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Single top quark production at the LHC

0 Production via electroweak interactions, predicted by SM

U(CZ) t-channel d(ﬂ) b Wit-channel W™ % s-channel t
+
W b W—I—
b t g t d b
o =64.57T7% pb @ 7TeV o =15.74T12"pb @ 7TeV o =4.631023pb @ 7TeV
o =87.761 31 pb @ 8 TeV o =22.37+1.52pb @ 8 TeV o0 =5.61+0.22pb @ 8 TeV

Cross section measurements to probe Standard Model predictions
Direct constraint of CKM matrix element |V, |
Charge asymmetry sensitive to proton PDF (u, d)

Search for new physics
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t-channel .

Selection 1.04 fb' @ 7 TeV Main uncertainties
O 1 central lepton, p; > 25 GeV O ISR/FSR (14 %)
O 2or 3jets, | N |< 4.5, p; > 25GeV O b-tagging efficiency (13 %)
O b-tagged central jet O 24 % Total, 5 % stat.
miss >
o g 25 GeV _ oy = 83 + 4(stat.) 29 (syst.) pb
o M, > 60 GeV — E,m
_ E—— Significance: 6.0 0 exp., 7.2 0 obs.
uld) dg) 5 L ATLAS fLdt=1.0410" -
S - 2 jets 1 b-tag \'s =7 TeV
W+ *g 2000-_ i gﬁnt;e-top t-channel_- | Vfb | >> | Vfd | ’ | st | ’
l%’ i 1 Wby Hovour ] Measured cross-section ~ |V, |2
b ' S ke e
g 2OOO:AfLAs' 1000 - ulfets |Vis| = 1.137 515 (exp.) £ 0.02(theo.)
5 1500k e Phys. Lett. B 717 (2012) 330-350
s 5.8 fb! @ 8 TeV
Y oook 06 08 1 '
NN output Using refined cuts (jets, E;™'*°)

or = 95.1 + 2.4 (stat.) + 18.0 (syst.) pb

0.10
04 06 08 1 Vio| = 1°041—L0.11 |Vip| > 0.80 @ 95 % CL
NN output ATLAS-CONF-2012-132
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t-channel — top /antitop cross-section

Measurement of separate top quark and
antitop quark cross-section

o+(t) = 53.2 + 1.7(stat.) = 10.6(syst.) pb
o(t) = 29.5 £+ 1.5(stat.) + 7.3(syst.) pb

R; = 1.81 £ 0.10 (stat.) 7955 (syst.)

lllllllllllllllllllllllll llllllll I llllllll Illll
ATLAS Preliminary [ Ldt= 471" Vs= 7 TV

ATLAS result
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Main uncertainties

0 Cross-section: JES (19.5 %)

O R;: stat. (5.5 %), bkg. norm. (4.5 %),
JES (4 %)
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47 fb' @ 7 TeV

| T | T | T | T | T T T | T |
-~ ATLAS Preliminary

i top+antito
t-channel single top P P

11.04 fo' arXiv:1205.3130
$ 4.7 i ATLAS-CONF-2012-056

antitop

=Theory (approx. NNLO) |

15.8 fb' ATLAS-CONF-2012-132 |
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Wt-channel
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0 Dilepton event selection
o
E/"s > 50 GeV

O
O >1 jet, p; > 30 GeV
O

2 central leptons, p; > 25 GeVb

Veto cuts against Z decay

2.05 fb'! @ 7 TeV

T

0 Likelihood fit of BDT output for

1, 2 and 3+ jet bins

0O Main uncertainties
O Statistics (17 %)

o JES (16 %), Parton shower model (15 %)

Events / 0.03

(1/N) dN/ dx

— N w H

o
O 01 o O N U1 W o1~ O

—k [TTTTTTTTTTTTTT T TT T T T TTT T TTTTTTTTTITTT]T
I I I I I I I I I

Phys. Lett. B716 (2012) 142-159

ATLAS

f Ldt=2.05f"
Vs=7TeV

Dilepton 1 jet

T T |
Training

Y Wt-channel

® {f, diboson, DY, and fakes
Testing

£3] Wt-channel

tt, diboson, DY, and fakes
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BDT output

