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» “Rediscovery of the top quark” at LHC

Production cross- b

e Cross-section measurement section
* top pair production

* single top production

» Top Quark Properties
« Charge discrimination - e Decay modes,
* Spin correlations /‘a'et ------ - coupling

- W, t helicities
* New physics in the top sector: Light jet q . \‘\\"A
» Measurement of V, test of CKM , scale . \/ l b jet |
evidence of 4" generation. q Jet b-tagging

« Anomalous Witb coupling
« FCNC search :t » gX (X=v,Z,9)
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Both are general purpose detectors, with similar inside- *
out design (Si detector, EM+HAD calorimeters, Muon
chambers), but with different points of strength.

Top pair production is one of the dominant processes after other QCD processes and
W/Z+jets
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top quark production measurermert
_Ref: hep-ex 0804.1476

LHC: Gluonic production dominates

g t 9 D000 y—>—1
g (87%atLHC) |,
g f g OO0 +——oI
q [
( 90% at FermiLab) ‘
q t
LHC Single top production

o(t, 14 TeV) 0320 pb
dominated by t-channel

Tevatron: 5¢ discovery this year:
DO (arXiv:0903.0850)
CDF (arXiv:0903.0885)
o(t, 1.96 TeV) =3.9+£ 0.9 pb
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o(tt 1.96 TeV)arrroxNNLO= 7 5 + 0.5 pb Tevatron
o(tt 14TeV)arrroxNNLO — 883 + 45 pb
o(tt 10TeV)aproxNNLO = 401 £ 25 pb

= 1 tt/sec @ L=10*
Cross section LHC = 100 x Tevatron

Background LHC = 10 x Tevatron
Use of b-tagging not essential to establish
ttbar signal at LHC

~250 pb ~10 pb
q q q q q t
b t g b 7 SN
t-channel s-channel

g t
tW-channel ~60 pb
,?j b 2
b W
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top quark production measurernient

ttbar final states for the cross section
measurement

tt final states (I=e.un)

« Full hadronic 45%: 6 jets
« Semileptonic 30%: € + MET + 4jets

» Dileptonic 11%: 20 +MET + 2jets

V W 1 W2 q
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tt final states not considered in the Top
rediscovery at LHC in analyses up to
O(100) pb

“alljets™ 44%

t+jets 15%

u+jets 15%

etjets 15%

“dileptons™ "lepton+jets™
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Top Rediscoveri

» ttbar production measurement . 10TeV, 20 pb orjsts: S/B= 1.6
e Ao/c = 23°/o(stat)120°/o(syst)i10%(lumi)
o 10 TeV, 10pb-1 DI-|ept0nS (eIJ.) S/B= 9 CMS Preliminary
- combined uncertainty on xsec ee+eu+up: 601 e
1 5°/°(stat)i1 O%(Syst)ﬂ 0% dumi) Ewm

W z+ets

Candidate Events
=9
=)
[

CMS Preliminary 10 pb"! acd | i
F 1 I T I V+jets | .QCD
(/)] 25:— DY — e, up I
GC, eu o o %, 22 20
= 20 [ Single top L
Lﬁ -rz—> not 1 -
Eas ee, eu’ uu 0
2 isolated leptons of 0 5 100 150 200 250
. . MET IGeVI
opposite charge, 2 jets, CMS Preliminary @ 20 pb~'
- MET> 30 GeV - * Pseudo data
C Neo - B tthar
0 2 L [CISingleTop
0 1 2 3 24 = CIW+Jets
jets [ Bl Z+Jets
L = B VV+lets
40 EQcD

e 10 TeV, 20pb ' muon+jets: S: 320 events.

