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Key to electroweak symmetry breaking
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Top quark decay
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t-channel single top quark production
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s-channel single top production
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SM single top quark production
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production
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Tevatron:

LHC: _
7 Te) g, ..=76pb
LHC:

o, =326 pb

SM tasks:
e measure total cross section — CKM matrix element |V
e top polarization, PDFs

(14 TeV)
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New physics in single top

~ New | New coupling: New particles:

Inteli;aCNUOnS- modified Wtb heavy boson
CNC coupling or charged Higgs

or anomalous or T' or B’
CKM matrix

q . g t % W
e | i >N
C t ‘ b

New physics tasks:

e measure individual cross sections — different modes sensitive to different
new physics
e look for specific new physics scenarios

e W’, fourth generation quarks, charged Higgs

e gluon FCNC
e anomalous Wtb couplings
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Proton-antiproton collider
CM energy 1.96 TeV
- — Energy frontier - until a year ago

nstantaneous luminosity >4E32 cm™s”!

* &
actions per crossing, 1.7M crossing per sec
—. Protomnwe roton luminosity fro
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Fermilab single top history

DO Publication history ‘

. Search PRD 63, 031101 (2000) - Search: PRD 65, 091102 (2002)
- Search: PLB 517, 282 (2001) Run | W PRL 90, 081802 (2003)
= Search. PLB 622, 265 (2005) . Search PRD 69, 052003 (2004
LW PLB 641, 423 (2006) - Search PRD 71, 012005 (2005)
. Search: PRD 75, 092007 (2007) Run il - Evidence: PRL 101, 252001 (2008)
- Evidence: PRL 98, 181802 (2007) - FCNC: (PRL) arX1v:0812.3400
- FCNC: PRL 99, 191802 (2007) - W’ (PRL) arXiv:0902.3276
W’ PRL 100, 211802 (2007) . Observation: (PRL) arXiv:0903.0885
- Evidence PRD 78, 012005 (2008) . MET+jets PRD 81, 072003 (2010)
- Witb PRL 101, 221801 (2008) . Observation PRD 82, 112005 (2010)
. Witb: PRL 102, 092002 (2009)
-H*: (PRL) arXiv:0807.0859
. Observation: (PRL) arXiv:0903.0850

. tau search PLB 690, 5 (2010)
. t-chan meas. PLB 682, 363 (2010)

. FCNC PLB 693, 81 (2010)
.topwidth  PRL 106, 22001 (2011)
W PLB 699, 145 (2011)

.t-chan obs.  (PLB) arXiv:1105.2788
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Single top quark event signature
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Single top quark event signature
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Background processes
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Discriminating variables
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Discriminating variables
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Tevatron analysis outline

Trigger Single top b-quark
selection event kinematics tagging
= 9 t
S/B=1/10 i —
tt— 1l
tt — I+jets I
wbb Il
weec IR
S/B =1/250, 4
50,000 events/tb e
=
Statistical analysis Combination Multivariate techniques
BDT NN ME
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Multivariate methods

Input: Method: Output:
discriminating variables multivariate analysis  signal likelihood

Event energy
Quark jet angle
Reconstructed top mass

—( P(signal)

Cut-Based Neural networks ~ Decision trees Iikelihood
Boosted decision trees  Bayesian neural networks Neuro evolution Matrix Elements
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Single top production cross section

A Several multivariate Boosted Neural Matrix
. . Decision Trees Networks Elements Likelihood
filters combined 1n

one final discriminant E

- BNN (D)
— NEAT (CDF)
CDFRupn,L=32m'
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w CrOSS SeCtlonLS CDF Preliminary Single Top Summary
= For M, = 175 GeV/c”
DO 2.3 fb™’ March 2009
S-Channel
‘ +0.95 Likel;hgtf)bd‘,Function | 1.5+ 83
Decision Trees 3.74 “579 pb ikl :
. : +1.18
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. ' 0.99 ;
Matrix Elements 4.30 355 pb Matrix Eleen 2.5+ 07
1 T
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o o v 2% =
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1 1 1

