*ONE-LOOP NEUTRINO MASS MECHANISM IN SU(5)

*CONCLUSIONS



ONE-LOOP NEUTRINO MASS MECHANISM

STANDARD MODEL i TWO SCALAR LEPTOQUARK
MULTIPLETS

©C.-K. Chua, X.-G. He, W.-Y. P. Hwang, Phys. Lett. B479 (2000).



SCALAR LEPTOQUARKS °

LEPTOQUARK (LQ) MULTIPLETS:
(3,3,1/3)
(3,2,7/6)
(3,2,1/6)
(3,1,1/3)
(3,1,4/3)

(§7 ]-7 _2/3)
©1. Dorsner, S. Fajfer, A. Greljo, J.F. Kamenik, N. Ko$nik, Phys. Rept. 641 (2016).



SCALAR LEPTOQUARKS

LQ NOMENCLATURE ®©:
Ss = (3,3,1/3)
Ry = (3,2,7/6)
Ry= (3,2,1/6)
S = (3,1,1/3)

Sl = (§,1,4/3>

S1 = (g, 1, —2/3)
OW. Biichmuller et al., Phys. Lett. B 191, 442 (1987).



SCALAR LEPTOQUARKS VS. v MASS

vMASS LQs: Ryt ( S5V Sp)

S3 = (5,3,1/3)

Ro (3,2,7/6)

Ry= (3,2,1/6)

Sl = (5,1,1/3)

~

Sl = (§,1,4/3)

S1= (3,1,—-2/3)



SCALAR LEPTOQUARKS VS. p DECAY

p DECAY LQs: ( S3, Ry, S1, S1, S1)

Sg = (5,3,1/3)

R2 = (3,2,7/6)

R2 = (3,2,1/6)

Sl = (§,1,1/3)

S1 = (§,1,4/3)

S1= (3,1,-2/3)




v MASS VS. p» DECAY

Sg — (§,3,1/3)

Ro= (3,2,7/6)
Ry= (3,2,1/6)
S = (3,1,1/3)
Si= (3,1,4/3)
Si1= (3,1,-2/3)




ANOTHER) WORD ABOUT NOMENCLATURE

~RL 7@ pa _abyj,b

a,b (=1, 2)are SU(2) indices

i,j(=1,2,3) are flavor indices

2" = Yukawa coupling matrix



ANOTHER) WORD ABOUT NOMENCLATURE

~RL 7@ pa _abyj,b

$

“RL 5 i 52/3 - S i 5—1/3
LD —?J?@%d%%Rz/ + (yé%LU)ij =V R, /

a,b (=1, 2)are SU(2) indices
i,j(=1,2,3) are flavor indices

2" = Yukawa coupling matrix

U = Pontecorvo-Maki-Nakagawa-Sakata unitary mixing matrix



ONE-LOOP NEUTRINO MASS

~ 7 ~—1/3
yézLdRVLRQ /



ONE-LOOP NEUTRINO MASS
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ONE-LOOP NEUTRINO MASS

S deLdR &
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ONE-LOOP NEUTRINO MASS

S deLdR &

\4 i T
RQHSl —— yLLdCVle

SRL7 . p—1/3 / b

Yo GQRVL vy ~ - s

N N R2HS3 — yz){’LdgVLS:g/

N\

N

> chZLdR

H=(1,2,-1/2)



ONE-LOOP NEUTRINO MASS

Ry H S5

~RL 7 Hp—1/3 7 LL jC 1/3
y? dRVLRQ / > mpdrdr € > Y3 dLVLS?)/

A




ONE-LOOP NEUTRINO MASS




IMPORTANT ISSUES

WHAT HAPPENED WITH THE LQ DIQUARK COUPLINGS?

LQ MASSES ARE FREE PARAMETERS...

Jo yit ysY ARE ALL 4 PRIORI UNKNOWN MATRICES. ..



RECENT DEVELOPMENTS °

“A testable radiative neutrino mass model without additional
symmetries and explanation for the b — s£"¢ anomaly”

©OK. Cheung, T. Nomura, H. Okada, arXiv:1610.02322.



ONE-LOOP v MASSES IN SU(5)

SCALAR LQs |SU(5)
Ss=(3,3,1/3) | 45
Ry =(3,2,7/6) | 45
Ry =(3,2,1/6) |10,15
S =(3,1,4/3) | 45
S1=(3,1,1/3) | 5,45
S1=(3,1,-2/3)| 10




ONE-LOOP v MASSES IN SU(5)

SCALAR REPRESENTATIONS IN SU(5):

. © ® .
5 10 15 45
(S1) (Rg) (Rg) (53, S1)
THE UNIFICATION THE STANDARD
STANDARD | 1 5\ p1cATION MODEL SYMMETRY
MODEL OF GAUGE TYPE IT SEE-SAW BREAKING
SYMMETRY [ upLINGS v MASSES
BREAKING CHARGED LEPTON
CHARGED &
FERMION DOWN-TYPE QUARK
MASSES MASSES

*H. Georgi, S. L. Glashow, Phys. Rev. Lett. 32 (1974). ©OH. Murayama, T. Yanagida, Mod. Phys. Lett. A7
(1992). “1. Dorsner, P. Fileviez Perez, Nucl. Phys. B723 (2005). ®H. Georgi, C. Jarlskog., Phys. Lett.
B86 (1979).



