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Non-universal models and flavor
physics
» The theoretical motivation to study the non-universal models comes from top-bottom

approaches, especially in string theory derived constructions, where the U(1)' charges
are family dependent.

* Non-universal models have been also used to explain the number of families and the
hierarchies in the fermion spectrum observed in nature (The flavor problem).

» The fits involving the recent LHCb anomalies prefer non-universal models



LHCb measurements

BR(BT — Ktutp™)

R = BRBT = Ktever)

— 0.74510-09, (stat) + 0.036 (syst);

Ry = 1.0004(8)

R BRB > Kypiyu) 0.6600010 £ 0.024, 2 € [0.045, 1.1]GeV?
® T BR(B o Kretem) 06857003 10047, g% € [1.1,6]GeV?

Ri+ = 0.920(7) v Ry~ = 0.996(2),

Every one of these measurements deviate from the SM by
around start with the first set of slides 9 545



» B-s effective Hamiltonian

4G R . %
Mot = =~ VoV 12 16 > Z (C:0; + C{O}) + h.c.
C; : Wilson coefficients ©; : Operators
Og = (57, Prb) (@7“5) Of = (57, Prb) (£4*0)

O10 = (37, PLb) (6y*75¢) 0o = (57, Prb) (("50)



Descotes-Genon, L. Hofer, J. Matias and }. Virto 2015

Coefficient Best fit 1o 30 Pullgyy  p-value (%)
NP —0.02 [-0.04,-0.00] [-0.07,0.03] 12 17.0
¥ -1.09 [-1.29,-0.87] [-1.67,-0.39] 4.5 63.0
NP 0.56  [0.32,0.81] [-0.12,1.36] 2.5 25.0
NP 0.02 [-0.01,0.04]  [-0.06,0.09] 0.6 15.0
P 0.46  [0.18,0.74] [-0.36,1.31] 17 19.0
Ny —0.25 [-0.44,-0.06] [-0.82,0.31] 13 17.0
CcF =i —0.22 [-0.40,-0.02] [-0.74,0.50] 11 16.0
P = 2P —0.68 [-0.85,—0.50] [-1.22,—0.18] 4.2 56.0
CcNP = NP —0.07 [-0.33,0.19) —0.86,0.68 03 14.0
9 10¢
CcyF = —¢ciF 0.19 0.07,0.31 —0.17,0.55 1.6 18.0
9 10¢
P = —c)P —-1.06 [-1.25,—0.86] [-1.60,—0.40] 4.8 72.0
cll;ll—’ = — vfluk'
_Cone _ o —0.69 [-0.89,-0.51] [-1.37,-0.16] 4.1 53.0
9 107
CNP — _NP
ar e —0.19  [-0.30,—0.07]  [-0.55,0.15] L7 19.0
=CNF =




5> The model ingredients

A miminal content of particles
Anomaly free

Must include Yukawa constraints

Flavor changing neutral currents
Consistent with LE, Collider constraints
and the C, and c,, Wilson Coefficients

Zero couplings to the first generation
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52  Particle content of the model

particles|spin|SU(3)c |SU(2)r |U(1)y |U(1)’
e |1/2] 1 o |12 ] 1
€ Ri 1/2 1 1 -1 €
vri |1/2 1 1 0 Vi
gr: |1/2] 3 > | +1/6| g
wri | 1/2] 3 1| 42/3| w
dr: |[1/2] 3 1| -1/3 | d;
¢ | 0| 1 2 | 1/2 | Y,
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QFT anomalies

SU2)PUQ) :
[SU3)PUY -
fgrav]2U (1)’
ULPUQ
Uy :
U :

1
0=3q+ 3%l

0=2Xq— Yu— Xd,
0=063¢— 3(3Xu+Xd) + 23] — Xv — Xe
8

1 2
— -S¢- SSu— Zxd+ ¥l 2%
0 724~ zYu—3 d+ Xl e

0= X¢% - 2%u? + 2d? — 212 4 Re?,
0 =6%¢° — 3(Su® + Bd*) + 25017 — ¥v® — e’

