Low energy phenomenology and search for leptoquarks at LHC
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Outline

> Motivation;
» Colored scalar leptoquarks (3,2,7/6);

» Low-energy constraints “minimal model” and its extension
forb — sy ;

» Leptoquarks and GUT;
» Colored scalars at LHC;

» Summary.
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|.Dorsner, S.F and A. Greljo, 1406.xxxXx;
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Motivation

B — DYy,
» Scalar LQ might explain small deviation: %14 7—
experiment < SM prediction; b — K_l l
Z — bb
» LQ’s are present in GUT theories;
(9—2)u

» Scalar LQ might modify mass matrices;

> LQ intensive searches at LHC.

LHC assumption: one LQ decays into one quark and one lepton of
the same generations:



ATLAS Exotics Searches™ - 95% CL Exclusion

ATLAS Preliminary

Status: April 2014 [L£dt=(1.0-203)fb ! 5=7,8TeV
Model ¢,y Jets ET™ [ram™) Mass limit Reference
ADD Gkk + g/q - 1-2j Yes 4.7 I I I n=2 1210.4491
ADD non-resonant ¢£/yy 2y or2e,u - - 4.7 n =3 HLZNLO 1211.1150
ADD QBH — ¢q 1eu 1j - 20.3 n==6 1311.2006
ADD BH high Ny« 2 u (SS) - - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high X p1 >lepu >2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH | ATLAS-CONF-2014-016
RS1 Gk — € 2e,u - 20.3 k/Mp = 0.1 ATLAS-CONF-2013-017
RS1 Gxx — ZZ — ttqq/ttlt 2ord4e,u 2jor— — 1.0 k/Mp = 0.1 1203.0718
RS1 Gk —» WW — &vly 2e,u - Yes 4.7 k/Mp = 0.1 1208.2880
Bulk RS Gkx — HH — bbbb - 4b . 19.5 Gkk mass 590-710 GeV [l k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS gk — tt 1e,u =1b,>1J/2) Yes 14.3 gkk mass  0.5-20TeV BR = 0.925 ATLAS-CONF-2013-052
Sl/Z, ED 2e,pu - - 5.0 1209.2535
UED 2y - Yes 4.8 ATLAS-CONF-2012-072
SSM Z’ — ¢¢ 2e,pu - - 20.3 ATLAS-CONF-2013-017
o &L SSMZ -7 27 - - 19.5 ATLAS-CONF-2013-066
= § SSM W’ — v 1eu - Yes 20.3 ATLAS-CONF-2014-017
S8 eeMwW 5 Wz oo 3epu - Yes 203 ATLAS-CONF-2014-015
LRSM W, — tb 1eu 2b,0-1j Yes 143 ATLAS-CONF-2013-050
Cl gqqq - 2j - 4.8 n=+1 1210.1718
. Cl gqtt 2e,pu - - 5.0 = -1 1211.1150
Cl uutt 2e,u(SS) >1b,>1j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
= EFT D5 operator — 1-2j Yes 10.5 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q EFT D9 operator - 1d,<1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e >2j - 1.0 B=1 1112.4828
. Scalar LQ 2" gen 2pu >2j - 1.0 p=1 1203.3172
Scalar LQ 3" gen 1eu 1t 1b, 1] - 4.7 B=1 1303.0526
o Vector-like quark TT — Ht + X 1eu >2b,>4j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018
%‘E Vector-like quark TT — Wb + X 1epu >1b,>3j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
:c,‘:" g_ Vector-like quark BB — Zb + X 2e,u >2b - 14.3 B in (B,Y) doublet ATLAS-CONF-2013-056
Vector-like quark BB — Wt + X 2e,u(SS) =1b,>1j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051
Excited quark g* — qy 1y 1j - 20.3 only v* and d*, A = m(q*) 1309.3230
Excited quark g* — gg - 2j - 13.0 only v* and d*, A = m(q*) ATLAS-CONF-2012-148
. Excited quark b* — Wit 1or2e,u1b,2jor1j Yes 4.7 left-handed coupling 1301.1583
Excited lepton £* — ¢y 2e,u 1y — — 13.0 A=22TeV 1308.1364
LRSM Majorana v 2e,u 2j - 2.1 m(Wg) = 2 TeV, no mixing 1203.5420
. Type Il Seesaw 2e,u — — 5.8 |V.|=0.055, | V,,|=0.063, | V;|=0 ATLAS-CONF-2013-019
g Higgs triplet H** — £¢ 2 e,u(SS) - - 4.7 DY production, BR(H** — ££)=1 1210.5070
(@) Multi-charged particles - - - 4.4 DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 DY production, |g| = 1gp 1207.6411

107!

