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Why Vector-like Quarks?

* \Vector-like Quarks (VLQ)?
— Color triplet spin 1/2 fermions

— Left and right spinors in the same representation

¢ WhyVLQ?

— No gauge anomalies

— Models addressing the EW hierarchy . > - : >-l7 .
problem
— Expected to be light: (m < 1 TeV)
After canceling A? term
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Scope

SM + single VLQ representation
Consider VLQ representations of the SM chiral quarks:
— Singlet up-like VLQ: (3,1,2/3)
— Singlet down-like VLQ: (3,1,-1/3)
— Doublet VLQ: (3,2,1/6)
Phenomenology (Flavor, EWPO)
— Renormalizable level
— Leading higher dimensional terms: HTH@-Q, H'HQQ

Implications for the Higgs boson




Renormalizable VLQ models

« Mass term in the weak (chiral) basis
— Lonase = 05 M4l + di MY d), + hec.
* Bi-unitary rotations |
Mo d diag = UE"dM.u?dUE_’dT
* Interactions in the physical (mass) eigenbasis

V;f = (Uf);‘k(U}f)@k VR = (UR)jk(UR)
g | / |
L = — \/E(VL i .iLP 4’ + I'{EJR'&I"F“PRUE})I’V_LT Lhe.,
Ly=- )m (Xpa'yH P! — X d'y" P’ + Yy Pru! — Yid'y¥ Ppd’ — 253, Jhy ) Z,,
. — YY) —111, Prulh — " Padh + .

XY = VLVLT\ \\ yd=VEtyE

ye = vEvE] xd = vyl

v Higgs interactions fixed by the neutral current interactions




Singlet up-like VLQ

* Renormalizable Lagrangian

— £ = yig g, + g5 g Huly + yi g HUp + MyULUg + hec.

¢ Mass matrices (VR=0, Ywd=0, X9=1)

My, = (yut/\@ ym'/ﬂ) , Ma = (yav/V2)

0 My
* Tree level constraints D-D mixing
0.001 2.1 x 107* 0.14
LXU - ]I|3x3 < 00026 014
0.13

CKM non-unitarity,
Z->qq

t>27q




Singlet up-like VLQ: t — T system

* Neglecting the mixing with the first two generations

V2uyl; UrL

tan(207) = M2 _[ Vi) + (yf)2]v2/2

2
r ‘ v ‘
memy = Myy! — f mi +m2, = M§ + 7[(9’;)2 + (yh)?].
* t—T mixing constrained from oS

the p parameter ﬁ
04

—ML m?s —(14¢ly) +sqpr +2¢; 2 — log(r)| = °f
16752 m2, tU U t t[; _1 =

W My . \

* Higgs (and Z) couplings:

0.0

X = ch, X, =cusw and X, = SfU
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v"Negligible deviations in the Higgs production and decays



Singlet down-like VLQ

* Renormalizable Lagrangian

- ‘Cg} = y;jqiﬂdjé -+ yijiﬂ,ﬁﬂjg +yhgyHDp + MpDrDp + h.c.

« VR=(Q, Yud=Q, XU=1

* Tree level constraints

/

KL 9 IJ-IJ-;
Bd,s ~ KU

[ 0.004 1.4 x 1075 4 x 1074

0.006  0.001
_ / 0.0057 |
APV,
Z->qq

v'Higgs properties remain SM-like!




Doublet VLQ

* Mass terms (Vtunitary, X%d4=1)
M. — yui"/\/i 0 M, = ydv/\/i 0
yrv/vV2 Mg | ypv/vV2 Mg
* Tree level constraints
0.11 2.1 x 1074 0.14 0.1 1.4 %1075 4 x 104
|Yd|3><3 <

Y% 343 < 0.018 0.14 0.21 0.001
_ 0.03
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* t-T and b-B system

* Mass splitting and mixing angles related 02|

0.0r

Sw

* Mixing angles constrained from Z->bb
* Mass splitting from p parameter 02

-04h
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v'Higgs properties remain SM-like!



Non-renormalizable VLQ models

Including dimension five operators

H'Hg,Q, HHHQQ

Example: Singlet up-like VLQ

Preserve mass diagonalization procedure of the
renormalizable models

v2/2 — |H|?
A

22— |H|? -,
T_ﬁg)zcib/ &\ IL.TLu}‘3
4

My — My + co
Flavor structure of gauge interactions unchanged

New contribution to Higgs interactions!

