Single Top Production

James Mueller
University of Pittsburgh

for the ATLAS, and CMS Collaborations
PANIC2014, Hamburg




Outline

Motivation and General selection requirements
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Couplings derived from t-channel events

Associated W+t production
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General Selection Criteria
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t—Channel Smgle Top Production

Dominant contribution to
single-top production

Can extract | V| from cross section.
Polarized top quark,
Probe for anomalous couplings.
t-channel’s high-p.. forward jet helps 1dentification
Dominant backgrounds: ¢t production, W+jets
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Extracted Cross Sections

t-channel single-top-quark production
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Ratio of top anti-top Cross-Section

Ry = 04/o;  Sensitive to PDFs and new physics.

Many systematics cancel | 1
CMS, ys=8TeV,L=19.7 fb"

[ Ldt=459 1" Vs=7 TeV CMS
Measurement result Q 1.95 +0.10 (stat.) £ 0.19 (syst.)
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CT10 ;
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GJRO8 (VF) HERATEE
HERAPDF 1.5 MSTW2008
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CERN-PH-EP-2014-133 J. High Energy Phys. 06 (2014) 090
arXi1v:1406.7844 CERN-PH-EP-2014-032
Submitted to Phys Rev D. arX1v:1403.7366

Largest systematics:

MC statistics, PDF variation PDF variation, Signal modeling
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Differential Cross Sections

ATLAS: arXiv:1406.7844 (7-TeV)

Differential cross sections also
measured vs py and |y|, for top
and anti-top separately.

Normalized differential cross
sections reduce systematic
uncertainties.

NLO predictions consistent with
measurements.




t-Channel Fiducial Cross section

Reduce uncertainties dueto
generator dependent ATLAS Preliminary | Ldt=20.31b" 1s=8 TeV

> ATLAS result i } :
extrapolation to total cross Tt Bsys. [Jstat :
SCCtiOl’l. Predicted fiducial cross-section:

aMC@NLO(2—3)+Herwig

. . . . Powheg(2—3)+Pythia6
Fiducial region defined in Powheg(2—s3)+Pythiag

terms of (truth) particle Powheg(2—2)+Pythia6

quantities AcerMC+Pythia6 p=172.5 GeV b——a—i
to measure the x-section in ~ [AcerMC+Pythiab u=60GeV: = F
a phase space close to the 1.5 2 2.5 3 .
phase space of the o1 [pb]
reconstructed and selected ATLAS-CONF-2014-007

data events (see backup).
O 4= 3.37 £ 0.05(stat.) = 0.47(syst.) £ 0.09(lumzi.) pb

Main uncertainties: JES 7 -intercalibration, t-channel generator.




t-Polarization: CMS

If ©,is the angle between the spectator jet and the lepton in the top-frame,
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Anomalous Couplings .

CMS measures decay angle of lepton in W rest-
frame w.r.t. Win ¢ rest frame in t-channel sample.
ATLAS measures forward backward asymmetry
of lepton along perpendicular direction (V).

N=3§xq
Limits set on anomalous couplings.

g - g —ict"q, B
Ly = —ébw (VLPy + VRPR) W, % L (quPL + grPROOV, +hic.

2 w CMS preliminary, 7 TeV® 8 TeV

@ I

ATLAS Preliminary
2 jets 1 b-jet combined

CMS analysis
sensitive to real
part of anomalous
couplings.
ATLAS analysis
sensitive to
imaginary part.
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Associated W-t Production

Dominant background is t¢ ’ v b t
b
In fact, at NLO, the signal tWo,
Mixes with tt g w
Theoretical calculation removes 9 t

resonant diagrames.

CMS, \s = 8TeV, L=12.2 b’
o |
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CMS: 0,,~23.4 £ 5.4 pb (6.1 sigma) 8 007 ' 77, 7777
PRL 112 (2014) 231802 (8-TeV) W

4000

2000

ATLAS: 0,,~=27.2+5.8 pb (4.2 sigma)
ATLAS-CONF-2013-100 (8 TeV) REETT 2j1t ojot

Number of jets and b-tagged jets Region




Extracted |V |
CMS ATLAS

CMS Preliminary IthI Summary June 2014

+0.16
|V l=1.03"),, Wt 7-TeV
CMS tW, 7 TeV, 4.9 fb™!, PRL110(2013)02203 )
101075 150(@xP) 5o . ) Phys. Lett. B 716 (2012) 142-159
CMS tW, 8 TeV, 12.2 fb'1, PRL 112(2014)231802

1.030 = 0.120(exp) = 0.040(th) |th |=1 J0+0.12 Wt 8-TeV
CMS t-ch., 7 TeV, 1.17/1.56 fb™!, JHEP12(2012)035
1029 + 0.046(exp) = 0.017(th) ATLAS-CONF-2013-100

CMS t-ch., 8 TeV, 19.7 fb™", JHEP06(2014)090 |th |= 1 02 + O 07 t-Ch 7-TeV

0.979 = 0.045(exp) + 0.016(th)

