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Physics motivation
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A− The LHC will be a top factory

PSfrag replacements
mt̄

AFB

A+

A− σ(pp → tt̄) ∼ 800 pb
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A− σ(single top production) ∼ 300 pb
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(+ Wt + s-channel)
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A− t → bW is the dominant decay mode
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A− BR(t → sW ) < 0.18%
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A− BR(t → dW ) < 0.02%
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A− ΓSM
t = 1.42 GeV (including mb, mW , αs, EW corrections)
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A− τt < 10−23 s ⇒ top decays before hadronization
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A− Top can be a window to physics beyond the SM

3



The ATLAS and CMS experiments
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PqLHC: pp collisions at√
s = 14 TeV
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New physics in t → bW decay
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L = − g√

2
b̄ γµ (VLPL + VRPR) t W−

µ

− g√
2
b̄

iσµνqν

MW
(gLPL + gRPR) t W−

µ + h.c.
PRD45 (1992) 124:

|fR
1
| ≡ |VR|

|fL
2
| ≡ |gL|

|fR
2
| ≡ |gR|

Event selection:
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A
− ≥ 4 jets with pT > 20 GeV/c and |η| < 2.5
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A
− 2 b-tagged jet
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A
− ≥ 1 lepton with pT > 25 GeV/c and |η| < 2.5
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A
− pmissing

T
> 20 GeV/c
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A
− |M(jj) − MW | < 100 GeV/c2
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A
− |M(jjb) − Mt| < 200 GeV/c2
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t

t
b

b

W

W

ν

e(µ)

qq

Signal efficiency: 8.7%
SM background: ∼ 40k events

(∼ 30k from tt̄ → bqqbτντ and ∼ 10k from single top)
L=10 fb−1
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New physics in t → bW decayPSfrag replacements
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A− Angular asymmetries in t → bW decay
cos(θb`) in W cms
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t b
θb`

x = cos(θb`)

AFB ≡ N(x>0)−N(x<0)
N(x>0)+N(x<0)

ν

`±
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t
b

θb`
x = cos(θb`)

AFB ≡ N(x>0)−N(x<0)
N(x>0)+N(x<0)

ν
`±

L=10 fb−1
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A−

t

b

θb`

x = cos(θb`)

AFB ≡ N(x>0)−N(x<0)
N(x>0)+N(x<0)

ν

`± AFB = 0.2234 ± 0.0035(stat) ±0.0130(sys) [σ/AFB = 6.0%]
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t

b

θb`

x = cos(θb`)

AFB ≡ N(x>0)−N(x<0)
N(x>0)+N(x<0)

ν

`± A+ = −0.5472 ± 0.0032(stat) ±0.0099(sys) [σ/A+ = 1.9%]
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t

b

θb`

x = cos(θb`)

AFB ≡ N(x>0)−N(x<0)
N(x>0)+N(x<0)

ν

`± A− = 0.8387 ± 0.0018(stat) ±0.0028(sys) [σ/A− = 0.4%]
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New physics in t → bW decay
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A− W polarization:

AFB = a0(FL − FR)

= 0.2226 (LO)

A+ = a1FL − a2F0

= −0.5482 (LO)

A− = −a1FR + a2F0

= 0.8397 (LO)

(FL, FR, F0 defined as
in SN-ATLAS-2005-052)

Fi

VL=1 and gR=gL=VR=0

cos θlb

FR=ΓR/Γtot

ßß

FL=ΓL/Γtot

ß

ß
F0=Γ0/Γtot

ß
ß
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New physics in t → bW decay
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A− Anomalous Couplings

A FB

Coupling

1σ bands
AFB(ATLFAST)
VR
gL
gR mb=0GeV
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−

A FB

Coupling

1σ bands
AFB(ATLFAST)
VR
gL
gR mb=4.8GeV
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A
−

mb = 0 GeV/c2 mb = 4.8 GeV/c2

[PRD67 (2003) 014009]
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A− Differences up to 17% in gL and up to 9% in VR L=10 fb−1
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New physics in t → bW decay
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L=10 fb−1

limits on the anomalous couplings:
mb taken into account

1σ limits 2σ limits
VR ∈ [−0.10, 0.15] VR ∈ [−0.14, 0.19]

gL ∈ [−0.08, 0.05] gL ∈ [−0.10, 0.07]

gR ∈ [−0.02, 0.02] gR ∈ [−0.04, 0.04]