S/B = 1.8 Template fit of M, or n(1) 1 muon,

Aolo =12%,, +19%, 210% ., 4 jets, _
sta syst) (lumi) .
no b-tagging | o

0
Ref: CMS-PAS-TOP-09-004, CMS-PAS-TOP-09-003, CMS-PAS-TOP-09-002
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Top Rediscoveri

A 3
CMS /!
%
4 3

* ttbar production measurement at 10 and 14 TeV_ TeV, 100 pb*' e,u+1: S/B= 0.4

. e Stat Uncertainty on xsec: 11%
e 10 TeV, 20pb' muon+jets: S: 390 events. o 80 y _ °
, ) = E CMS preliminary 7 | signal it
S/B =2.0 BDT analysis, data driven $ 70 CMS-PAS-TOP- 03 004 |Dotherst
estimation of the QCD. 5 b =
o =
Ac/0 = 9%,y £22% ,, ¥10% ) 3
40:—
L+jets: 30F-
TMVA BDT analysis 20F-
1 isolated muon from the 10
IP’ 4 jetS. 'U'u: 200 400 800 1000 1200
scalar sum of p. of jets, Ieptons and MET H(G¥
CMS Preliminary CMS-PAS-TOP-09-010
£ Sl B ® |CMS
: m L %‘ prehmlnary‘\, +
% 1o .l H;-?ir . :'f;;;_é E 40_
o v e B T
0.4 20
0.3
0.2
0.1 1
O len | vt arameter St Y 0 05 Lo
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Top pair production measurernient
Semileptonic (14 TeV 100 pb)

. . . 2s0F . . -

» Likelihood fit (and Counting Method) § - @ ?ﬂlk\e/p:omc (muon) |3
. S 200k eV 100pb-1 -

* Gaussian+Chebychev bkg ek G - -

= [ aussian E

« extract X-sec by scaling with efficiency 2 190 ]

> ~ _

[0)] ~ o

* less sensitive to BKG normalisation, #jets, 5 1% . ATLAS

@© N N ]

JES, more to shape E 04 ‘Chebychev’ -
Likelihood method: Ac/c = (7(stat) =+ 15(syst) = 3(pdf) £ 5(lumi))% = | | | . s .

1 M R
Counting method: Ao /o = (3(stat) + 16(syst) +3(pdf) +5(lumi))% o " - o b MBEE{():-}EV]
i

Dileptons (14 TeV 100 pb) g wew  Semieptonic © 3
] . ] g :j;: [ ] Background (nominal) __
» Likelihood, Template and Counting Methods B Mlsoomos oo ' Fit statistical
- 2(bjets) + 2 leptons (e,u) + MET i E 2'3';"""3""9
“ooE ATLAS 3
« Likelihood/Template of Njets vs MET N5 E
distribution VRN (B (VR 1 M VI [ 1 R
Integrated luminosity [pb’ﬁ
Dileptons Dileptons
-1 o N B B BN B & oas T T T T T
ATLAS uncert. @ 100pb gm ATLASCn | §° ATLAS
Method stat(%) syst(%) | lumi(%) § 250 B B ;;’, 200 | ]
count 36 36 3 B 1 v  Temolate fh 1
template 3.8 4.2 2 Ot . o gnﬁi cance ]
ikelihood 5.2 6.7 oW 1 ' syst included
] 5 1 b
Ref: hep-ex 0901.0512 0 0 20 20 60 80 100 120 140 160 180 200

N f . Integrated luminosity (pb™)
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events

Sinygle Top production rmedsurenent

Entries

t-channel
ATLAS: cut-based analysis (baseline), and multivariate (BDT)

O(1k) events per fb', similar size tt background I large
systematics (jet E scale, b-tagging ).

1fb' : Ao/o = 5.7% (stat) + 22% (syst)
1fb' :AV, /V, =1 11% (stat+syst) * 4% (theorv))

producing forward jet

CMS-PAS-TOP-09-005 % e f
CMS Preliminary L = 200 |:p|:r1
i .tq:han.