*Only a selection of the available mass limits on new states or phenomena is shown.

Mass scale [TeV]



LQ1(ej) x2 stopped gluino (cloud)
LQ1(ej)+LQ1(v)) stopped stop (cloud) .
LQ2(ui) x2 HSCP gluino (cloud) Long-Lived
LQ2(i)+LQ2(v) Leptoquarks HSCP stop (cloud) Particles
LQ3(vb) x2 ng/ge :28§
LQS(Tb) x2 g=3e
LQ3(tt) x2 neutralino, ctau=25cm, ECAL time
RS1(yy), k=0.1 j+MET, SI DM=100 GeV, A
RS1(ee,uu), k=0.1 j+MET, SD DM=100 GeV, A
RS1(jj), k=0.1 y+MET, SI DM=100 GeV, A\
RS1(WW—4j), k=0.1 y+MET, SD DM=100 GeV, A
RS1(ZZ—4j), k=0.1 1+MET, €=+1, S| DM=100 GeV, A
bulk RS(ZZ-1ljj), k=0.5 [+MET, &=+1, SD DM=100 GeV, A

[+MET, &=-1, SI DM=100 GeV, A
[+MET, €=-1, SD DM=100 GeV, A

SSM Z'(tT
SSM Z'(ji

) Compositeness
)
SSM Z'(bb)
)
)

dijets, A+ LL/RR
dijets, A- LL/RR

SSM ZieeqZ (uu dimuons, A+ LLIM

SSM W'(j

SSM W'(lv) dimuons, A- LLIM
SSM W' (WZ—-Ivll) smgl:a e, ﬁ :ngm
SSM W'(WZ—4j) . single p, n

inclusive jets, A+

0 1 2 3 4 inclusive jets, A-
Excited
e* (M=/) Fermions ADD (yy), nED=4, MS
u* (M=N) ADD (ee,pp), nED=4, MS
q* (a9) ADD (j+MET), nED=4, MD
a* (qy) ADD (y+MET), nED=4, MD
b* QBH, nED=4, MD=4 TeV Lorge Extra
5 3 4 NR BH, nED=4, MD=4 TeV Dimensions
loron(j) x2 Jet Extinction Scale
co oo i (H
coloron(d) x2 M U ”.IJe.I. String Scale (jj) y ;
gluino(3) x2 Resonances
gluino(jjb) x2

CMS Prellmmory

CMS Exotica Physics Group

Summary — March, 2014



Color triplet candidates

(SU(3),SU(2))y |spin LQ couplings 3B| L
(3:2)1/6 0 (Qugr, drL +1)=1
(3,2)7/6 0 |Qfg. Tl +1)=1
(3, 1)—1/3 0 aiTQLC, a[{l/g, ﬁnfg

(3,3)_1/3 0 |Qriir’L®

(3,1)2/3 1 |(Zryuvr, Qy*L +1(-1
(3,3)2/a 1 |QTi4*L 11)=1
(3:2)1/6 1 |@py,it?LC, Qyuvh 4+1(-1
(3,2)s/6 1 |Qv*£$, dpit?y,L¢ +1[-1

v

v
might destabilize
proton

ID, SF, NK
1204.0674

~ we do not
consider these

(3,2);5and (3,2),, proper candidates among scalar LQ

states

Q=l; +Y



Experimert — Theory in B D(D*) 1v,

In ratios there is no dependence on CKM matrix elements:

Y0 = B = 0.332 £ 0.030
- BaBar: 1205.5442

Repe = gggjg};g; = (0.440 + 0.072 Belle: 0706.4429

combined 3.40
larger than SM

Standard Model

Riy = 0.252(3)
R2Y = 0.296(16)

02 0.4 0.6

R(D)



Standard Model or New Physics?

Can observed effects be explained within SM?
New form-factors show up in B — D<*)7'V7-
How well do we know all form-factors?

Lattice improvements?

