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Heavy vector-like quark of charge 2/3
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Effective Lagrangian

accidental symmetries are not fulfiled by
higher order operators -lepton number, ...

\

Eeﬁ o ESM T Z dlm(’) —4 O

dimO; >4

basis of local operators (no redundant)
-systematic use of equations of motion-

engineering dimension upper limit

. ge log 0.01
( A ) € = dlmoz 4 + log(E/A) ( log 1?OT§\€}V>

finite number of independent operators




F. del Aguila, M. Perez-Victoria and

J. Santiago, [hep-ph/0007316]
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Equations of motion and field redefinitions

Relevant (dimension < 4), marginal (dimension = 4) and irrelevant (dimension > 4)
operators, which it is convenient to bring to a canonical form without redundancies:

Necessary to make a meaningful comparison between different (phenomenological)
analyses.

Although there are subsets more suitable for given data subsets.

As in the case of lepton number violation, just discussed, new physics may originate
at a rather large order but its effects in general do manifest at the lowest possible
order after quantum corrections are taken into account.

Lsy = qrilqr, + triltr — M (qCodtr +trdTqr) + . ..
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A. Atre, M. Carena, T. Han and J. Santiago [arXiv:0806.3966 [hep-ph]]
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Accidental symmetries

Lepton number is an accidental symmetry of the (minimal) Standard Model because
all renormalizable couplings among the electroweak quark and lepton doublets and
singlets and invariant under the gauge symmetry group SU(3)XSU(2)XU(l) do also
preserve baryon and lepton number.

However, already at next order there exists one dimension 5 operator with non-

vanishing lepton number equal to 2:
S. Weinberg, Phys. Rev. Lett. 43 (1979) 1566

A. Santamaria’s talk
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Flavor changing top couplings

J.A. Aguilar-Saavedra, [arXiv:0904.2387 [hep-ph]]
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Warsaw basis

W. Buchmiiller and D. Wyler, Nucl. Phys. B268 (1986) 621

Gauge-invariant dimension 6 operators constructed with the Standard Model fields, up to
redundancies which are taking care using equations of motion for fermions and gauge and
Higgs bosons, integration by parts, Pauli (SU(2)) and Gell-Mann (SU(3)) matrix properties
and Fierz transformations

B. Grzadkowski, M. Iskrzynski, M. Misiak and J. Rosiek, [arXiv:1008.4884 [hep-ph]]

J.A. Aguilar-Saavedra, [arXiv:1008.3562 [hep-ph]]

lgnoring flavor indices and assuming that there are not light right-handed neutrinos (and
that baryon number is conserved)

Operator basis 1986 2010

No fermions 16 |5
2 fermions 35 19
4 fermions 29 25

Dimension 6 80 59




J.A. Aguilar-Saavedra, [arXiv:1008.3562 [hep-ph]]

Three-body top decays and single and pair top production

Pauli (T) and Gell-Mann (A\) matrices: Fierz rearrangements:

3
Z(Tl)ij('rl)kl = 2 (6adk; — 30i00)  (Ay*Br)(CrvuDi) = (Apy*Dr)(Cry,.Br)
o (Ary*Br)(Crv,Dr) = (Ary"Dr)(Cry,Br)
Z()\a)z’j(/\a)kl =2 ((5il5kj — %5ij5kl) (AR“/“BR)(C'L"/’,LDL) — —Q(C'LBR)(ARDL)

1 two orderings

oo |l

a

572 independent gauge-invariant four-fermion operators involving one or two top quarks
(taking into account different fermion chiralities, colour contractions and flavour combinations)
-out of the 25 different types of independent four-fermion operators-.



F. del Aguila, L. Ametller, G.L. Kane and J. Vidal, Nucl. Phys. B 334 (1990) 1
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VLQs have a quite rich phenomenology Nuno Castro, Granada, | 1/05/2017

1= pair and single production
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1= FCNC present at tree level

Searches for new physics in the top quark sector at the LHC



Vector-like quarks: where do we stand?