30} i t- channel .
- CMS Prelimina y
: |:|s-chan. 0.1 —
L e i
201 Hvv - B q_|-'_I_I-"L
[ viight Ve T1L
i [Hvee 0.05}+ : — -rll:l =
10 Dwe I:FI' = F i
[l cco
| » pssudo data _rl-r
M s 05 o] B TSNV
CMS: 10 TeV 200 pb i cose’

likelihood fit of the cos6”, distribution in the top rest frame
200 pb' : Ao/o = 35% (stat) £ 14% (syst) £ 10% (lumi)
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ATL-PHYS-PUB-2009-001

S FTTE TS et tW channel (associated W production)
a1op —signal | ] Signature similar to tt, but with one less b-jet
-E 800 @E‘I’&F;i: 3 ATLAS: cut-based analysis and boosted decision tree
8 cool Bz:ets | 1 Expected results for 1 fb':
3 mf_ 7 1 lepton+jets channel: 48% uncertainty (BDT analysis)
3 { UPDATED:

T B 1 edi-leptons channel:  34% uncertainty (BDT analysis)

970 08 06 04 02 0002 04 06 08 10 *at 10 fb', 1 lepton+jets chan cut method: 20% uncertainty

BDT Output
tt discriminant e-u channel

- ATLASH

a) Likelihood W* vs t— |+jets

Number of events in L=1f5’

s-channel: very low cross section. f0g- & Virehamel €7 combined
Could be mediated by new physics (H*) B M tohannel ]

ATLAS: Likelihood analysis -Bichnw

50% uncertainty at 10 b

30 evidence at 30 fb

. tt— i /mt ItHets
[ Wbb— I+jets (I=ey)

Wijj— I+jets (l=en

Number of events

01 02 03 04 05 06 07 08 09 1
likelihood
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Top Branching Ratio

Measure the ratio (R) of the top branching ratio in top quark decay

B(t — Wb)
R = -
Bt — Wgq)
SM predicts: o
Vi

R =

|-‘/f,b‘2 + ‘Wd‘z -+ “/7.-'9‘2

[g=Db,s,d] R —

2~ 1 SM: R = 0.9980to 0.9982 @ 95% CL

P, = R* P (bb) +2R(1 — R) Pi(bq) + (1 — R)* Pi(qq)

P.: Prob. of k b-tagging;  P,(bb), P,(bq), P,(qq): contribution
of tt events with 2,1,0 b-quarks.

CMS PAS- TOP 09-001

0
o
)

e
—
®

background level G
5 2 5

[ L
CMS 5|mulat|on

The physics observable is the relative number of tt
t.4 events with 0, 1, 2 b-tagged-jets.

i 1 Aresult of (1-R)~O(10") will represent an evidence of
1 fourth quark generation.

Luca Fiorini

The Top branching ratio measurement allows a direct
access to the V,, CKM matrix element

bar

| CMS Results expected for 250 pb at 10 TeV:

AR/R =2%,__.+10%

(stat)™ (syst)

3 Main systematics are b-tagging eff. and background model

uncertainties. Sensitivity similar to current Tevatron one.
EPS 2009 11
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Jop Spin Correlation

The top anti-top are produced unpolarized, but their spins are correlated
rt)=1.4 GeV » AZQCD/mtOID The top quark decays before hadronizing: the decay

products keep information of the angular correlations

SM prediction of the ttbar correlations can be tested by measuring the angular
distribution of the decay products (it has never been observed).

in t (tbar) rest frame in tt rest frame
1 dr 1 , _ 1 d’N 1
. _1+aicost; — =—(1- Ax;Kx,cosf,cosb,)
T dcosf; 5 Yoo N dcos dcosf, 4
4 Py 240F T T T T T T T T T T T T T T T T T | T
v 220F L -220pb" ATLAS —
I 200F i =
. ¥ 180 -|_ =
——————————— e > /' 160F =
1405— —:
Top Rest Frame U Eg; 1 T E
) 80F- + + E
Results for 220 pb': SM prediction 60F ++ o, E
40F + + E
A =0.67+0.17  ,*0.18 ,+0.25,.  0.422 20F- +‘f‘+ +++_|_ E
A, =-0.40%0.1 1oy T0-09 ¢ ey -0.290 B e T RS- T S

O

.51

91=9|; 92=9q; K1=1 ;K2=0.51 -9*cos6,*cos,/
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Top quark Charge discrimination