Lepton flavor universality violation in B semileptonic decays?

S.F. J.F. Kamenik, I. NiSandzi¢, J. Zupan, 1206.1872

Many proposals of NP:

P. Ko et al.,1212.4607; P. Ko et al.,1212.4607;
A.Celis et al, 1210.8443; A.Celis et al, 1210.8443;
D. Becirevic et al. 1206.4977; D. Becirevic et al. 1206.4977;

A. Crivelin et al., 1206.2634: A. Crivelin et al., 1206.2634,
P. Biancofiore et al.,1302.1042, P. Biancofiore et al.,1302.1042,



One more proposal of NP:

Leptoquark contributionin b — cTv;

Scalar and vector

LQ leptoquark that trigger
________ b->clu,
/ |. Dorsner, S.F., N. Kosnik,
1306.6493
q
Color triplet bosons (scalars or vectors) ‘Ql _ 2/3
with renormalizable Charge
couplings to the SM fermions Q| =1/3

If LQ is a weak doublet then left down-quark fields “communicate” with
up-quark fields through the CKM matrix (the same for leptons — PMNS matrix)



Interactions of A = (3,2,7/6) state - A(2/3)

_ ] A(5/3)
L=0rY A'Q+urZATL + H.c. -

A = ’iTQA*

Fields are in the weak base. We use a basis in which all rotations

are assigned to neutrinos and up-like quarks.
Transition to a mass base:

L33 = (tpyd) A®®* 4 (up[ZVemns|vr) A%3) + He.
LOP3) = (TR[Y VI enur) AC/D* — (upze) AG3) 4 He. .

Requirements:

- to explain deviation of SM prediction in b — cTv,
- no contributionsin 0 — clvy, [ =e, p



We impose: b couples to T only and ¢ quark to neutrinos

A(2/3) couplings

L) = (LpYdp,) A" + (ag[ZVewns|ve) A + Hee.

00 O 0 0 0
Y=100 0 ) ZVPMNS = 221 <22 <23
0 0 ys3 0 0 0

A(5/3) couplings
LOF) = (Cp[Y Vi Jur) ACD* — (apZer) AG 1 He.
0O 0 O 0O 0 O

T L L - - -
YVCKM — Y33 0 0 0 ) Z = 291 299 293
* * *
ub Veb Vib O 0 0
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scalar and tensor operators have anomalous
dimension contrary to V and A currents

gr(ms) >~ 0.14 gs(ms)

10 range

gs(mp) = —0.3715:57

mey, mMe << U



Effective hamiltonian forb — ¢T 1/ transition induced by LQ transition

29; 1
HE/P) = 3/2379;12% (Trviz)(erbL) + 7 (TRO* viL ) (€ROy b )
A

(Fierz's transformation are used)

SM + NP operators

4G
H = \/§F Vb [(‘?Lv“ vy )(€Lyubr) + gs(Trvr)(CrbL) + gr(TROY ”VL)(ERUuubL)]

1yazzos V2
4 QmQA GpVCb

gs(ma) = 4gr(ma)

this relation holds on the mass scale of A



The model is constrained by:

7 — bg ( 7 in the loop)
(g I 2),u (c —quark in the loop)

T — Wy
= ey

, B(p — ey) <5.7x 1075

. N B(t — ey) < 3.3x107°
B(t — py) < 4.4 x 1077
MEG experiment result on muon BR for LFV decay is much strongert hen for

bound on tau LFV decay rate . The p liftime and the strong bound on LFV
B(p — ey) < 5.7 x 1073 compensate for a helicity suppression.



Lepton electromagnetic current

—tety(p + q)y" ue(p)

M( )

——10q, + Fy (q2) o’ quys Uf(p)

—iete(p + q) lF ()" +

Muon anomalous magnetic moment A®/3) enters loop functions
charm quark in the loop

2m2

Nelooal Ty | B () + QaFa ()

day, = Fi(¢° =0) = 167r2mA



Is our low-energy Yukawa ansatz compatible with the idea of GUT?

GUT models contain such a state in an extended SU(5), SO(10).

