Flavor changing neutral currents and a Z°

* We consider a Z that prefers the third

generation as an example of new physics affecting
primarily the top quark

» Constraints on mass and coupling strength of a
non-universal Z°

» Constraints on FCNC and their implications

- Ansatz to understand the smallness of FCNC in
terms of the CKM matrix

G. Valencia (ISU)
based on work with Xiao-Gang He

and Sudhir Gupta
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Generic Z bosons

* A Z’ is associated with an additional U(1) and it is present

in many extensions of the SM such as

- grand unified theories

- left-right models

- many more: composite Higgs, extra dimensions...

* A Z" is one of the easiest and cleanest signals

experimentally, so it is usually one of the first new physics
searches in new experiments

* Many Z° models have been studied:

-~ Canonical models- electroweak strength, universal
- leptophobic, fermiophobic, etc
- non-universal that prefers third family (this talk)
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Bounds on canonical” Z bosons

1216 Paul Langacker: The physics of heavy Z’' gauge bosons

TABLE IV. 95% C.L. lower limits on various extra Z' gauge boson masses (GeV) and 90% C.L.
ranges for the mixing sin # from precision electroweak data (columns 2-4), Tevatron searches (as-

suming decays into SM particles only), and LEP 2. The Tevatron numbers in parentheses are pre-
liminary CDF results from March, 2008based on 2.5 fb~! (CDF note CDF/PUB/EXOTIC/PUBLIC/

9160). From Erler and Langacker, 1999; Alcaraz et al., 2006; Yao et al., 2006; Aaltonen et al., 2007.

po free po=1 sin 6(pg=1) Tevatron LEP 2
X 551 545 (—0.0020) - (+0.0015) 822 (864) 673
U 151 146 (—0.0013) - (+0.0024) 822 (853) 481
7 379 365 (—0.0062) - (+0.0011) 891 (933) 434
LR 570 564 (=0.0009) - (+0.0017) 630 804
. P. Langacker,
Sequential 822 809 (=0.0041) - (+0.0003) 923 (966) 1787

Rev.Mod.Phys. 81 (2009)
1199-1228

many models studied so far
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- masses ruled out below ~ 1 TeV g |-z
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» LHC will increase limits to about L T
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+ Z- Z" mixing tightly constrained Y

Figure 3: Integrated luminosity needed for a 5o
discovery potential as a function of m(Z’) in di-

electron channel, for various models [5].
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Non-universal Z bosons

+ We construct models based on SU(3)xSU(2).xSU(2)rxU(1)e-L

Zr =cosOprWs3Rr —sinrB

» Single out the third generation with QN assignments that keep
the model anomaly free (may require extra heavy fermions, in
particular if we want to exclude the tau from enhanced couplings)

* We need the W-W™ and Z-Z" mixing to be zero (or very small at

tree level) to satisfyb - s y and Z — 7" 7~ constraints

» generically this produces a pattern of couplings:

/3 f1,2
A f\/\/\/\/\/< - geottn A /\/\/\/\/\/< < gtant
/3 fi2
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Constraints on mass and strength

R | - From LEP and LEPTII using Ry,
g} Cee, | Abm,and o(ete T T)
s | M
% =t : cot Op tan Oy (M—;V/> <1
:‘;0,8 | | . : - FOI" cotp ~ 10 =— My > 450 GeV
LEPTT <ot — 15 ¢, — 0 . - Perturbative unitarity
0 140 i'_'lﬁ e 0 180 90 20 zl0 cottfr < 20
: - LHC might reach ~1.5 TeV but
. : due to large QCD background
LHC ! < in tt or bb channels, would need
g t f channels with 4 tops (or
bottom) and ~300 fb™ to get
there
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Flavor Changing Neutral Currents

+ We start with couplings of the Z to quarks in the weak basis:

Ly = — (ﬁLég'Y,uUL -+ ﬁRé%’YuUR + DL(sIl?’yMDL -+ DR5£’YMDR)Z,M

2 cos Oy

» which are diagonal but non-universal. For our models with
enhanced couplings to the third generation

r 0 O
0o =kt 2, Z.=|0 1 0|, r<<i
0 0 1
* Because these matrices are not proportional to the unit
matrix, the rotation to the quark mass eigenstate basis (with

the matrices VYP_R) introduces FCNC:

Lrone = J (Uz-fy (/-@La . Pr —|—/<JRb“PR)U + D;~* (/{La . Pr —|—/<;Rbd PR)D )Z’u
2 cos Oy

ol =V 2. VP al =V Tz Vv v =V Tz vE | v =V T2,V

Y] tj
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Z" couplings and FCNC operators

Couplings enhanced by cot 0p 9 Gy (i Py + bis Pr) 7
2 cos Oy
t
7 + A
t
d; d;
b;; = sin Oy cot O COSfZVé%*Vé%- ;i = a I(A¢, Apr) cot Og Vi Vs
J ¢ T 2 sin Oy ’ t 7t
£z =0 ( no mixing) 5 Vis

0.04
AF = 1,2 operators
di d]’ K_a U
7' o | N _
AF =21 « - tanﬁWVV;/@Ot = (Vé)l):vfli)l)j) div, Prd; div* Prd;,
g2 tan 4%/00‘5 Or Vlg);v]:?bjc@fy“PRdj (VYA VY, iy Pru — VESVE dyk Prd)
dj di, E—i_, U

FCNC in up-quark sector: buu, =sinbw cot 0 cos s Vaii Vi,
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Some constraints and predictions

Table 1: Summary of constraints for the right-handed mixing angles.

Process Constraint (down-quark sector)

(AM) g Re (VEXVE )" <24 x 1078 I
(AM)p, VARVE | <1.8x 1074 IT
(AM)p, VErVE 1 <3.5x1073 IT,
€ Re (VAEVEH ) Im (VEXVE ) <2 x 1071 111
¢ (1VAJ" + Vi) I (VESVE,) <13x107° | IV
B(K* — wtwo) | |[VEEVE.] <1.0x1075 V

Constraint (up-quark sector)
z (D-mixing) ViVl < 2.0 x107° I,

Table 1: Summary of Predictions.

Process Prediction From | SM¥

B(Kp — %) | <14x10710 | V| (243%)57 £0.06) x 10711
B(B — Xqui) <25x107° II | 1.6x10°°

B(B — X, vi) <3.7x1074 I, |4x107°

B(B — X,t777) | <4.4x107° II, | 3.2 x 1077 (short dis.)
B(Bg — vt77) <1.8x 1077 I |33x10°8

B(Bs — 77717) <6.3x107° I, |1.1x10°°

<3x 10710 I, |50x107'% (s.d.) 107%%* (1.d.)
<4x1071° I, | 3x10713

<4x1074 L,

<1x1073 I

S

&G, Buchalla, A J. Buras, M E. Lautenbacher Rev.Mod.Phys. 68 (1996) 1125-1144
* G. Burdman, E Golowich, J L. Hewett, S. Pakvasa. Phys.Rev. D66 (2002) 014009

" how much room is there'’
between the SM and
experiment for meson mixing
and rare decays?

up to 2 orders of
maghitude enhancement

—

up to 3 orders of
magnitude enhancement
but still too small

observable at LHC?
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http://inspirehep.net/author/Buchalla%2C%20Gerhard?recid=403867&ln=en
http://inspirehep.net/author/Buchalla%2C%20Gerhard?recid=403867&ln=en
http://inspirehep.net/author/Buras%2C%20Andrzej%20J.?recid=403867&ln=en
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http://inspirehep.net/author/Lautenbacher%2C%20Markus%20E.?recid=403867&ln=en
http://inspirehep.net/author/Burdman%2C%20Gustavo?recid=568513&ln=en
http://inspirehep.net/author/Burdman%2C%20Gustavo?recid=568513&ln=en
http://inspirehep.net/author/Golowich%2C%20Eugene?recid=568513&ln=en
http://inspirehep.net/author/Golowich%2C%20Eugene?recid=568513&ln=en
http://inspirehep.net/author/Hewett%2C%20JoAnne%20L.?recid=568513&ln=en
http://inspirehep.net/author/Hewett%2C%20JoAnne%20L.?recid=568513&ln=en
http://inspirehep.net/author/Pakvasa%2C%20Sandip?recid=568513&ln=en
http://inspirehep.net/author/Pakvasa%2C%20Sandip?recid=568513&ln=en