A (~TeV)

An (~GeV)




Implications for VLQ direct searches

* Renormalizable models: fixed branching ratios for T - th, Wb, Zt
* New contributionto T - ht

—_— . .
= 1 1 1 ATLAS Preliminary
L " m, = 350 GeV o m, = 400 GeV . m, = 450 GeV Status: ICHEP 2014
T 08 0’6 08 0.3 08 0’2‘5 4
VoL 3 oy, o, Ys=8TeV, Ldt=14.31b
& 9%, %,
l_ 0.6 0.6 0.6 = = =05% CL exp. excl. == 95% CL obs. axcl.
o0C o o4 04 0 v [ATLAS-CONF-2013-018]
o
0.2 0.2 0.2
0% 0.2 0.4 0.6 0.8 1 % 0.2 0.4 0.6 0.8 1 % 0.2 0.4 0.6 0.8 1
¥ SU(2) (T.B)doub. @ SU(2) singlet
1|8 1 1 1
; m; = 500 GeV A m; = 550 GeV my = 600 GeV m; = 650 GeV
0.8 p 0.8 e, 0.8 08
Y
%,
06k 061 2 0.6 0.6
0.4 0.4 0.4 04k
0.2 0.2 02 02k
a a | 1 1 1 o s 1 1 1 1 o | 1 | 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
1 1 1 1 &
A my; = 700 GeV A m; = 750 GeV A m,; = 800 GeV . A m; = 850 GeV
0.8 s, ) 0.8 Ors, ), 0.8 Org ) 08 - % )
Q7 Wq 00' N 00'
90 e, - Oo
0.6 064 0.8 06y
04 04 F 0.4 04
. F ® ° r °
0.2 02 0.2 02
0g 0.2 0.4 06 03 1 % 02 04 06 08 1 % 02 04 06 08 1 %% ‘ 04 06 8 1

BR(T — Wb)




Implications for Higgs physics

Including dimension five operators (mass basis)

xXw o X@ h2
cll = ( R A djadfﬁ) [tJth ;] + h.c.

A 1

— Single Higgs couplings - not related to weak currents!
— Di-Higgs couplings

Flavor violating Higgs couplings

b
— K, D, B meson mixings — severe constraints ---H--<
v t- hq -

Flavor diagonal Higgs couplings Y
v h = bb, cc, ss, dd, uu H
Loop induced Higgs processes >

v h>vyy,gg>h
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Impact of the existing LHC nggs data

197" (8 TeV) + 5.1 17 (7 TeV)

Combined CMS m, =125 GeV
n=100+013 Preﬁminary
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* Large modifications of the Higgs
couplings to light quarks

 h->bb: search channel at the LHC,
dominates the total Higgs decay
width in the SM

e Other decays mainly constrained
from the total Higgs decay width
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Impact of the existing LHC Higgs data

19.7 7 (8 TeV) + 5.1 (7 TeV)

Combined CMS m, =125 GeV
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* Loop induced Higgs decays

RQQ

Ryy

Correlationinh > yyandgg > h
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Singlet up-like VLQ: Naturalness and Higgs data

H'HQQ
AVAVAVL
h h h
- > - 5 I = o= P e Y
14’
-1 AVAVAVE'
* Loop induced Higgs decays
o l0.68r, — 0040 4+ 0057, |83+ 1.8, |”
99— 0.652 m —6.5|
2
. . m
* Naturalness criteria 7, =1— —}
m

’U//

From the Higgs data fit: m > 400 GeV

Complementary to direct searches
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Conclusions

We study the impact of VLQs on Higgs physics

Within renormalizable models Higgs properties remain

SM-like

Leading dimension five operators impact the LHC Higgs

data

Existing LHC

Higgs data

Coupling Constraint
D, S LN < 7x107®
ﬁ,rf"f X el? + 1X3 L Pe/A < .34
| X S0 aalv/A < 2x 107"
Xl aplv/A < 2% 10°?
X%, ba|1x”i < 1% 1073
VIXEE + X2 Pu/A < 0.022
flk 2+ Ad,,lzw“- < 0.027
<« .f' X2+ | Xa]2 + | X302 + | X220 /A | < 0.025
\ v/
0.038
|0.019 — Xé,bﬂ.-'l.".li"!|.| <
< 0.036
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