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The LHC question
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The LHC question

Why are particles not moving at the speed of light?
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Fermion 1n Higgs field
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Fermion 1n Higgs field
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Coupling
strength ~ 1
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Electroweak symmetry breaking -
Why 1s the weak force so weak?

Gauge boson coupling to Higgs field
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Key to electroweak symmetry breaking
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top-gluon interaction p’ 4 generation
- top - W boson t quarks

Interaction other new new heavy
anomalous CKM matrix fermions fermions

anomalous

| vector
Wtb couplings W’ quarks
S Z
CP violation | charged
Flavor-changing Higgs

new couplings neutral currents -

Extra Higgs-less Other new

Supersymmetry dimensions models physics models
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Central to new physics searches
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Central to new physics searches
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Central to new physics searches

King of the Fermions
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Experimental Setup
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Tevatron proton-antiproton collider at Fermilab
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Tevatron proton-antiproton collider at Fermilab
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DO detector
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Large Hadron Collider
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Large Hadron Collider
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ATLAS detector
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ATLAS detector
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Top quark production and decay

Incoming broton 1

LHC decay pro-ducts
or ' detector
Tevatron '

decay pro'ducts

incoming parton 2
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Physics Program
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Top pair production | Single top production

@ @ @ @

Tevatron: I o, =7 pb ¢ =3 pb N

LHC: _ =75 pb
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Top pair production | Single top production

. Top mass * tWb coupling -
measurement total cross section
* predict measurement
Higgs mass
« CKM matrix

element ratio
* tWb coupling -
W helicity

* top-gluon coupling - total
Cross section
measurement

» top quark charge

* electromagnetic
coupling

* measure CKM matrix
element |Vtb| directly

* Wb coupling -
top quark spin

* b-quark content of
proton
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Top pair production | Single top production
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Top quark mass measurement
Mass of the Top Quark

July 2011

CDF-I dilepton

D@-1 dilepton

[ H——

CDF-II dilepton

DO-II dilepton

CDF-I lepton+jets

D@-I lepton+jets

CDF-Il lepton+jets I |

D@-Il lepton+jets -

(* preliminary)
167.4 £11.4 (+10.3+ 4.9)
168.4 +12.8 (+12.3+ 3.6)
170.3 £ 3.7 (x2.0=3.1)
174.0 £ 3.1 (= 1.8x25)

176.1+ 7.3 (=51+53)

180.1+ 5.3 (3.6=3.9)

173.0+ 1.2 (x0.7=1.1)

1749+ 1.5 (:08+1.2)

CDF-I alljets

CDF-II alljets *

CDF-Il track

CDF-lIl MET+Jets *

Combination *~

®
186.0 £11.5(x10.0+5.7)

1725+ 2.0 (x1.4=1.4)

166.9 + 9.4 (+9.0=28)

1723+ 2.6 (+18x18)

173.2%£0.9

v?/dof = 8.3/11 (68.5%)

150 160 170 180
My, (GeV/c?)

190 200
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Higgs constraints from top quark mass

80_5 Ju|y2011I | | | |
— LEP2 and Tevatron

| - LEP1 and SLD
68% CL

-
-
--------

corrections
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Single top analysis
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Single top quark event signature
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Tevatron single top analysis

Trigger event kinematics b-quark
selection tagging

S/B = 1/10° P
il S/B =
.. .5 ¥50,000 events/fb
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kinematic variables to distinguish signal from background
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Discriminating variables
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Discriminating variables &)

— e i f o
i,, R . - I: . : i: D
o : . . - . wob

m Wce
; vy
| Zbb
of
U

) Yt [Evenwioen
A — i
g

. Start from ~ 600 variables.’ -
e Consider ~200 for rr

Reinhard Schwienhorst



Multivariate analysis
Decision Tree Boosted Decision Trees

Fail

L]
BDT Output
Background Signal

0 1
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Multivaniate filter output