Flavor changing Z couplings at LHC

- Single top production: is the
t lowest order process
” A.arheib, K.Cheung, C.W.Chiang and T.-C.yuan,
\ - overwhelmed by background

¢ (single top in SM)

g - Z" produced in association with

single top: non leading but can
c stand out above background.
Integrated luminosities of a few

hundred fb! at 14~TeV are
heeded
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Approximate Constraints

* We can summarize the constraints (approximately)

as. Kk ~ sin By cot Ok cos &y

— 107%* 107¢

M
(MZK,,)> b < 10-* - 107°
2 107% 1073 —

N\
SIS
&
N
=
RS
WA
Y
[S—
.\gcl)|

N

p—
\chf
W
IEEEVEREN
N~ —

- for an overall strength (%%) ~ |
- the constraints get weaker with weaker overall strength

- numerically similar for left-handed couplings (the aj)
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Mass matrices

* The quark mass matrices are diagonalized in general by a bi-
unitary transformation with the quark mixing matrices
MD,U = VI?’UMD,UV};?’UT
These matrices are related to the CKM matrix: Vegy = v/ VP
- but it is not possible to extract them from experiment

» in certain models the left and right rotation matrices are
related and one can then predict the Z° FCNC couplings:

- Hermitian mass matrix: M =vimv; = Ve=V. (up to phases)
* LR models

- Symmeftric mass matrix: M=v,Mv/ — Vip=V;
»+ SO(10)

* In these cases a simple ansatz can fix all the matrices
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Georgi-Jarlskog example

* One example that works for us is the Georgi-
Jarlskog ansatz where a down-quark mass matrix

Of the form ( 0 B 0 )
Mp~| B A 0
0 0 C

—A
0

S = >

» is diagonalized by a matrix like ( !
VP ~

_ O O
N~ —

- which would leave us with

i r (14 A%) 0 0
P =v2T 2. vP = 0 r(1+A2) 0
0 0 1

» or no FCNC in down quark sector
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the up-quark sector

‘ RCQUiring that VLUTVI? = Veorwm
» One finds FCNC for the up quark sector:

1 —bA\? — AN (p —in)
| % 1 —AN?
AN (p+in)  AN? 1
: @ “(-paig i
= W~ | o N S
(1 =) AN (p+1im) (1 —1r)AN?

» predicting the largest FCNC in the up-quark
sector in the t to ¢ transition with strength
comparable to V.

~ 1074

» ¢ to uis at the upper level allowed by D mixing
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Other very simple scenarios

* An obvious possibility is that one of the rotation matrices is
the unit matrix, for a hermitian M then:

(@)VP =1 = V' =Vegm so af; (b)) = VCKMZKV(;KM, aglj(bfj) —

7
WV =1 = VP =Voxm so ad.(bfj) — V(‘;KMZ,{VCKM, al; (b)) = Z

K

+ similar expressions for symmetric case with ;" — ai;"*

17 17
- Since:
r O(N°) Al =N (1 — p+1in)
V(J;r'KMZ/{VC’KM — O()\E)) r —A(l —7‘)>\2 4 M, — 10 10 3
AQ=rN (1 —p—in) —A1—r))\° 1 DL ( o 10 )
r O(N°) Al —r)X3(p —in) (MZ,{>bu. (o 0
VCKMZ“VCJZF’KM — OO\5) T Al — r))\2 A\ t) %5~ ) . /
Al —=7r)X(p+1in) A(l —r))\? 1

* In general (a) is compatible, (b) is not with FCNC
phenomenology
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Conclusions

We constructed explicit anomaly-free toy models for non-universal Z°
bosons that prefer the third generation as examples of new physics for top.

We have revisited the phenomenology of Z“ bosons for this case

- We constrain the mass and interaction strength, mostly from the non-
observation of Z~ at LEP

We consider in detail the FCNC associated with a non-universal Z~ including

operators at tree-level and those enhanced at one-loop.

- we obtain constraints on the mass mixing matrices from meson mixing
and rare decays

- we find large enhancements over SM are still possible in other rare
decays

We construct an ansatz to show how the smallness of FCNC can occur from
the same physics behind the CKM matrix due to the simple form of the
additional flavor structure present in the models.
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