Georgi-Glashow (1974) proposed SU (5) ——>SU (3) x SU(2) x U(1)

Two problems: or
> Minimal SU(5) GUT fails! | T~

> ME = I\/ID at GUT scale & 30_

wfF

Log| /Mz|



without 45: M= My at GUT scale
Our assumption: (3,2),, in 45 of SU(5)
with 45 : M= = -3 My at GUT scale

Representation 45 with its vev modifies mass relation for down-like quarks
and charged leptons

2M dlang = —2Y v45 — Y3v5

2ERME?8 = 6Y 045 — Yaus

We assume that Dg, Ug, Ex are real!

this equation should be
diag T diag
Mp™Dgp — ERMEp™ = 4UpZvys satisfied at GUT scale!

11 parameters and 9 equations only parameter ¢ can not be fixed!

521 . 5-22 . 5:23 =0.024 : 0.32 : 1



Proton decay amplitude depends on one parameter!

necessary to know:
- all unitary transformations in the charged fermion sector;
- masses of all proton mediated gauge bosons and
- a gauge coupling constant;

—Tp_moeJr > 1.3 x 10%*
033

’”p_>K+,7+>4.0><1

Tp—sKOet =~ 1.0 % 1033

input -
P Tosmot > 1.1 x 107

ros ko, > 1.6 x 107

Tposmts > 1.1 x 10%

In our approach proton decay
prediction depend on:

magur, CGUT; 5

meur/(10"° GeV)

_|_

In some part of parameter space p — Ve
p— Ko, p— K"

is suppressed in comparison with



(500 GeV/my)

222

-------------------------------

0.3¢

20 region allowed by

0.2l j/ existing data

| o region allowed by
- existing data

- -

|

: : | couplings remain
ol ' ,'\ perturbative all the
el l | |__way to the GUT scale
. | I ™ y

—02}

20 allowed region:

—0.3 [ I [ D e L
-3 -2 -1 0 1 2 3 0.74 < |ys3| < 0.80

y33 (500 GeV/my) X
e 0.021 < |Z25| < 0.032

frReE 5.0GeV < vy < fror 7.6 GeV  ( free € [1.1,3.7])



Predictions

BRSM_|_LQ(BC — TVT) =

sM:  B(B. — 7v) = 0.0194(18)

generate t — ¢ 78 DV — 77

BRro(t = crtr77) ~107°
BRLQ(DO — T_€+) ~ 10714

' 0.36BRsn (B, — v )

gs = —0.37
84BRSM(BC — TVT)
gs >~ 1.8 £0.41

ej__ .
N region
3 allowed

by

data

Br(t - ct*7 )z_pae [107%]

existing



Can this model be used to induce b — s 7]~ ?

5(2/3) — (ERYdL) A(Q/S)* + (’L_LR[ZVPMNS]I/L) A(Q/S) + H.c.,
LOP) = (CR[YVin]ur) AC/D* —(apze,) A/ + He..

N. KoSnik, 1206.2970:;

The presented model should be R. Mohanta 1310.0713
adjusted by introducing new couplings

New Y:
0 0 0 ( 0 0 0
— | 0| €22 €23 YVCTKM: ,‘/,;9622 V;_;GQQ ‘/,52623
0 0 wys3 \Varuss Viyss Viyss

Dominant contributions; others are suppressed by CKM



SMand NPin b — sputpu~

4G
Hog=—"E2 [ Ci(1)0;(1)
T Z ) O;(w
+ D) (C(w)O(p) + Cip)O(p))
i=7,8,9,10,P,S
+ CrOr + CrsOrs ] A= ViV
Oy =;(fy,LPLb)(€we>,
2
e _ ) _
(910=?(~W,,,PL17)(€7“75€), Os =1=(5Pgb)(£0),
2 - o2 _
— < = s ok
@P 1677_2(?PR17)(€75€)’ @T 1677_2(?0- b)(€o-,u,1/€),

2

Ors =162

(50‘”‘”1))({70'#,,)/56).