20 (d) D@, 5.4 fb™
e Data
10° N 15/
(c) m single top
W W+jets 10
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Tevatron single top cross section

DO 5.4 fb-" = = 3.43+£0.73 pb

DO e+t combination (2.3 fb™) — O— 3.94 '_g"g‘; pb

DO t+jets (4.8 fb™) o 3.40 230 pb

DO e+1+t combination Neo— 3.84 " % pb

CDF combination (3.2 fb™). @ 2.30 *0 5 pb

CDF+DO0 combination - 2.76 *y 3, Pb
Theoretical SM prediction at top quark mass 170 GeV

s(pp—> tb+X, tqb+X) [pb]
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Separate smgle top production modes

-1
g | DED 5410
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s [1] PRD 74: 114012, 2006 £ (2]
- [2] EPJ C49: 791, 2007 ( Four generg}tlons
(3] PRD 63: 014018, 2001
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CKM matrix element |V
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CKM matrix element |V

| W
b
top quark
y
Vud Vus Vub
Vokm =|Vea  Ves Vg
Ve Vis (Vio)
: : > O :
- Cabbibo-Kobayashi-Maskawa £ 4:,055 DO, 5.4 fb
uark mixing matrix &
q. g | § 5 IV,|>079
* Single top cross section S  @95%C.L.
proportional to [Vip|? g 2
: @ 4
- No assumptions about e
number of generations or %02 02 06 08 1

unitarity of CKM matrix v, [
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Top quark decay width and lifetime

top quark decay p
top quark @ /Z/Z K

» Decay width 1.99 GeV = 1% of mass
» Lifetime 7. =(3.2757) x 107%°s
« Limit on 4t generation coupling |Vtb’| < 0.63




ATLAS data taking FALAS
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top quark

ATLAS single top measurements

~ATLAS

JLEXPERIMENI

1

1
0.70 fb'@7TeV

1
ATLAS Preliminary
2 jets 1tag

120
100
80

Candidate Events

: 60
« Cut-based analysis and
Neural network analysis 40
B t-channel 20
-*8 - ATLAS Preliminary =s-channel 0 Muon +  Electron + Electron - Muon -
o - 2Jets 11ag * — Lepton flavour and charge
Lcll-: 100 B W+heavy flavour
© - B W+jets
g ! Diboson
= Z+jets .
S s =MTJJItijets SM expectation: 65 pb
i « ATLAS data
i Observed cross section:
I — Q) +32
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500
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Single top SM measurements

— 1 I I I I I 1 I I I I I I I |
-8_ B CMS Preliminary, 35.9 pb™ |
—_— * w 5400 pb-’ t-channel
o 107 ® CDF t-channel 3200 pb-
- Theory prediction Wi
A ATLAS 700 pb-* .
10 s-channel =
1

10
Vs [TeV]
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Searches for new physics
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New physics production with tops

Incoming proton 1 oo '
WeR decay products
, ' new decay products
: particle(s)
LHC or +detector
couplings :

decay broducts

: _ decay products
Incoming parton 2 :

decay products
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D¥J New heavy resonance production
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¥ New heavy resonance production

do/dM x B(W'—s tb) [fb/30 GeV]
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L ATLAS

D Flavor-Changing Neutral Currents ®=
9 q

9900‘
S500
w
700}
. - 1 600}
N * D@ 23fb° :
= DO FCNC tgc %
@ — FCNC tgu 400
Ezoo = W'l"iets 200
i T 200
T100 [ multijets 100
[ b »
- 0
00" 0.2 04 06 08 1
Ranked FCNC BNN Output
tgu tgc
Cross section 0.20 pb 0.27 pb
Ktgf /A 0.013 TeV~! 0.057 TeV ™"
B(t — qq) 2.0 x 107 3.9 x 1072
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top quark spin correlations
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top quark spin correlations

top quark production | top quark decay

Pq Pv

f top quark spin
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ATLAS

3 EXPERIMEN

top quark spin correlations

top quark production | top quark decay

P B top pairs
B W + heavy
[ W+ jets

Dibosons

Pq

f top quark spin

D [ ATLASPreliminary = 156 pb’ W Z +jets
S 2 jets tag B Multijets
> i .

