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B-PHYSICS ANOMALIES”

Ry = B(B — DW1p)/B(B — D<*>zp)eg(em
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*See talks by Stephen F. King, Monica Pepe-Altarelli, and Diego Guadagnoli.



B-PHYSICS ANOMALIES

SCALENgw pnysics = Unp S 1 TeV ©

exp
RG> RD( )

SCALEygw prysics=np < 30 TeV ©

eXp

©L. Di Luzio and M. Nardecchia, arXiv:1706.01868.



B-PHYSICS ANOMALIES

The source of New Physics *:
LEPTOQUARKS, ...

"See talk by Stephen F. King.



NOMENCLATURE FOR NEW PHYSICS ®

g(uark)—€(epton)—L(epto)Q(uark)

LEPTOQUARK = (SU(3), SU(2), U(1))
SCALAR VECTOR
S = (3,3,1/3) Us = (3,3,2/3)
= (3,2,7/6) Va2 = (3,2,5/6)
fz =(3,2,1/6) | V2 =(3,2,-1/6)
§ 5(3,1,4/3) U, =(3,1,5/3)
=(3,1,1/3) U, = (3,1,2/3)

©1.D., S. Fajfer, A. Greljo, J. F. Kamenik, and N. Ko$nik, arXiv:1603.04993.



VIABLE B-PHYSICS ANOMALY SOURCES °

LEPTOQUARK = (SU(3), SU(2), U(1))
SCALAR VECTOR
S5 = (3,3,1/3) Us = (3,3,2/3)
R2 = (3,2,7/6)
S1 5(5,1,1/3) Ui 5(3,1,2/3)

©A. Angelescu, D. Begirevi¢, D. A. Faroughy, and O. Sumensari, arXiv:1808.08179



VIABLE SCENARIO OF NEW PHYSICS®

LEPTOQUARK|R ) |Rpo) | Rpo0) &R g (4)
S3=(3,3,1/3) | X Vv X
Rx=(3,2,7/6)| VvV v X
S1=(3,1,1/3) | Vv X X
Us =(3,3,2/3)| X v X
U =(3,1,2/3) | vV v v

©A. Angelescu, D. Begirevi¢, D. A. Faroughy, and O. Sumensari, arXiv:1808.08179.



VIABLE SCENARIO OF NEW PHYSICS®

LEPTOQUARK| R | Rye) | Rpo) &R g ()

Ss = (3,3,1/3 7 x

SN X
A

)
R2=(3,2,7/6)
S1=(3,1,1/3) | <V /
Us =(3,3,2/3)
U, =(3,1,2/3)

< X<
NN X
NOX [ XX

©A. Crivellin, D. Miiller, and T. Ota, arXiv:1703.09226; D. Marzocca, arXiv:1803.10972.



VIABLE SCENARIO OF NEW PHYSICS®

LEPTOQUARK|R ) |Rpo) | Rpo0) &R g (4)
S3=(3,3,1/3) | X Vv X
Rx=(3,2,7/6)| VvV v X
S1=(3,1,1/3) | Vv X X
Us =(3,3,2/3)| X v X
U =(3,1,2/3) || v v v

©D. Buttazzo, A. Greljo, G. Isidori, and D. Marzocca, arXiv:1706.07808.



VIABLE SCENARIO OF NEW PHYSICS®

LEPTOQUARK|R ) |Rpo) | Rpo0) &R g (4)

S3=(3,3,1/3) | X
Ro = (3,2,7/6) é
S1=(3,1,1/3) | YV
Us =(3,3,2/3)

U, =(3,1,2/3)

X
v

\\XQ\Q)\S
X

N X || X X

OD. Becirevi¢, 1. D., S. Fajfer, D. A. Faroughy, N. Kosnik, and O. Sumensari, arXiv:1806.05689.



TWO LEPTOQUARK MODEL

SCALENgw pnysics = Unp S 1 TeV mpg

exp SM
Ryt > RBpe) Ry

SCALENgw praysics = Unp S 30 TeV mgs,

exp SM
R < Ry S3




TWO LEPTOQUARK MODEL

L2 YR QbR + Yy i (imaR3) Ly + YU Qi ima(mS5) L



LD

TWO LEPTOQUARK MODEL




TWO LEPTOQUARK MODEL

LD Y Qillp;Ra + Y Wy (ima R3) L + YV Qi ims (1185 L]

YUKAWA COUPLING MATRICES



TWO LEPTOQUARK MODEL

LOYH Qi Ry + Y[ g,

UNITARY REDEFINITIONS

(iTQR;)TL;- +YYQ!  iry (1 S§)L;

/

Uy, R = UL,RUL,R
/

dL,R — DL,RdL,R

/
éL,R — EL,RKL,R

Vi — NLV}J

*See talk by Gustavo Branco.