The (3.2.7/6) LQ contributes to effective hamiltonian for 0 — S,u+,u_

HLQ:_

NP
Co

— 010

Gra , . B — K*[tI~
Vrb Vts(CNP09 + C]() OI())
V2 B— Kt~
— can be B — X.[1Tl™
2V2G Vi, Vi m2A constrained by )
B, — 1T~
Bs = ptp” chr
By — Kptp~ —~ NP
B, — K*utu~ Co " CTy”
By — Xspp~ Co'" Chy

N. Kosnik, 1206.2970;
R. Mohanta 1310.0713;
|. DorSner, S.F. N. KoSnik. in preparation.



Global fit of NP contributions (S. Decotes-Genot et al.,1307.5683)
47 observables




-0.15 -0.10 -0.05 000 0.05 0.10  0.15

Most likely modifications of SM
Wilson coefficients;

confirmed also by Altmannshofer
and Straub 1308.1501,

Beujean, Bobeth, van Dyk
1310.2478,

Horgan et al., 1310.3887



By — pp”

BR(BS — ,LL_)LHC’b — (291_%(1)) X 10_9
BR(Bs = 1 1 )oms = (301_%)8) x 1077

BR(Bs — ptpu s = (3.23+£0.23) x 1077
Buras et al, 1208.0934

} Experimental results 2013

O = oY + o]

b £
\\62'3/'/
| €22€5
' Q=2/3 CNE ~ —223
| TTVA




The same coupling contribute at loop level to |[B, — B,

A £
P ———— - = —— o - I ~t | B
| :
! |
: 1
|
[ ¥ A | ' A A
| I
! |
A ! d |
-l | - - - —

2 %2
iy iy N CONP €22€23
boxr 2

box box




BR(B; — ,u+,u_ ) most constraining!



Constraints from charm physics: DY — ,u+,u_and DY — DY

LHCb2013: B(D" = putp—) < 6.2 x 1079

2.5 2
B(D° —s y+ _ fpmp V.2 622222
( HTRT) =D 2567rm2| | m3
9
m
€99299| < 0.016—2
| 22 22' TeVQ

Stronger constraints from LFV process [t — €7

6%2 contributes too, but helicity suppressed contribution!




+____A_____ —— i —— H H 5/3
— i , Couplings with A
: : |
Ae ey A A 7c : i(ViyssPr, — 23, PR)
| |
: | _ . ~
S L S B - _-— fic @ i(V2iexwPr, — 25, PR)

ur : 1Vyupyis Pr
up : 1Vyus€s5 PR
Hac=2 = (ﬂa7”PLCa)(ﬂﬁ7uPLCB) [Cuu + Crr + CTM]

(Vub 62)2 |y33 |4 olfenstein’s parameter

_ )10, 4
Crr = 12872m2 A Y33 A =0.225
_ (Vu3%§)2|622|4 ~ \Ze
PR 128m2mA 227
V V bV* V* |€22|2|y33|2
Cyr = ——— ~ N€39y33

64m2m3



04"

0.2

€22

0.0-

-0.2}

—04

500

Based on UTFit 1402.1664

1000

ma(GeV)

1500

2000



= ey

Ausey = e(p')o" €,(q)qy (APr + BPL) u(p)

— e — p—— m . ~x
A= 487r27cn2 me Veg€925,(1 + 4logz.) K Tﬂz22z21(3 + 4z, log mc)]
AL
B ~ O(m,).

1.x107°f
8.x1077t

6.x 1077+
If €22 is constrained
by charm data, then 4.x 1077}
Z51 has to be very small!

~%
€222p1

2.x1077¢

0r
200 400 600 800 1000 1200 1400

mp(GeV)




Additional constraints

7 — bb

* is not affected due to -1/3 charge of quarks and 2/3 charge of
the LQ;

(9 — 2)u
« muon and tau in the loop —negligible modification of the g, coupling

Is GUT possible with such extension?

The small 315 ~ 107° coupling implies vev of representation 45
v,5 to be large!



Low energy constraints and searches for LQ at LHC

What do we achieve obtaining bounds from low energy
phenomenology?

-If leptoquarks are relatively light (mass ~ 1 TeV) one might check if
unification is possible within SU(5) and SO(10)!

- ATLAS and CMS search for LQ. Are these bounds relevant for their
searches?



Experimental searches for LQ

Tevatron (CDF, DO)

ATLAS Search for LQ of only one
> generation (in majority of
models LQ couples to all three

M .
CMS generations of quarks and
B leptons)
ATLAS
Scalar LQ 15t gen 2e >2j - 1.0 LQ mass 660 GeV
9 Scalar LQ 2" gen 2p >2] - 1.0 LQ mass 685 GeV
Scalar LQ 3" gen 1eu 1t 1b, 1] - 4.7 LQ mass 534 GeV

LQ1(e]) x2
LQ1(e)+LQ1(v)
LQ2 (i) x2
LQ2{u)+LQ2{vi)
LQ3(vb) x2
LQ3(tb) x2
LQ3(tt) x2

Leptoquarks

CMs 5 .