Compatible with results from W polarization
analysis (semileptonic and dileptonic channels):

SN-ATLAS-2005-052
(2σ limits considering mb = 0 GeV/c2)

A
FB

Coupling

2σ bands
AFB(ATLFAST)
VRgLgR

mb=4.8GeV

A
+

Coupling

2σ bandsA+(ATLFAST)VRgLgR
mb=4.8GeV

A
-

Coupling

2σ bandsA-(ATLFAST)VRgLgR
mb=4.8GeV
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Top quark FCNC decays
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A− GIM suppressed in the SM
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A− higher BR in some SM extensions
(2-Higgs doublet, SUSY, exotic fermions, . . . )

BR in SM 2HDM MSSM R/ SUSY QS

t → qZ ∼ 10−14 ∼ 10−7 ∼ 10−6 ∼ 10−5 ∼ 10−4

t → qγ ∼ 10−14 ∼ 10−6 ∼ 10−6 ∼ 10−6 ∼ 10−9

t → qg ∼ 10−12 ∼ 10−4 ∼ 10−5 ∼ 10−4 ∼ 10−7
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A− 3 top decay channels studied:
t → qZ t → qγ t → qg
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q
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Top quark FCNC decays
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t → qZ

l
lZ

q

t

W

b

t
νq ,

q , l
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Analysis strategy:

¬ Sequential analysis [ATL-PHYS-2001-007]
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A+

A− Z → ll, W → lν (2jets+3l+missing)
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A+

A− Z → ll, W → qq (4jets+2l) → not described (see ATL note)

­ Probabilistic analysis [ATL-PHYS-PUB-2005-009]
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A+

A− Z → ll, W → lν (2jets+3l+missing)
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Top quark FCNC decays
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t → qZ
Sequential analysis: Z → ll, W → lν
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A− ≥ 2 jets with pT > 50 GeV/c and |η| < 2.5
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A+

A− only 1 b-tagged jet
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A− ≥ 3 leptons:
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A+

A− pT > 20 GeV/c and |η| < 2.5
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A+

A− 2 leptons with same flavour and
opposite charges (`+`− = e+e−, µ+µ−)
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A+

A− |M(`+`−) − MZ | < 6 GeV/c2
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A+

A− pmissing
T > 30 GeV/c

|M(`+`−j) − Mt| < 24 GeV/c2:
0.6 back. events (mainly tt̄)

ε × BR = 0.08%
L=10 fb−1

l
lZ

q

t

ν
l W

b

t

PSfrag replacements
mt̄

AFB

A+

A−

m`+`− m`+`−j
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Top quark FCNC decays
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A−Probabilistic Analysis:
X = Z, γ, g

q

t

ν
l W

b

t

X
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Pi = ni

ntotal
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Pi = ni

ntotal Preselection
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Pi = ni

ntotal General criteria:
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Pi = ni

ntotal ≥ 1 lepton (pT > 25 GeV/c and |η| < 2.5)
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Pi = ni

ntotal ≥ 2 jets (pT > 20 GeV/c and |η| < 2.5)

PSfrag replacements
mt̄

AFB

A+
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Pi = ni

ntotal only 1 b-tagged jet
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Pi = ni

ntotal pmiss.
T > 20 GeV/c
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A+
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Pi = ni

ntotal Events classified into different channels (qZ, qγ or qg)
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Pi = ni

ntotal Specific criteria for each channel
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Pi = ni

ntotal Probabilistic type of analysis after the preselection
LS = ΠN

i=1P
signal
i

LB = ΠN
i=1P

back.
i
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Pi = ni

ntotal

ni

Pi = ni

ntotal
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Top quark FCNC decays
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t → qZ l

lZ

q

t

ν
l W
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specific criteria:
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A− ≥ 3 leptons:
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A− pl2,l3
T > 10 GeV/c and |η| < 2.5)
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A+