ATLAS

f Ldt=2.05fb"
Vs=7TeV

Dilepton 1 jet

T ‘ T T T ‘ T T T ‘ T
—¢-Data )
JES uncertainty

it
COWW/ZZ/WZ
[CZ(ee/un)+jets
@ Z(tr)+jets
@l Fake dileptons

or = 16.8 + 2.9(stat.) £+ 4.9(syst.) pb

Significance: 3.4 0 exp., 3.3 0 obs.

o=15.74

+1.17
—1.21

pb

Viy| = 1.03

+0.16
—0.19
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Search for tb resonances
q t

W/
q b
new charged W* boson

New physics searches in single top topologies

Search for excited quarks
b W~
b*

g t
b* quark production

Top quark production via
flavour-changing neutral

currents (FCNCQC)

u, c W+

Anomalous couplings
u(d) d(u)

W+
b t

CP violation in top quark
decay

Jan A. Stillings - Universitat Bonn




(4 - .
Search for W' production umversitétb.onnl

0 W' model with SM-like couplings q ; 14.3 fb' @ 8 TeV

O Sensitivity in lepto-phobic W* models

complementary to leptonic searches
O Probe right- and left-handed models
O MW‘R = 1.75 TeV to train BDT
0 Combination of 2- and 3-jet bins My, > 1.74TeV, My, > 1.84TeV @ 95 % CL

-~ 108E_'"|'"|‘"\"'.|'."\"‘|"_'|"'|"''_§ -‘(Q035,_\\I‘II\‘II\|.I\Il\\'I‘\II‘II\‘I\\|I\I|\||_ E L e LA e
S ¢ ATLAS Preliminary \'s =8 TeV - § = [ ATLAS Simulation \s=8TeV | & | ATLAS Preliminary \s=8TeV -
£ 10 g A [ IWR(1.5Tev) = w L Preliminary 7 ] = - B8 Theo -
§ s [ J. Ldt=1431 I Top 3 - 03¢ Background B '»Zr 102% J Ldt=14.3fo" — ;:peged Limit
w 10 §_ [ W+ets _§ 3 B j L dt = 143 fb-1 -------- W'R(0.75TeV) b ; L —— Observed Limit
- 2 jets 2 b-tags [ Z+jets, dibosons T 025 - < 10 10 =
10° = B Multijets = e co — W' (1.75TeV) 1 o0 E +20 E
E Uncertainty 1 5 - 2jets 2 b-tags . 1 &
104 g— . Data —g Z 02 C = WR(2.75TeV) - ':F -
10° E 0.15 |- 1 g
10 £ = g o 10E
10 -| : R
B 0.05 | R T E
E P o e - T g F
i V,f 24 I;E--I:HJH-Iwwll\l-- I: \6/10 E|IIII|IIII|IIII|IIII|IIII|E
. -1 -08-06-04-02 0 02 04 06 08 1 500 1000 1500 2000 2500 3000
E BDT OQutput W'k mass [GeV]
g
a
-1 -0.8 -06 04 02 0 02 04 06 08 1
BDT Output
ATLAS-CONF-2013-050
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Search for b pI‘OdUCTIOn universititbonn