Single LQ production

Usingle(yiv 'mLQ) = a('m'LQ)ly'ilg'

Double LQ production

pair(Yi, mLQ) = ao(mrq) + az(mrq)|ui|* + as(mrq)|yi|*

- Sizable Yukawa couplings of LQ with SM fermions could influence pair
production at LHC;
- For small Yukawas LQ production is the same as within QCD.



For simplicity we assume only diagonal couplings in the search for LQ at LHC!

| generation couplings: best constraints come from atomic parity violation

GF _ ~ L
Lpy = — Z (Clqe’Y“ Y5€qYug + Czqe’T“ €<1’Yﬂs‘J)
V2
g=u,d
LLQ
. Yde| < 0.34 ( )
Cig = Cry' +8C1a , VZ Wa@el? | TeV
oclu(d) - Grp 8m? - Q
K; — u et FOMLQ | [Yue| < 0.36 (1TeV)

Bounds on Il generation LQ
BR(K[ — p*eT) < 4.7 x 10712

Experimental bound:

. _5 (MLQ \?
yh | < 2.1 %1075 ( )

The LQ of the first generation is fully constrained by APV, hence couplings of R,
to a down quark and an electron is very small.
We assume in the further analysis that coupling of s and p to R, is of the order 1.




Cross section (fb)

400 600 8(” 1000 1200 1400 1600 1800
myq (GeV)

myq (GeV)

Cross section (fb)

excluded by
A‘J

.400 600 800 10(1)1200140016001800

400 600 800 1000 1200 140016001800

myq (GeV)

If Yukawa couplings are large,
one also needs to take into
consideration a single leptoquark
production and t-channel
leptoquark pair production.



3.0¢
25
2.0¢
15
10f
05|

0.0k
1000 1050 1100 1150 1200

mpq (GeV)

Vs ul

This study shows importance of the t-channel pair production and the single LQ
production through the recast of an existing CMS search at LHC for the LQ
coupling to s and .



Summary

* (3,2,7/6) state introduced to explain R(D) and R(D*);

» scalar with charge 2/3 introduces scalar and tensor operator into effective Lagrangian;
» charge 5/3 state induces quark and lepton flavor changing processes;

« constraints from Z — bb, ,(g—2),, dr, T — uy, it —>e€;

* (3,2,7/6) can adjust b-> s data;

* Model with (3,2,7/6) LQ state can be accommodated with SU(5) GUT by adding 45
scalar representation.

» Searches of LQ at LHC do depend on LQ couplings to quark and lepton, for large
Yukawa couplings a single leptoquark production and t-channel leptoquark pair
production are important - IMPORTANCE OF FLAVOUR PHYSICS FOR LHC!



10{
coupling
nonperturbative

" 6@ " " " 1 L " " l(k'x)
my [GeV]

ma
= 1.57 + 2.86

. accurate within 5%



Ly =

N. Kosnik,

(3,2,1/6) LQ

Ly = —yijcf’}%l?‘g‘e“bL}jb + h.c.,

—yi;dnel Ry + (yVonns)ijdqrvi By /° + hec.

1206.2970;

R. Mohanta 1310.0713

HLQ —

?/22?/23 _

1 b 1 —
SMLQ s ( —|_75) :wyu( 75),“

INP
C9

_CINP



7 — bb

(3,2,1/6) LQ can influence
(9—2)u

7 — bb

6g7 =0.001 £0.001,  d&g% = (0.016 = 0.005) U (—0.17 = 0.005)

(3,2,1/6) can accommodate this value

(g — Z)N down quarks and 2/3 charged LQ give vanishing
contribution!



