Single top production

(direct measurements of Vig, Vis, Viv and new physics related to single top)
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Outline

» Single top production within SM: Vi, Vis & Vig ?

» Single top production BSM: resonant NP vs EFT, monotops

* Not covered in this talk: th, FCNC top production

(see talks by Brod, Mawatari, Sakurai)

* Disclaimer I: down with a virus infection the past few days

* Disclaimer II: have not travelled to west-cenbral Africa recently



Single top production within SM

q q'

4 s-channel

| e

Approx. NNLO Kidonakis, PRD 83, 091503 (2011)
CMS, JHEP12(2012) 035

CMS, JHEP06(2014) 090

Approx. NNLO Kidonakis, PRD 82, 054018 (2010
CMS, Phys.Rev.Lett 110, 022003 (2013)
CMS, Phys.Rev.Lett.112, 231802 (2014)
Approx. NNLO Kidonakis, PRD 81, 054028 (2010)

CMS, PAS-TOP-13-009 (FC interval) |
I I I I I I

~

g - ICMSI Prelliminlary |
t-channel W t > L Single top-quark production

b 10° &

_ = ¢
8 b -

8 W 10 == (:>
Wt-channel N B
15

b t E .

L A

q t 107 o

= A
s-channel —

L | | | | L

-2 I

q' b "% "3 4 5 6 7

8 9 10 11 12 13 14
\s[TeV]

* Theoretical results for single top quark production are available at

an ever increasing level of sophistication.



Single top production within SM
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Matching to parton SNOWEIS & e foana p ol e 1200, 150 2012)

S. Alioli, P. Nason, C. Oleari and E. Re, JHEP 0909, 111 (2009)

most recently: partial NNLO QCD prediction for t-channel

M. Brucherseifer, F. Caola and K. Melnikov, 1404.7116

8 TeV LHC | oro, Pb |onLO, Pb| ONLO |OoNNLO, PP|ONNLO
top 53.8730 | 55.1700 | +2.4% | 54.2795 |-1.6%
anti-top 29.1t2;4 30.1t035 +3.4% 29.7t031 —1.3%
smalliness of NLO effects appears accidental




Vix from Single Top Production

» t-channel production @ LHC predicted at few % level!

8 TeV LHC O’};I&lj%o _— 839j8§pb (does not include ~2% PDF uncertainty)

» proportional to |Vix?:  o®p = t/X) = A, Vtd| 2+ A, Vts |2 + A, | Vtb|?

H. Lacker et al., 1202.4694

Ag: A, Ay =5:18:1
in SM Vial? : [Vis]? : [V =6 x107°: 1.6 x 1075 : 1



Vix from Single Top Production

» t-channel production @ LHC predicted at few % level!

8 TeV LHC O’};I&lj%o _— 839j8§pb (does not include ~2% PDF uncertainty)

- proportional to [Viu]2:  oep = tX) =A, 1 d 12+ A 112+ A, | Vib |2
H. Lacker et al., 1202.4694
Aj: A Ap=5:18:1
in SM Vial? : [Vis]? : [V =6 x107°: 1.6 x 1075 : 1

. inC|uding top decay O‘(pp — (t s bW)/X) ~ Ab|‘/;5b|2R J. Alwall et al., hep-ph/0607115

determined from B(t — bW)/B(t — qW)

* ~8% measurement of o@p = t/X) can be translated into ~4%
determination of |Vi| = theoretically 8|Vis| < 1% possible
« Access to Vis & Vig?



Vi from Single Top Production

« Access 1o Vis & Vig?

* In t-channel and tW production from initial s, b sea quarks,the
events more central than those resulting from initial @ quarks.

J. A. Aguilar-Saavedra and A. Onofre, 1002.4718

* more pronounced for final state t quarks than for antiquarks.

- Sensitivity far from expected value of |Vi4| (by two orders of
magnitude)

- Better prospects for |Vis| determination from t decays using
characteristic differences in the b- and s-jet profiles

A. Ali, F. Barreiro and Th. Lagouri, (PLB 693(2010) 44-51).



Single top production beyond SM

* S- t- channel resonant production

» single production of fermionic t & b partners
q b q

. EF q' T b

» anomalous tWb couplings & 4-quark operators



Resonant single top production

------ VA
VA ‘ c
, | . q q
LeptophobIC e/ e multiple
non-universal . FCNC Z" models
Higgs models
(Top flavor)

Generically
severe constraints
from D-D mixing

Ahrib et al., hep-ph/0602175


http://arXiv.org/abs/hep-ph/0602175
http://arXiv.org/abs/hep-ph/0602175

Resonant single top production .

* The spin analyzing power of top decays can be used to probe
resonance chirality " g
w v, G’

t
» distribution of charged lepton in W decay —
b

* In top rest frame, lepton always along top spin direction

dl’ 1+ Apcosbpel

* In helicit | =
elicity basis ['d cos 6y, 2

At = +1 (right handed)
A = —1 (left handed)

Kane, Ladinsky & Yuan, Phys.Rev. D45 (1992) 124-141
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q b 1 q q
W
Resonant single top production M , I
q T b T

» Fermionic top partners below TeV ubiquitous in models of a light

composite Higgs /\

Smi ~

* top quark partial compositeness implies sizable t-7 mixing
fi

LO>mpfrOr +mrfrROL +AO0LO0xgOr, Or ~(3,2)1/6,--- .
H

= Yt ~ SLSRA Kaplan, Nucl.Phys. B365 (1991) 259-278

/i
c.f. De Simone et al., 1211.5663
- single T production important search channel poatn 2o progress:
(especially for heavier T masses) s o o, 14000000