47 b @ 7 TeV

0 Consider strongly produced excited b Ve
quark production decaying electro-
weakly to top quark and W boson ”
0 Single and dilepton channels analyzed
g t
O Invariant mass of Wt system and H;
used as sensitive variables My > 870GeV @ 95% CL
> T T T I T T T T T T T T T I T T T 3 - T T T T I T T T I T T T I T ! .| I T
8 ATLAS e Data ] Q 10%E ATLAS = - Expected limit -
o 10%E Lepton + jets channel -~ b’ (800 GeV) s - Vs =7TeV Bl Expected = 1o .
c = B wt 3 1 B pp— b* — Wit Expected = 20 .
o C — -1 Othertop ] x B v - ]
o Ldt=4.7f" B : o —— Observed limit
L -W+]ets HF N T 1 0 b* (szg =1 .szg =O)_E
10 Is = 7 TeV [ W+light jets g z LT TRTER T
- [ Z+jets 3 © O NN X N
B [CIDiboson ] i ]
1 Bl Multijet 1E
10_1;_ : 10_15_fl_dt—47ﬂo1 e
E : '-'---l : 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 /2
0 400 800 1200 1600 2000 400 600 800 1000 1200
reconstructed mass [GeV] m,. [GeV]

PLB 721 (2013) 171-189
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FCNC single top quark production umversitétm

1
O Same selection as t-channel analysis U w+ 205 @7 TeVv

O Require exactly 1 jet

O Measure cross-section of FCNC t
coupling to u and ¢ quark and
interpret in terms of branching ratio 9 b
0 New physics could enhance FCNC o< 39pb @95% CL

rates involving top quarks Best limit on FCNC in ugt and cgt coupling

-3
N 4000—I T I T I T I T I T I T I T I T I LI I T I— —_ 7x\1\0\ T ‘ T T T T T T T T T T T T ‘ T T T T ‘ T T T T ‘ H
S - ATLAS . ] & f 1
g 35007 Jro-eoswis-rrev ] T ogo ATLAS Lat=205 1"
o C ® data ] m C _ ]
,_?>j 3000F — FCNC (0=100 pb) = 0.250 Vs =7 TeV E
- M . . .
2500 [ single top - C ]
u I Z+jets b-tagged 3 0.20— ]
2000 W-ets - - Excluded region ]
- = Wbb,Wct,We ] 0.15F -
= multijet — C 4
1500 - 7, uncertainty = 8 .
N ] 010j N ]
10007 E - — Observed ]
500 e mms ., | - 0.05c ... Expected g
o - - E 0.%7 ) I — l ) I — l ) I — l ) I — l 1 X\T\P l 11 1 l 7x10_3
)1 -08-06-04-02 0 02 04 06 08 1 00 0.01 002 003 004 005 006
NN output B(t—ug)

PLB 712 (2012) 351-369
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Anomalous couplings universita'tb.onnl

0 Normal vector to top quark spin u(d) du) 47" @7 TeV
polarisation and spectator quark o

0 Angle BN between lepton in W boson
rest frame and normal vector b t

0 Standard model: ANy = 0.031 £ 0.065 (stat.) T 03; (syst.)

~ 1 = =0,P =0.
Ve=1Vr=9rr=0,17=09 AN, = 0.64 P1(gR)

Tel L B e e e B L DL B =
N 220E ATLAS Preliminary —°— ATLASdata -~
- . . N t-ch | ] -
% 200__ 2 jetS 1b-Jet electrons ] i??me/li‘?g-echannel _— ]:[(gR) — [_0- 207 Oo 30] @ 95 % CL
2 - . I W+HF jet =
S 180 Ldt=4.66fb" W;Iigh{(??s{s = ]
3 = s =7 TeV '\Znﬂﬁitlse,tleoson 3 a LB B B LM B B
(0] 160:_ I MC sjtat.+multijet unc. _: : ATLAS Preliminary 7]
©  140F — - 2jets 1b-jet combined i
.-g = - 095__ —_
g 120 E N L dt=4.66fo" .
&) 100 - Vs=7TeV .
0.9_— ]
L« SM prediction (LO) N
I — Observed 7
085 L15 (68% CL) -
C +20 (95% CL) 7
) LAY, =0.03+ 0.07 (stat. @ s} .
© E I B L L L I 08— ]
2 1.5 — L i
DL_ 1 E—H N P oo o mm.mmmmmm‘mé C 7
8 05F = 0.75\— —
© e e b by b b by by 1 I~ 1
0 1 -08 -06 -04 -02 0 02 04 06 08 1 - ]
COSBN 07_....|....|....|....| o, ,
05 -04 -03 -02 -0.1 0 0.1 0. 0.3 0.4 0.5
Im
ATLAS-CONF-2013-032 (%)
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Summary b