- Goal is to discriminate between SM q,,,=2/3 and exotic models with g, =-4/3

Determinate sign of the lepton charge, determine the b-quark — lepton matching,
determinate sign of b quark in the B-jet

- Technique:
« Charge weighting

Y qilji- pil®
Crjer = zq&j ;'l, k=0.51 optimizes the discrimination

« Semileptonic B decays approach

g 7 T T T Entries 5530
< 160 ATLAS preliminary " -i Mean 0.0949 + 0.0045
P L=11f" —
% 140 : 1 Entries 5545
120 Mean -0.0304i%045

100
80
60

Separation at 50 with ~100 pb' (ATLAS)
Systematics: ISR/FSR, MC model, b-jet scale =t

b jet charge
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Wtb Anomalous Coupling

In general, the t>bW vertex can be written as:

_ - icHY
£ = %byﬂ (VLPLI WH— 5_ Mﬁq"’ (ngt Wu_ + h.c.
W helicity fractions F, , F, , and N /‘ _
: anomalous coupling terms

depend on these couplings
(PR/L =11y )/2)

ATLAS: measure p_ =F /F,, p,=F /F, and angular (forward/backward) asymmetries

Results can be delivered for 1 fb SM prediction: pL 0.423 pR— 5.110*
mu: 0-3_ LI T T T LI B LN FO R N IR SN NN R S N E S N mﬂ: 0-3_ T T T T T T T T | L LA L B
£ . ATLAS - - ATLAS ]
0.2 Preliminary — 0.2 Preliminary —
0.1f- Va=0 1 i f_ g,=0
of ] of £
0.1 =4 0.1 —E
asf . sk -
- 68% CL ai!owed reglons . - 68/ CL allowed reglons B
R S B 'n.a C S T GRS T GRS RS R "’o.s

Dominating systematlcs ISR/FSR, pile-up
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FCN(C Searches

<

FCNC' decays t (Z,¥,9)9 is suppressed in SM (101°)

NP could manifest itself with BR 103-10°
Signature in top-pair production:
* 1 top decays t Wb with leptonic W
» Look for high E; gluon jet or photon or lepton pairs
Main systematics: ISR/FSR, MC generator, pile-up, 10
bkg. uncertainties.

ATLAS: Some contributions can be removed using
likelinood selection with event shape and top

; ATLAS Expected 95% CL limits:

95% C.L.
EXCLUDED
REGIONS

BR(1—qZ)

mass reconstruction. E ol E
Channel  Exp BR 5¢ sens. %O_Dm E
= Zq CMS @10 fb’ 14, 9 10 (CUt 0.0008 [ =
ATLAS @ 1 fb" somsl E

= vq

t= g9

CMS
ATLAS

@10 fb™
@ 1fb’

ATLAS @ 1 fb”

)
02 (klhd)
8. 4-10 “ (cut)

)

02 (Kkihd
10 (Iklhd)
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Summary and Discussion

» Top Physics will not be among the first physical results of LHC, but results
will be possible with the first 10-100 pb-' data. Expected already during the
first year of LHC collisions.

» Top pairs cross section measurement will be one of the first deliverables,
requiring O(10-100 pb) for first results. Statistics is not an issue, error is
dominated by systematics (like JES, background and luminosity that will be
reduced in the following years). 10 TeV scenario implies a factor 2 reduction of
the signal and roughly the same amount of background events w.r.t. 14 TeV.

e Single top cross section measurement in the t-channel and Wt channel can
be delivered with O(1 fb'). Multivariate (BDT) analyses show higher sensitivity
reach in these final states. 30 fb' of data will be needed to yield a 3¢ evidence
of the s-channel.

« 1 fb of integrated data is also the benchmark for several Top quark properties
analyses: charge discrimination, heavy flavour content, top quark spin
correlation, Wib anomalous coupling and FCNC.

* Top Physics measurements are a necessary step to show the sensitivity
of ATLAS and CMS detectors to new physics.
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