Nuno Castro, Granada, | 1/05/2017

» Single production is more complicate (and interesting...) from the

phenomenology point of view

e Can dominate for high VLQ masses:
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ES Phys. Rev. D 88, 094010 Ya! .
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Searches for new physics in the top quark sector at the LHC
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M. Chala and J. Santiago, [arXiv:1305.1940 [hep-ph]]
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Fraction of (vector-like) QQ decays into final states with at most one neutrino. £ stands for ¢ and p. We
take an average for the branching ratio into W, Z and H (see text) and assume that H always decays into
qq. For each mode we give in parentheses the {raction of events with at least one Higgs

_1i={V
p-U-(p]
Decay mode (Fraction of events
Signal fraction with a Higgs)
qQqttet Iix1o? (—)
qqéley 4x1073 (—)
qqaqss 0.03 (0.33)
q3qq ‘v 0.17 {0.33)
999999 0.59 (0.55)

Total cross sections (in pb) for the signals with at least one lepton, and for different colliders and
illustrative vector-like quark masses

qqtiel qqsétv qqqq’’t q39q<v
1 1 1
U U U U
D=U=- D=U=— =U=— =U=-—
:(p) (b) © (b)  P-v-3(3)
Tevatron
Mg =150 GeV 2% 1077 0.03 0.2 1.3
UNK
Mg = 300 GeV 2x1073 0.03 0.2 1.2
LHC
Mg = 700 GeV 3x10°¢ 4x107° 0.03 0.2
SSC

Mg = 700 GeV 4x107° 0.05 0.4 2.4




VeCtOr-llke quarkS What neXt? Nuno Castro, Granada, | 1/05/2017

« With more data we will have new opportunities for discovery (or
to improve on exclusion limits...):

15 By T B, T Ba, XTy BYq
(et e—i=(Z7) - 24 b=t 18t 23t 231 10!
(teti—1= (Z) 1wt 4mt 57mt 34mt 33 50 L
(M=~ (o Z) 3 m~t 25t 1Tt 33mt 35171 -
(=07 (Z) 34 M~ 34mt 1amTt oo7mt o o72mt 26 !
((=(F (no Z) 1=t 35m7t 1imTt o025 Mt 025 ML -
(E0= 17m=t 41mt 1s5mt o023 mTt 023 mt -
(= (Z) 22 fh=1 451 24"t 44t 441 18fH!
1+f* (Z, 4b) - - 30 fh! - - 9.2 fbh !
~ (no Z) 2.7fh~1 93 083 11t 11fbt 087 fh!
(Zb) 1.1 fb~1 - 0.60 b1 - - 0.18 b1
1# (4b) 0.70 tb=1 1.9t 0.25 b1 0.16MH"L 016MH"1 62 H1
(* (6b) 11 fh1 - 94t 27m 1 271
[arXiv:0907.3155]
Luminosity required to have a 5o discovery in all final states studied.

This is an old study on the discovery reach of 500 GeV VLQs

— the message is still valid: different channels are required for a
discovery (and to identify the nature of the discovered VLQ)

Searches for new physics in the top quark sector at the LHC | 43



Dominant decay terms
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Xs/3 masses with right-handed (left-handed) couplings below 1.32 (1.30) TeV
are excluded at 95% confidence level

CMS Collaboration, CMS PAS B2G-17-008
Under the assumption of strong pair production of vector-like quarks and 100%

branching fractions to bW, an observed (expected) lower limit of 1295 (1275)
GeV at 95% CL is set on the Ta3(Y-4/3) quark mass

CMS Collaboration, CMS PAS B2G-17-003



BR(T — Ht)

BR(T — Ht)

M. Chala, [arXiv:1705.03013 [hep-ph]]
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VeCtOI’-llke quarkS What neXt? Nuno Castro, Granada, | 1/05/2017

» But there is also a lot to do beyond that (and already with 100/fb):

* More data will allow us to have more elaborate analysis
 Advanced MVA techniques

« Continue to explore (and improve) the use of boosted objects
and top/W/Z/H tagging

 And also to be more advanced in our assumptions
(actually some of this work already started in run-1...)
» Present limits relaxing the £ BR(VLQ - SM) =1 assumption
» Test the chirality of the VLQ couplings
e Coupling to light generations
 Alternative production mechanisms

Searches for new physics in the top quark sector at the LHC



Further conclusions

/ /2
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Rare processes ( ~ T — T )

Much richer phenomenology when lower is the new
physics scale

Complementary to production ( £/ ~ M )
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