G (pp — tb+X, tqb+X) [pb]

S ® Measured Peak NLO: Z Sullivan, Phys Rev.D70,114012 (2604)  NNNLO: N.Kidonakis, Phys Rev.074.114012 (2606)
= 5 * SM = 5 , RPN . :
g v Ztu FCNC o e BestFit
g g, 0049, g 45 B 68.3%CL
§ a % IV, |=0.2 s a 95.5% CL
Top-flavor 99.7% CL
[
£ A m=1Tev é s W SM(NLO)
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~ Tevatron combination

e
L

— Each experiment observes 5 ¢ significance CDF Run Il Preliminary, L = 3.2 fb™
210" |
— DO and CDF measurements are £l
consistent to 1.6 6 g .
— Combination of MVA distributions gor
A Bayesian statistical analysis 10°
A Taking all uncertainty correlations into account 10° }
10° ;
Single Top Quark Cross Section August 2009 10 ;1 £
D@ : 3194 L0 L T
: 94 _5gg pb 300 -200  -100 0 100
I Test Statistic [-2In{Q)]
CDF Lent : o 22 i :ggg pb % 1: Tevatron Preliminary, August 2009
: 8 ' 0,,=27655 pb
CDF 1 ; o 1 50 2% pb N
@@
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o

) =
.

e
-

[ I
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o (pp — tb+X, tgb+X) [pb] G 05T 75 2 25 3 35 4 4578

single top cross section [pb]
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CKM matrix element Vtb

Vi ,

VAV %Q VCKM 5% VCd VCS V b
-«s."'*:_:.‘«“% \ \/td \/tS w )

A CI‘OSS SeCtiOn oC |th|2 .§ 3:” Tevatron Preliminary, August 2009
Q25" =
— Assume SM top quark decay: 3""5?‘ IV,,| = 0.88+0.07
2 2 2 £ || 95% C.L. limit: 0.77

IVtd|“+|Vts|*«|Vtb| g2
. o i
— Pure V-A and CP conserving Wtb vertex — 4.sF
A No assumption on number of families -
or unitarity :
0.5
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t-channel production

e New analysis 2000/ (a) b2 54fb" g (b) DO 5.4fb"

. -1 =] e Data .

Wlth 5.4 fb @ 1500 “:2:‘% M t-channel % 40
e Dedicated c s-channel +
> T Wijets S
t-channel filter 1000/ "5 it >

e No assumption g | ¢ mlultiiets | = 4
s 900 e k4

about s-channel “wa, ® :
b % v ;

0 02 04 06 0.8 |
Ranked t-channel discriminant 8 5 0.7 08 ‘ 0.9 1

o Ranked t-channel discriminant
e 5.5 ¢ significance .

2 DO 5.4 fb
“ : e
- -1 =) I -1 -~ = % C.L.
§ - (b) Do 5417 T () Do 5417 T == 90% C.L.
I ()]
S 30" £ o
2 : S
§ 20 - i, 20- + %
© 10 s 10+ . £ | . easuremen
T’ * - (1] PRD 74: 114012, 2006 SM (21
> " [2] EPJ C49: 791, 2007 { Four rati
"o ___.—-‘i—*-"**' 1 R O e
140_160 180 200 220 0,772 2 73 ronct
Top Quark Mass [GeV] Q(lepton) xn(lught-quark |et) 05— —
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Top quark properties
e top quark width from

t-channel cross section

u

—use R=B(t—=Wb)/B(t—=Wx) to obtain full width W
- +0.57 L +1.1 —25 b
e Top quark polarization from spin correlation
(R: V+A, L: V-A)

) CDF Run Il Preliminary, L=3.2 fb” = 'o' '
% 95% CL q e Dty
5 B 68% CL ’ 3 D
o « CDF 11 Data © W %)

| < R R

q’ b
o

Analysis using likelihood function
Test for right-handed coupling in

top production
Y = 1.5
0 s polarization = ZE—%L = 171
O, .apL, (PO ORTO]
Thursday, July 7, 2011
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Tevatron new physics searches
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Gluon-FCNC 1n single top

A CDF: 2—1 process
* multivariate analysis using NN

0
(&) ) {
_—
Q.
S
UQ
e
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@ U=}
\é

DG 2.3fb!