Matsedonskyia, Panico & Wulzer, 1409.0100
Backovic et al., 1409.0409
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* single T production important search channel
(especially for heavier T masses)

t-T mixing
fi

On

5 (1991) 259-278

f;

c.f. De Simone et al., 1211.5663

recent progress:

Azatov et al., 1308.6601

Gutierrez et al., 1403.7490

Gripaios et al., 1406.5957

Matsedonskyia, Panico & Wulzer, 1409.0100
Backovic et al., 1409.0409
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BSM single top production in decoupling limit

* |t NP degrees of freedom kinematically inaccessible can describe
BSM effects in single top production in terms of EFT

»Cint — Z Ca Oa

Ana
» at lowest (/7322) order Cao, Wudka & Yuan, 0704.2809
t - t
(1) anomalous tWaq, (t£q) couplings W %A<
b b
A P (a) (b)
05 = (1D )@’ ar) g
Opir = i(¢' Dyp)(Ery"br) Fwen = _\ﬁbyu(VLPL tVRERIW,
~ — v _I ~1x71 = .
Ow = qr.o" 0 tRSOW,uV g z10"qy

R — —=b (9. Pr + grPr)tW, +h.c.,
ObW — q_LO"U’VO'IbRQOWiV \/§ mw a
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BSM single top production in decoupling limit

* |t NP degrees of freedom kinematically inaccessible can describe
BSM effects in single top production in terms of EFT

»Cint — Z /Slaa Oa

» at lowest (/7322) order Cao, Wudka & Yuan, 0704.2809

(1) anomalous tWaq, (t£q) couplings

q t q t
(2) four quark operators W >-?5-<
o q b4 b

= (@tr) (UrQ) (¢) | (d)
Oéé) = (‘ft )(cj{bR) €ij; — Osp = Guy ) ( “PLQ) (b%PLt)
Oé?é) = % (C]ﬂﬂ C]z) (@W“quh) : +% (QW“PLQ') (fvuPLb)]



BSM single top production in decoupling limit

* |t NP degrees of freedom kinematically inaccessible can describe
BSM effects in single top production in terms of EFT

roN Ca g e T
int — A’na a 95% CL allowed regions (X(%l\]/{iiglzz()no ]
* + 1
a 15 iyt RS T (ExTLAs 2010))‘5
1 _‘; BT,
0,5':
» at lowest (na=2) order ;

(1) anomalous tWq, (tZq) couplings

(2) four quark Operators 0‘ | ‘0‘,2‘ | ‘0‘,4‘ | ‘0‘,6‘ | ‘0‘,8‘ - ‘1 - ‘1‘,2‘ | ‘1‘,4‘ | ‘1‘,6‘ | 1,80i 2

Can be constrained with combination of single top production
and decay observables: O aach & O, 1200 4564
_ mOdlfled ra_tes Bernardo et al., 1408.7063
- effects on top polarization .



Monotop production



DM Pair Production at Hadron Colliders

« (3eneral discussion in terms of EFT
Ca
»Cint — ; Ana Oa

« With B preservation, O need to be bilinear in quark fields

O?a :(QiLWuQi)jcha

OF, =(Wgyuufy) Tt OF, =(dgyudi) TL

O =(QLHuR)Ta, O3, =(QpHdR)Ta,
» coupling to suitable dark sector currents, I.e.

Tva = XYL IX Tsp = x{1,75}x J =x"x, TF = xToryx

Fermionic Scalar



DM

Palr

Production at Hadron Colliders

» Flavor universal contributions (Cj ~ i)

* monoljet,y] constraints using initial state radiation for tagging
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c.f. Zhou, Berge & Whiteson, 1302.3619
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DM

Palr

Production at Hadron Colliders

» Can flavor violating interactions be competitive”

« Constraints from AF=2 observables

- effectively no bounds on  C,. i, @;ﬁ

E | . 0112 < 1 0122 < 1 u, €
Xamp e. A ~2TeV' A 0.3 TeV’

» large monotop (t+Emiss) signals possible due to chirality flipping

operators (also b+Enmiss, but can be due to flavor conserving ops.)

J.FK. & Zupan, 1107.0623
Boucheneb et al., 1407.7529

(~ 1% signal eff.)

* reconstruction using jwp)j+Emiss, Of Jiw)l+Emiss (M7)

Andrea, Fuks & Maltoni, 1106.6199

Alvarez, Coluccio Leskow, Drobnak & J.EK., 1310.7600

Agram et al., 1311.6478
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—Xxpectations in Models of Flavor

* Minimal Flavor Violation

Caa = b3 + b8V TY, + 03VIV Yy, + -
Cy, = (b§4a) 4 bééla)ydyj 4. )Yu

* For e ~us~b2 Cog almost flavor diagonal and universal

* C4a Is highly hierarchical, can have large flavor violation if yp~1
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» Larger effects expected with horizontal symmetries
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Single X + t Production

» Corresponds to production of neutral mediators in DM models

- Example: Scalar DM (S) via (heavy h2) Higgs portal in THDMII

L7, = > (75 Prulhy + G d' Prd’hy ) + hic. + Avpwha S5,

ij
* D-D mixing
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Conclusions

 Single top quark production a key part of the top physics program at
the LHC

- fruitful laboratory of EW & QCD effects (e.g. PDF fits)
« provides direct access to third row of CKM
 Rich BSM phenomenology, complementary to other searches

« Example 1: single top partner production expected to become
dominant discovery channel within composite scenarios

- Example 2: monotop provides powerful probe of dark sectors
coupling to quark flavor

22