YXf=fi+ fa+ f5
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Yukawa interactions

Ly DZ1L¢31V13 +lindier, —|—§1L<51U1R +qy, ¢rd1y+
lo, doviay, + lapaea, + §2L¢~52U23 +qy, P2da,+

I3, d3vsy, + 3, zes, + §3L¢33U3R + G5, ¢3dzy, + h.c.
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Solution with anomaly cancellation between
different families

f e

l; —3¢i
€; —v; — 6g;
Ui +vi + 4g;
d; —vi — 2q;
| +30vi —ve —3(g; + qr))
€ —vk = 3(g; + qx)
uj| 43 (v + vk +5g; + 3qr)
dj| =5V + v +q +3ak)
be |+3 (=15 + vk — 30 + ax)]
ek —vj —3(q; + gx)
uk|  +3 (v + vk + 3q;5 + Sqi)
dp| =35 + vk + 3¢ + i)

Yy, = vi+3q; and Yy, = Yy, = 2 [v; + vk +3(q5 +aqr)],

14



> Low energy observables

O Value [43, 50] [SM prediction Osa [43] AO =0 — Osm
2
Qw (p) 0.064 + 0.012 0.0708 £ 0.0003 4 (g_l{;’_fzr ) A% (241" + AT
Qw (Cs) ~72.62 +0.43 —73.25 + 0.02 ZAQw (p) + NAQw (n)
2
Quw (e) —0.0403 + 0.0053|  —0.0473 = 0.0003 4 (91{;’_52, ) ASEAEE
1 v 2l 1 - 0.9999(6 0 3 My It M7, AHH (ABH . pAdd
Z,Fd,s,b uq| .9999(6) 12 M2, n 1z, L ( L L )
) s AsbAHA
Cs'"” (1) ~1.29° :Jéll"} 0 - gf,ﬁl@, VE Vf,; Sn? O
26 &sb Au.;i
Cry () +0.791533 0 - g%_-\ilfé, 7 Vig T oy
SMtz! 0.83 + 0.18 1 14 (1+4sd, +alf apre?/m2,)?
CEIY: ' T

14+(1+4dsg, )2 -1
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X Pulls and best-fit parameters

pull‘= Lfg o;:;
VTexp o
O 1Qw (p) |Qw (Cs) |Qw (e) [ CKM | Cy | Cip |v-Trident |xZ;,
-0.566 | 1.46 1.38 |-0.733|-0.789(0.967| -0.985 | 7.4
Mz =25TeV|ii=1 i=2 | i=3
gzl; 0 1 -3
gzr€; 0 |0.3523 | -3.648
gz M 0 1.648 | -2.352
gz'qi 0 0 2/3
gz, 0 | 0.6477| 1.314
gz d; 0 |-0.6477[0.01897
9z' Yy, 0 0.03975
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95% C.L. allowed region

1

0,75

Excluded
0,5
025
bl CcT-T T T T T T T T T
n 0 *
N -
(@) -
-0,25 = TS T TS TSI T T T
-0,5 :- Q,(Cs)+Q,(p) +Q,(e) + CKM+v-Trid+C+C,
C Q,(e)
Il oyP LHC, 36.1 fb™
0,75 o o |
LT Gy
.1b R S R N R SRR
-4 -2 0

MZ' =25TeV

e — —— i —— — ——_
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5  Conclusions

In this work we presented an anomaly-free non-universal Z'

family of models, which only includes SM fermions plus right-handed
neutrinos and two Higgs doublets.
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5  Conclusions

By means of an explicit example, we show that it is possible to build a
model with zero couplings to the up and down quarks and in general to
the fermions of the first family, in such a way that the model evades
collider constraints and does not contribute to the corresponding the
Wilson coefficients C,(e) and C,(e). Simultaneously, our solution is

flexible enough to accommodate the flavor anomalies in the Wilson
coefficients C,(\mu) and C_ ,(\mu). By requiring that the left-handed

couplings of the down and strange couplings be identical it is possible
to avoid FCNC.
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