2 06 07 08 09 1

—

.'g S_M single top
It _
@ 3001 wbbswee
t - mWc
u, C W mWaq
o ] @ Diboson
r:z t
8 200ft=505°
S data(22tb')
c
©
o

g < 0.025 TeV !

1 05 0 05 1 Kgl -
N Oi. k<2 0205 e

Yield [Events/0.04]
o o
o o

A DO: 2—2 process
% Same final state as t-channel

0705 0 05 @ 1

Cos(lepton,jet1) % multivariate analysis using BNN
95% CL limits: tgu tgc
Cross section 0.20 pb 0.27 pb
Ktgf /N 0.013 TeV~! 0.057 TeV ™!
B(t — qq) 2.0 x 10~ 3.9 x 1072
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Single top anomalous coupling

A Left-vector (ft;, =1 in SM), right-vector (fR,), b
left-tensor (f-,), right-tensor (fX,) top
£ = =y V(I P+ [l PR)IW, W
\/_
g —w’“’q,,

\/_ Y (fy PL + f3'PR)IW,, + h.c.

A Single top is sensitive to magnitude (PRL 101, 221801 (2008))
A ttbar to ratios of couplings (W helicity, PRL 100, 062004 (2008))
A Best sensitivity through combination (PRL 102, 092002 (2009))

2

2:,. 27 D@ Preliminary i 2 D@ Preliminary E: - DO Preliminary
I 9) | 2 < | ® Measured Peak
st RP<0.72 15 fF> < 0.30 1.5 [R,2 Qoore G-
I ‘ 90% C.L
i 1 1 Wos% C.L.
: | IR, <0.19
0.5/ 0.5 0.5
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Search for W' boson

- Explore simultaneously left-handed and right-

q w' handed couplings % IsS"Do 33 m]
- 950/0 CL |ImItS: 0.8
(T = M, > 863 GeV (L only) .
M, > 885 GeV (R, M,, < m .)
0.4
M, > 890 GeV (R, M, > m ;) |
M, > 916 GeV (L+R) b
s | @ Do 23m! | %02 04 06 08 1
: Data T al
5 — W’: 850 GeV (x15) z o
2 B tqb 2 DO 2.3 iy
— \‘\1, : 2 5 8~ Observed limit
Z+‘*:J‘:t5 i i) 3 - @ - Expected limit
jets, dibosons = ¥ W’ (ab=1, aR=1)
- ° o

w

*T_r‘Y*‘Tﬁ"Y 'r Pt ey rY_'j" [2‘ ™
<

0 Multijets

o

0 02 04 06 08 1 (00 €50 700 75 105 S0 e 3hsitho

Boosted Decision Trees Output M(W?) [GeV]
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Proton-pro on collic .
-~ .CMenergy 7T -'}."-

J&.‘
~.

= Energy frontier "'k-\ S

Instantaneous luminosity > 6E3&cm'2s o

—>8 mteracnons per crossing, 1.7M crossing per secon('ilg-
a3 ~—dLuminosity frontier *
- m&‘
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ATLAS

Measurement of t-channel production ##=uts

d
« 36 pb' of 2010 data analysis

;¢ 156 pb-1 of 2011 ATLAS data
v analysis shown here

1.6/~ ATLAS Online Luminosity Vs =7 TeV
14 - [Il LHC Delivered
Tk [ ] ATLAS Recorded

1.2 .
Total Delivered: 1.29 fo

1/~ Total Recorded: 1.23 fb

Event selection:

Total Integrated Luminosity [fo )

* 1 electron or muon o8f 156 pb-! 5
E.(py) > 25 GeV i

o ETMiss > 25 GeV 0.2 E

. =2 jets (pT >25 GeV), = 1 b-tag 0303 a103 3004 '301'%5% ir" 2(‘)213306

: M. > 60 GeV - E;™ss (multijet veto)