Constraints from charm physics: DY — ,u+,u_and DY — DY

LHCb2013:  B(D0 _5 ;+—) < 6.2 x 10-2

New physics contribution:

B f2 7nB
B(DO — putpT)=1p QQWD B(my) [|S|2ﬁ(m“)2 + |P|2]
/ / 2 /
§=-2(Cs—~C%),  P=—2(Cp—Ch)+ " (Cro~Cio)

Os = (uPre)(pp),  Op = (aPre)(Aysp)
O10 = (wy, Pre)(@y*ysp) -




_ Op = —Lus€22

2
dmi

B(D° = p*p~) =1p

|€22522| < 0.016 ]

Co = C1o =

fQ m5
D""D |Vus|2

256mm?2

D)
LN

TeV?2

|622|2Vusv::g

2
8mA

€92299
— 5
ma




Scalar in SU(5) with SU(3)xSU(2)xU(1) quantum numbers

Inclusion of 45 Higgs representation SU(5) GUT

Both are needed:
Higgs in 45 modifies: Mg = —3Mp Higgses in 5 and 45!

45H — (A17A27A37 A47 A57A6’ A7) :_

(8,2,1/2)®(6,1,—-1/3)%(3,3,-1/3)®(3,2,-7/6)8(3,1,-1/3)8(3,1,4/3)®
(1,2,1/2)

As, A, A gstudied by . Dorsner, S.F, N. Kosnik, J.F. Kamenik, 0906.5585 for the
first two generations, based on the experimental results from K and D

Is unification possible with some of light scalars in 457

Yes!

|.DorSner, S.F. J.F. Kamenik and N. Kosnik, 0906.5585; 1007.2604 ;

Unification possible with 2 light scalars!



Up-quarks

5 45

(Y4):;10;10,5 (Yz):;10;10;45

N, /

’ / / \ l
My = [4(Y,T + Yo yos — 8(Y — Ya)vas| /v/2

(5)° = V2us 2|vs|* + 48|vyg5)% = v?

(45)7" = (45)3% = (45)3° = V2045 v = 246 GeV



Down-quarks and charged lepton

(Y1)2310@5]45* (Y3)2]102535*

* 1 *
Mg = 3Y] vjs — 9 3 U3

* 1 *
MD — _Y1U45 - 5 3U5

without 45: M= My at GUT scale

with 45 : M= = -3 My at GUT scale



‘ B — X, I~ \

BR(BY - X u"pu~) = (1.60 £ 0.50) x 107°  low ¢*
= (0.44 £0.12) x 10°® high ¢*

lllllllllllllllll

Bounds from B — X ITI~ i

N. KosSnik, 1206.2970;

R. Mohanta 1310.0713

NP _ ~NP
Co ™ =Cy




(3,2), in GUT

(3,2),,5 can be found in representationg 45 and 50 of SU(5)

has both couplings Zand Y has only Y couplings

In SO(10) scenario: 120 and 126

anti-symmetric symmetric couplings
couplings to matter to matter fields



Is our low-energy Yukawa ansatz compatible with the idea of GUT?

Scalar in 120 and 126 of SO(10) can realize the same coupling as scalar
in 45 of SU(5);

Scalar in 50 of SU(5) can be only in 126 of SO(10).

Our assumption: (3,2),, in 45 of SU(S)

Higgs doubletis in 5 and in 45

Couplings to matter fields

(Yl)ij10i3j45 (YS)ij10i5j5

\arﬁhrary ﬁ(rices



Transition from weak to mass basis for down-like quarks (up-like,
charged lepton);

Unitary transformations D, and Dg, U, and Ug, Eg and E|.
(assumption: neutrinos are Majorana fermions)

vr, — VPMNSVL ur, — V(];LKI\..I'U.L ( D., E_ are diagonal)

Dr, Ugr, Eg are unknown

Oy 7 dl& T ¢ e
‘ZAID gDR = —Zyl’l,?45 — Y3"U5 Y1 = —URZ.

2QERM 5™ = 6Y 045 — Yaus
We assume that Dy, Uy, Eg are real!

All angles in Dg, Ug, Eg are specified with our ansatz, except one in Uy
within proposed framework (restrictive nature of our Z!)



rdiag 0T rdiag ’ this equation should be
Mp™Dp — ERMg™ = 4UpZvys satisfied at GUT scale!

11 parameters and 9 equations 1 0 0
Ur = (02(€) O3(¢) 01(0))" O3(0) = | 0 cosf sinf
0 —siné cosf

only parameter ¢ can not be fixed!

Input: masses of down-like quarks and charged leptons at GUT Scale.
Satisfactory solution (up to v, VEV) leads to:

521 . 5:22 . 5:23 =0.024 : 0.32 : 1