0 Standard model verification

O High significance isolation of t-channel events at 7 and 8 TeV
O top & antitop quark production cross-sections measured
O First evidence for Wt production (3.3 0)

O Limit on s-channel production cross-section

0 New physics searches
O World‘s best limit on FCNC ugt/cgt coupling
O First limit on imaginary part of g, coupling constant

O Searches for exotic b* quarks and W' bosons extended limits
0 Many new analyses at 8 TeV in the ATLAS pipeline

0 Systematic limitations pose new challenges
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t-channel

universitatbonn

To) " [ r * 1 " "1 "~ " T " ]

L _ 4 e L AL DA N AL A L L I R
= - ATLAS Preliminary [L dt=4.7 fb™ Vs=7 TeV - & 6000} ATLAS Preliminary [ Ldt=5.81b" /s=8 Tev
O  3000FI* 2 jets tagged ® data - o L 2 jets SR e data |
~ - [ t-channel (top) -1 g L I t-channel A
N - I s-channel (top) . ) B #, Wt,s-channel
'E B I tibar, Wt _ = [ I W+heavy flavour
o) | [ W-+heavy flavour o 4000 [ WH+light jets -
> [ W+light jets > L ] Z+jets, diboson J
2000 = Z+jets, diboson i B QCD multijet ]

B I multijet 7 72z2QCD + MC stat unc. |
1000
= .
© 00 +.....A.....A..........'......'...’.......'...................!..'...t
ol -0.2F
06 08 1 0 02 04 06 08 1
NN output NN output
8 105k — ATLAS Preliminary e —
5 [ %50 : S ATLAS Preliminary [Ldt=5.81fb" {s=8 TeV -
OQ B ; ° LHC pp Vs =7 TeV O 3 jets SR o data __
35pb” ! : : Theory = @ t-channel
10*E ‘ ‘ 4 B (7, Wt s-channel .
E O Data (L=0.035-4.6fb") i) I W+heavy flavour L
= c [ Wlight jets .
i g o Zumdbon ]
- ultl -
3 LHC pp Vs = 8 TeV lJ>J 7z QCD + M(j) statunc. J
10 = : : = Theory i
= 581" e Data(L=5.8-201b" )
B o el A .
- : 5.8 fb :
10 w3 E | ]
- H 4.6 fb = i oo
10 = %4.6 fo! ot g =] % 0.0 -
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- B 02 'Y
1 | | | | | | | 0 0.2 0.4 0.6 0.8 1
w z tt t ww wz Wt Y74 NN Output
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s-channel universitétbonnl

O Same selection as t-channel " ¢ 0.7 tb' @ 7 TeV

O 2 b-tagged central jets with

p; > 25 GeV Main uncertainties:
.

O Statistics (100 %)
0 Systematics (20-60 %)

W+
0 Optimized additional cuts to enrich

SH]
>

signal events

ot < 26.5pb @ 95% CL

N -+ 1 1 Tt T 3 2F ; /
z _ ATLAS Preliminary 0.70 b’ @ 7 TeV o E .
g [ 2 jets 2-tag TLAS dote ] E’ 1.8E ATLAS Preliminary
| 60+ [ s!ng:e-:op ;:hannel — E_’ 1.6~
_ B single-top - o r
% i I single-top t-channel | ' 1'4:.:
B top pairs o
2 i B W-+heavy flavour ] 12 iy
2 40r W We+light jets - 1B
B Diboson 1 -t
(c_)U - D Z+jets . 0.8
L Multij - C
20_ B Multijets h 0.6&
% L1l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
2 3 4 5 6 8
200 400 6200 OtObS (s—channel)/OtSM(s—channeI)
mtop b-jet1 [GeV/C ]
ATLAS-CONF-2011-118 ’
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W' search
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B* search o
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FCNC single top quark production
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Anomalous couplings
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