. fewer channels than Tevatron, tighter cuts
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W ATLAS

L EXPERIMENI

Background Modeling

w ) T M L v v v 1} v N -
= - ATLAS Prelimina 156 pb™’' @ 7 TeV 2] - ATLASPreliminary 156 pb' @ 7 TeV ]
C . Il Saum 3 - = ATLASPreliminary 156 pb™” @ 7 TeV
= -2 jets 0 tag i single-top t-channet S S 2 jets tag B t-channel I5
T - Il single-top s-channel S > 3]
s - > W 400F Wt |8
Q Z M i, single-top Wit-channel e o B s-channel 0
+w 10000 Il W+heavy flavour ; 5 - I 'g-
U I~ o .
B I B W-light jets n O - 1%
g I I Z+jets, Diboson 2 I i = x:;‘;: v flavodr) o
O - B Multijets N © Dib ?
5000l = O 200+ iboson 1N
] + ATLAS data £ B Z+jets g
i statistical + JES uncertainties § : Bl Multijets §
- - g « ATLAS data &)
R =
o 200 400 600 % 200 400 600
H, = ZE; (Iepton, E;Ms, jets) [GeV] H. [GeV]
T T T
= ATLAS Preliminary 156 pb ' @ 7 TeV{ _ 2 ATLAS Preliminary 156 pb’ @ 7 TeV ]
() 2 jets tag S o 2 jets tag S
& :
o 300 g it S
-— Q. .q_’. (o3
S z g =
2 200 2 S S
8 3 © ?
5 O =
: 2
100 S é
O Q
= =

MICHIGAN STATE
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W ATLAS

Cut-based t-channel analysis

| untagged jetn | > 2.0
140 GeV < top quark mass < 190 GeV
- |An(lepton, b-tagged jet)| < 1.5

. _ i %) —_— T -~
b tagged Jet n | <20 qc) 80; B single-top t-channel ]
R > > - Il single-top Wt-channel -
_IT 180 GeV L;j, 70: J- | =1 56pb'1 Ml single-top s-channel
° e : -tf _:
separate by lepton flavor g 60 —
and top charge St I W-light jets :
8 50:_ + Diboson E
& F ATLASPreliminary 156 pb' @ 7 TeV - B Z+jets E
S  100[Rjets w0 After CIT'E on - S 40F -Zﬂ$&‘2sd -
k- i : 5 - . ata :
pe luntagged jetn| 3 30 E
g | 5
S : E
5§ 2
|E
Q Muon + Electron + Electron - Muon -
100 200 300 400 500
M, [GeV/c?) Lepton flavour and charge
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W ATLAS

Neural network re Sult 1 EXPERIMENT

910000"' T T o - . .
= ATLASﬁ’relummary .single.tl 3? ggnn(g 7TeV|_ @ 2 2 N p u t varia b S
o 2jets O tag 2 single-top t-channel
Lﬁ B single-top s-channel o .
o M i, single-top Wt-channel 3 I single-top Wt-channel
b [l W+heavy flavour a inale- -channel
g I Wlight jets = =S_I gle-top s-channe
o B Z+jets, Diboson o tt
= W Muttijets 3 Il W+heavy flavour
O « ATLAS data N I W+light jets
statistical + JES uncertainties) g Diboson
- {2 B Z+jets
12 Il Multijets
+ ATLAS data
U) L L T " . L L T T L A Ll v T
02 04 06 08 1 & ATLAS Preliminary 186 pb' @ 7 TeV
NN output g " 2 jets tag ]
——— 7] >
ATLAS Preliminary 156 pb'@ 7 Tev] L) 40 -
jets tag )
@ ) il
4]
O
©
C
3]
O

N
(-

Candidate Events
MC normalized to SM prediction

lllllllllllllllll

MC normalized to SM prediction

0.8 1 . .
NN output NN output

Reinhard Schwienhorst

Thursday, July 7, 2011



« Simple event-counting

t-channel result

CATLAS

~LEXPERIMENI

27] L | T ]
1.8F

L] t L] T T ] LJ T
.