ONE-LOOP v MASSES IN SU(5)

SCALAR REPRESENTATIONS IN SU(5):

S 15 45
(Sl) (RQ) (S37 Sl)
- — yijgi3j15 o
vi;10;10;5 v:;10;10,45

10; & 5; (i = 1,2,3) COMPRISE THE STANDARD MODEL FERMIONS



ONE-LOOP v MASSES IN SU(5)

A POSSIBLE SU(5) SET-UP:

S 15 45
(Sl) (RQ) (53) <R27 S17 SVl)
- — yijgi3j15 -




ONE-LOOP NEUTRINO MASS

s mpdrdr ¢

N

gé%LCZRVLégl/?) <—> RyHS; <> yild¥vpS;

4

1/3



ONE-LOOP v MASSES IN SU(5)

10,55 & 10,5;45

s mpdrdr ¢

\ 4

\4

GELdpur RyY® «—> RyHSy <—> ybldfvpS,'”

55,15 251045 10,5,45

A = dimensionful parameter



p DECAY

= 1/3
y?degVLS?,/

Yij 10133E




p DECAY

S3 LEPTOQUARK MULTIPLET COULD BE LIGHT IF NEEDED...

_C —-2/3
—Yij UL, VL 53

_ _ 1/3
2712y, af er Sy o
yzj].Ozg]E

9—1/2 ql/3

7C
Yijdy VL jS3

T 4/3
vi; A5 e Sy’

©1. Dorsner, S. Fajfer, N. Kosnik, Phys. Rev. D 86, 015013 (2012).



p DECAY

0 5 15 45
/3 Rg/S * Rg/:% * 33_2/3
1/3 S Ry /% Sa/? Si
4/3 S5/ 3
5/3 R/




p DECAY




p DECAY




ONE-LOOP v MASSES

p—1/3*% ~1/3 1T I =~—1/3%] *
R Sa'7 ] 2 2 RT1/3%
3 myp mi,

2 2 1/3
Myp My 83/
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ONE-LOOP v MASSES

( ) 38969
my)i; =
T 1672

Z mk[B()(()a mza m%) - BO<07 mzv mg)]{y’bky;k + yjk?yfgk}
k=d,s,b

m3[lnm3 — Inm3i] mi[lnm? — Inm?]

2 2 o 2 2

By(0, mj;, mi) — Bo(0,mj, m3) = ma — my my — my

B, — Passarino-Veltman function



ONE-LOOP v MASSES

( ) 38969
my)i; =
T 1672

Z mk[BO(Oa mzv m%) — BO<07 mzv mg)]{y’bk’y;k + yjk?yfgk}
k=d,s,b

yijgigj 15 yql;j]-oigjE



ONE-LOOP v MASSES

( ) 38969
my )i —
e

Z mk[B()(()a mza m%) - BO<07 mzv mg)]{y’bky;k + yjk?yfgk}
k=d,s,b

yijgigj 15 y’ ~ (MeT — Md)/’U45

M, — charged lepton mass matrix M, — down-type quark mass matrix



A LIST OF BENEFITS

p DECAY CONSTRAINTS CAN BE ACCOMMODATED

RELEVANT YUKAWA COUPLING MATRICES ARE RELATED ©
TO FERMION MASSES AND/OR POSSESS ADDITIONAL
SYMMETRY. THIS NOT ONLY REDUCES THE TOTAL
NUMBER OF PARAMETERS BUT HELPS RELATE
LEPTOQUARK DECAY PATTERNS TO NEUTRINO MASSES...

LQ MASSES COULD BE CONSTRAINED THROUGH THE
GAUGE COUPLING UNIFICATION...

©P. Fileviez Perez, T. Han, Gui-Yu Huang, T. Li, K. Wang, Phys. Rev. D 78, 071301, (2008).



CONCLUSIONS

SU(5) CAN ACCOMMODATE WITH EASE THE
ONE-LOOP NEUTRINO MASS MECHANISM THAT
IS BASED ON THE LEPTOQUARK MULTIPLET
MIXING.

THE USE OF SU(5) CAN INCREASE
PREDICTIVITY OF THE SET-UP. THIS COULD
ESPECIALLY BE REFLECTED IN THE DECAY
PATTERNS OF THE RELEVANT LEPTOQUARK
MULTIPLETS.
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STANDARD MODEL + (2 x 10)
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©OH. Murayama, T. Yanagida, Mod. Phys. Lett. A7 (1992).
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