CMS t-ch., 7 and 8 TeV combined, JHEP06(2014)090 arXiv:1406.7844
0.998 = 0.038(exp) + 0.016(th)

CMS i R,, 8 TeV, 19.7 fb™ arXiv:1404.2292 |th |= O 97t8(1)3 t'Ch 8 'TeV
1.007 + 0.016(stat+syst)
ATLAS-CONF-2014-007
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s-Channel Single-Top Production

Feb. 2014: DO+CDF announced first observation of single-top-
quark production in the s-channel by combining results from
both experiments.
P o= 1247735 pb
(6.3 sigma observation)
Phys. Rev. Lett. 112, 231803 (2014)
arX1v:1402.5126 [hep-ex]

Best LHC result: CMS 8-TeV data  TeVatron (1.96TeV) ‘s sseg 2IleC (8 TeV)

6.21?:? pb 1.0540.05 22,2415 _\

|
<11.5 @95% CL
CMS-PAS-TOP-13-009

ATLAS 7-TeV: < 26.5 pb 0_2;0.03

ATLAS-CONF-2011-118 Haefner, Kidonakis,
arXiv:1210:7813 [hep-ex] arXiv:1210:7813 [hep-ph]




W’ Search

In addition to the SM s-channel search, one can look for a heavier object.
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CMS Results

W' — tb — lubb CMS PAS B2G-14-010

CMS, L=19.5 fb™ at /s =8 TeV

CMS, L=19.5fb" at /s =8 TeV
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High Mass W’ Candidate ATLAS
GATLAS

EXPERIMENT

Run Number: 209183, Event Number: 94417722
Date: 2012-08-25 08:32:35 UTC

W'— tb—> jjbb candidate
2 b-tag channel

hadronic top candidate

b-tagged jet

M,,=3.3 TeV, p(top)=790 GeV, p(b)=520 GeV




High Mass W’ Candidate CMS

C

Muon

AKS5 Jet p_= 158 GeV
p_=108 GeV T
T n=-1.90

MET
ET= 315 GeV

M(top) = 179 GeV

pT (top) = 504 GeV

M(tb) = 3824 GeV

AKS5 Jet
pT= 510 GeV

n=2.04 CMS Experiment at LHC, CERN
Data recorded: Fri Aug 10 01:27:27 2012 CEST
Run/Event: 200600./ 361149229
Lumi section: 237
Orbit/Crossing: 61967990 / 2824




Summary of Cross Sections
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~ MSTW2008 NNLO PDF
T stat. uncertainty
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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)
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t-channel process now becoming tool for studying precise couplings, BSM.
Associated W+t production now observed (6.1 sigma CMS, 4.2 ATLAS)
s-channel observed at Tevatron. More work/data needed to observe at
LHC.




Searches for Flavor Changing

Neutral Currents
Many different searches

ATLAS-CONF-2013-063 >Wm<

qq — tc

CMS PAS TOP-14-007

O -

Y.,z
CMS PAS TOP-14-003 3
CMS PAS TOP-12-021 i

Same basic Lagrangian
- T [Vas 5 o rRn

q=u,c

g th U P ARP 7 h
+\/§Cw A to ( L+ fq R)9 Zuwv | +h.c.




Lots of Upper Limits

CMS preliminary,\s = 7 TeV, L = 5.0 fb™

ATLAS-C
Shasasee K g/ N<0.0051 TeV-!

N f Ldt=1421" \| ATLAS Preliminary
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L \ ]
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St ey
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K o/ N <0.10 TeV-!

K oo/ N <0.35 TeV-!

K g/ N <0.45 TeV-!
i 5o/ N <2.27 TeV-!
Ky / N<0.028 TeV-

K ..,/ N<0.094 TeV-!

tcy

_Jx10®

CMS PAS TOP-14-007




Summary

Observations of -channel and W+ single-top
production. Upper limits on s-channel at LHC, but

observed at Tevatron.

Limits set on b", W’, anomalous couplings, as well
as FCNC.

These are complicated analyses; not all analyses of
Run 1 data complete yet.

New data will be taken 1n 2015 at higher energies
Larger cross sections, More integrated luminosity.
Greater reach for b*, W’ searches.

Stay tuned.




Backup



ATLAS b*— Wt Search

L, R or vector-like couplings

zgj\GuVZO'W KlipL +K§PR b* + h.c.
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t-Channel Fiducial Cross section:
Fiducial Selection Cuts

Object Cut

Electrons pt > 25 GeV and |n| < 2.5
Muons pr > 25 GeV and |n| < 2.5
Jets pr > 30GeV and || < 4.5
pr > 35GeV,if 2.75 < || < 3.5
Lepton (£), Jets (ji) AR(¢, j;) > 0.4
EMiss E™Ss > 30 GeV
Transverse W-boson mass mt(W) > 50 GeV
Lepton (£), jet with the highest pr (j1) pr (£) > 40 GeV (1 _ m-lAd ’f)l)

m—1