: stat only

« Expected cross section
systematic uncertainties

- B-tagging ~ 12%

MC statistics ~ 11%
ISR/FSR ~ 6%

Signal modeling *3¢_,,%

- log likelihood

Total systematics *°°_,3%

o Statistical uncertainty 17%

Cut-based: Observed cross section:
o, =97 ™4, pb
Observed (expected) significance:
6.3(4.50

1.6} stat + sys

1.4

ATLAS Preliminary —

156ph '@7TeV
L5 qeural network

~15 2 25 3

o/ Ogyy

NN: Observed cross section:
o, =76, pb

Observed (expected) significance:
6.2(5.7)0
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t-channel result
¢2010 data, 2 analyses: 37-variable BDT and é

fit to spin correlation and light quark jet n

e N
- ) 36 pb'\s = 7 TeV idm ] @ memssmsmesse e r
® t channel " - F CMS 36 pb \s-7TeV * data 3
W 40 []tw + s ch. —_ § 701 I t channel 3

Ll N W 60L . th+sch. ;

30 B voBiwes : B .

+ v . 50 - He .

20 B vi+light jete ] - - Wbb+Wce B

"laco ] 40 B e 3

i Il Other ) 305 B W+light jets

E ]aco :

0 ] 20 I other -
0 05 1 15 2 25 3 35 4 45 5 :

n 10 E

ight jet f o e . .. _.

0 35ETTT T 0708 06 04 02 0 02 04 06 08 1

€ F CMS .36pb'\Ns=7TeV :

:>j 30F ‘ i bdt
25F- - combined: observed cross section:
20;+ o, = 83.6 £ 29.8 pb
155 -

10 Observed significance: 3.5 o
5 Observed |[Vtb| > 0.68 at 95% CL
°F 08 06 04 02 0 02 04 06 08 1 esubmitted to PRL

cos B
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w t-channel summary mEyyre

I I 1 I I I I l 1 I I I I 1 I I I 1 I

g I B CMS Preliminary, 35.9 pb" l
= Y DO
o 102 ® CDF

——— NLO 5f

A ATLAS 156 pb-!

| Illlllll
| llllllll

| llllllll

|||||||
n—.—c
lllllll

10
Vs [TeV]

-
N
.
@)
Q0
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ATLA

3 EXPERIMENT

Wt associated production
& t eNever before £ _ | arias preliminary  ousionconsoes:
seen! G F fra-osp :
b W esearch in 5 o
| lepton+jets 2 w00
Dilepton backgrounds: and di-leptons
Top quark pairs i
e Model using MC@NLO 10, -
«  Normalize to data ¢+ E
Y y =" 2 3 a4 5 6 7

Number of Jets

eset limit of 158 pb (10 X O'WtSM)

3
g £ 1 8*’; ,.stat only
£ 16} : stat + sys
W v ;c_) :: ]
Drell-Yan e T R ;
 Model using Alpgen 3 ;
« Normalize to data Smaller o8t ;
+ backgrounds 0.6f : 3
q Z H fron'% 75TT 0.40 : § ATLAS Preliminary =
) A Y \s=7 TeV, L= 35 pb"
. . 0.2} . : : 1
dibosons, W+jets, BN —_— PR i
T .. 0 2 4 6 B 10 12 14
g q . multijets |
G/Ogn
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LHC new physics searches
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ATLAS FCNC search bt

ﬂ L'Y"'Y!"'!I""YY"YI"'YY"'YI"'Il"_
g T F - * dats
1 i © 90 ATLAS prelimin
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Summary/Outlook

P prqductlon observed at Tevatron and LHC
n S- -hannel+t channel observation in 2009

: f observation in 2011
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mgle top as a tool to. look for new ph ‘9‘
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Larger LHC datasets will brlng separate observation of all
single top processes and many new physics searches

Reinhard Schwienhorst

Thursday, July 7, 2011