TWO LEPTOQUARK MODEL

LOYFQ, o Y iy,

UNITARY REDEFINITIONS

(iTQR;)TL;- + YijQ,/L-CiTQ (T Sg)L;-

FLAVOUR ANSATZ

/

ur.rR — UL,RUL,R
/

dL,R — DL,RdL,R

/
éL,R — EL,RKL,R

Vi — NLV}J
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TWO LEPTOQUARK MODEL

LOYFQW iRa + YZ]’LL/RZ(ZTQR;)TL; + Y Qi iro (1,55 )L

UNITARY MATRICES FLAVOUR ANSATZ
U; & Dy V =U;D' =U;
Er & Np U=E,NI =N/
UR =1
Up Uz* = cosf = cg
U% = —sinf = —sy
. =1
EH =co ER = —s4




TWO LEPTOQUARK MODEL

LD Y Qillp;Ra + Y Wy (ima R3) L + YV Qi ims (1185 L]

FLAVOUR ANSATZ
N
% Ur,R = UL,RU/L,R Ur, UR(Q)
=
% dr,r = Dr,rdy g Dr Dpr
A
=~
> lr.r = Er rlL Er | Egr(a)
=
~
% Vi — NLV}J NL




TWO LEPTOQUARK MODEL

LD Y Qillp;Ra + Y Wy (ima R3) L + YV Qi ims (1185 L]

FIT PARAMETERS

br , cu _ cT
mR27m537yR 7yL 7yL 79




TWO LEPTOQUARK SU(5) MODEL

LD Y Qillp;Ra + Y Wy (ima R3) L + YV Qi ims (1185 L]

TWO SU(5) INVARIANT OPERATORS

b'710,10,50 a'10;5,45



SU(S) MODEL

b'710,10,50 a'110,5,45

RQE@ R2753€£



SU(S) MODEL

b'710,10,50 a'110,5,45

Ry € 50 RQ,S;;E@

SU(5) MIXING OPERATOR

m 45 50 24




SU(5) UNIFICATION *

FIELD CONTENT

10,. 5, 5, 24, 45. 50

*See talk by Graham Garland Ross.



SU(S) UNIFICATION

FIELD CONTENT

©
10,. 5, 5, 24. |45, 50

©OH. Georgiand S. L. Glashow, Phys. Rev. Lett. (1974).



SU(S) UNIFICATION

FIELD CONTENT

10,. 5, 5, 24, 45.|50

OH. Georgi and C. Jarlskog, Phys.Lett. 86B (1979).



SU(S) UNIFICATION

FIELD CONTENT

10,. 5;, 5. 24. 45, 50

FIT & LHC DATA OUTPUT

mpg, = 800GeV, mg, = 2TeV
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UNIFICATION
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UNIFICATION
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UNIFICATION
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UNIFICATION

Mscalar : mgauge
| s _'
| ]
| + out |
207 ; '_
oA | |imeur
102 10% 10° 10%® 101 10!% 10 10%® 1018

p (GeV)



UNIFICATION
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UNIFICATION
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FITS & PREDICTIONS

cT, b1 * 1
b — ctv X IL y2R (ERbL)(’T'RVL) —+ —(ERO'H,/[)L)(’T'RO"LWVL)
me, 4
P
b — suu X 520 2 (5.7 bL)(ML%ﬂ/L)
S3
ClN2 cT\212
+ _
Amp g WL G
mSS
FIT OUTPUT

0~ m/2, msy, <mg,, Yo e C




FITS & PREDICTIONS

cT . b1 %

Y, Yr
4\/§ m2R2 GrVe

gg(punp) =

FIT & LHC DATA OUTPUT

mpg, = 800GeV, mg, = 2TeV
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FITS & PREDICTIONS

mg, = 0.8 TeV, mg, = 2.0 TeV
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FITS & PREDICTIONS

mg, = 0.8 TeV, mg, = 2.0 TeV
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©A. Greljo,J. M. Camalich,and J. D. Ruiz-Avarez, arXiv:1811.07920.
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FITS & PREDICTIONS

mp, =0.8 TeV, mg,=2TeV, |0| ~n/2

1.4 -

LHC 13 TeV, 100 fb~]

% |




Br(B—»Kur) [1077]

FITS & PREDICTIONS

r, =08 TeV, m53—20TeV

100 T T T
- Belle excluded :

Belle excluded :
10 15 20 25 30 35 40
RY) =B(B - K®ww)/B(B — K™ yy)3M




CONCLUSIONS

There 1s a two leptoquark model based on SU(5) gauge
symmetry that can address the B-physics anomalies.

The entire low-energy flavour structure of the set-up
originates from two SU(5) operators.

The proposed scenario accommodates all measured lepton
flavour universality ratios in B-meson decays, 1s consistent

with related flavour observables, and 1s compatible with
direct searches at the LHC.

The model 1s self-consistently perturbative, provides gauge
coupling unification, and predicts several yet-to-be-
measured flavour observables.
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SU(S) MODEL*

b10,10,45 a'110,5,45

R27 SBEQ R27 S3€£

1. D., S. Fajfer, and N. Kosnik, arXiv:1701.08322.



SU(S) MODEL

b*/ 45 CLij 107;ng

RQ? SSEQ R27 SSEQ

PROTON DECAY



SU(S) MODEL

b'710,10,50 a'110,5,45

RQE@ R2753€£
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