T Data
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©
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0 0.5 1
cos O (lep,l-jet)
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Single top anomalous coupling

A Left-vector (f =1in SM), right-vector (fR,), left-tensor (f-,), right-tensor (fR,)

L = _TW\ w(f1 P+ fi" PRIV,

—Laﬁ”qu

\/_ My

A Also combine with W helicity measurement from top decay
(PRL 102, 092002 (2009))

(fy P+ f3 Pr)tW, + h.c.

N— 4: (d) DJ 5.4 fb-1 N_ 0.5: b DO 5.4 fb-1 N— 0.5: (f) DO 5.4 fb-1
. ® Measured Peak N 0 4: (b) ® Measured Peak m‘\' 0 4Z ® Measured Peak
[ AF — 0.4r
=¥ ALK Cless C.L. = "0 fL |2 Ces%cdL. — []68% C.L.
: [l 90% C.L. 0.3 2 W 90% C.L. 0.3 B 90% C.L.
2- [ 95% C.L. i [ 95% C.L. [ 95% C.L.
I 0.2- 0.2-
; 2 f 2 I
AR <093 fL,2<0.13 - R2<0.06
0.1 0.1E
(b 1 éé4 %5151 15 2 (b 0.5 1 1.5 2
IEAES |4 12 LG
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Top quark future

Precision Measurements Modified/new couplings

W g top g, Za Y W
b é top top light quark b top
g

e couplings
e CKM matrix _
e CP violation New particles

e top spin

top
* fop mass 7! t o
— - LI
Coupling to new particles W’ N top
discovered first elsewhere W t ’é
b W

oy Q
B {Op
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Higgs boson production at the LHC

) top quark

Supersymmetry: Charged Higgs

Charged Higgs )

o5

proton proton
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New challenges

jet

Proton —p» -— Antiproton
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. jet
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New challenges
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Summary
* Many top quark results D&

. Search PRD 63, 031101 (2000)
from Tevatron Seach PLBSI7,282.200)
= . Search: PLB 622, 265 (2005)
W PLB 641, 423 (2006)
. Search: PRD 75, 092007 (2007)
e |LHC top measurements _Evidence:  PRL 98, 181802 (2007)
] ] .FCNC: PRL 99, 191802 (2007)
are jUSt startmg W PRL 100, 211802 (2007)
- Evidence: PRD 78, 012005 (2008)
- Wtb PRL 101, 221801 (2008)
. Wtb: PRL 102, 092002 (2009)
° I 1hi H* (PRL) arX1v:0807.0859
TO p IS a Se n S Itlve p ro be to - Observation: (PRL) arXiv:0903.0850

many new physics models e e o

. t-chan meas.
. FCNC PLB 693, 81 (2010)
. top width PRL 106, 22001 (2011)
T k k . . . W* PLB 699, 145 (2011)
o - . t-chan obs. PLB 705, 313 (2011)
O p q uark. ey tO O”g N . s+t meas PRD 84, 112001 (2011)
Of pa rtl CI e maSS . Wtb coupl.  (PLB) arXiv:1110:4592
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Thanks!

» Chip Brock, Jim Linnemann, Bernard
Pope, Kirsten Tollefson, C.-P. Yuan

» Barbara Alvarez, Seth Caughron, Ike Hall,
Dugan O’Nell, Pat Ryan, Huaqgiao Zhang

 Jorge Benitez, Qing-Hong Cao, Weigang
Geng, Sarah Heim, Jenny Holzbauer,
James Koll, Patrick True

* DO single top working group
» ATLAS single top working group




Single top observation party
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