A− 2 leptons with same flavour and
opposite charges (`+`− = e+e−, µ+µ−)
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A+

A− pj1
T > 30 GeV/c

453.8 back. events (mainly tt̄)
ε × BR = 0.23%

L=10 fb−1

0

5

10

15

20

25

30

60 80 100 120 140 160 180 200

# 
ev

en
ts

SM background Signal

PSfrag replacements
mt̄

AFB

A+

A−

ml+l− (GeV/c2)

mjl+l− (GeV/c2)
mblν (GeV/c2)

0

5

10

15

20

25

30

35

0 50 100 150 200 250 300 350 400

# 
ev

en
ts

SM background Signal

PSfrag replacements
mt̄

AFB

A+

A−
ml+l− (GeV/c2)

mjl+l− (GeV/c2)mblν (GeV/c2)

0

10

20

30

40

50

60

0 50 100 150 200 250 300 350 400

# 
ev

en
ts

SM background Signal

PSfrag replacements
mt̄

AFB

A+

A−
ml+l− (GeV/c2)
mjl+l− (GeV/c2)

mblν (GeV/c2)
14



Top quark FCNC decays
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t → qγ q

ν
l W
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γ
t
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specific criteria:
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A− 1 photon
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A+

A− pT > 75 GeV/c, |η| < 2.5
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A− 20 GeV/c2 < mγj < 270 GeV/c2
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A+

A− < 3 leptons

290.7 back. events (mainly tt̄)
ε × BR = 1.88% L=10 fb−1
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Top quark FCNC decays
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t → qg

q

t

ν
l W
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t

g
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specific criteria:
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A− only one lepton
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A− no γ with pT > 5 GeV/c
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A+

A− Evisible > 300 GeV
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A+

A− 3 jets (pj1
T

> 40 GeV/c, pj2,3
T

> 20 GeV/c and |η| < 2.5)
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A− pg
T > 75 GeV/c
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A− 125 < mqg < 200 GeV/c2

8166.1 back. events (∼ 60% tt̄)
ε × BR = 0.39%

L=10 fb−1
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gluon is the non-b jet
with highest pT
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Top quark FCNC decays
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A− discriminant variable: LR = ln(LS/LB)
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Top quark FCNC decays
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A−
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A− BR 5σ sensitivity
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A− BR = 5
√

B
2×L×σ(tt̄SM )×εt×ε`

[σ(tt̄SM ) = 833 pb (NLO) ε` = 0.9nleptons ]
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A− Sequential analysis [|M(`+`−j) − Mt| < 24 GeV/c2 cut]:

t → qZ (Z → ll, W → lν) t → qZ (Z → ll, W → qq′)
L = 100 fb−1 1.1 × 10−4 5.0 × 10−4
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A+

A− Discriminant analysis:
cut applied to the discriminant variable (best S/

√
B)

t → qZ t → qγ t → qg

L = 10 fb−1 5.1 × 10−4 1.2 × 10−4 4.6 × 10−3

L = 100 fb−1 1.6 × 10−4 3.8 × 10−5 1.4 × 10−3
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Top quark FCNC decays
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A+

A− expected 95% CL limits on BR (absence of signal)
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A+

A− Sequential analysis [|M(`+`−j) − Mt| < 24 GeV/c2 cut]:
t → qZ (Z → ll, W → lν) t → qZ (Z → ll, W → qq′)

L = 100 fb−1 6.3 × 10−5 2.8 × 10−4
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A− Discriminant analysis:
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A− Modified frequentist likelihood method [A.L. Read, CERN report 2000-005 (2000) 81]
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A− No cuts on the discriminant variable used
t → qZ t → qγ t → qg

L = 10 fb−1 3.4 × 10−4 6.6 × 10−5 1.4 × 10−3

L = 100 fb−1 6.5 × 10−5 1.8 × 10−5 4.3 × 10−4
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A+

A− Dominant systematics: Mt and εbtag < 20%

19



Top quark FCNC decays
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A− l
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A− Preliminary study at generator level
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A+

A− Estimated BR(t → qZ) sensitivity for a 3σ discovery: S/
√

S + B = 3

L = 100 fb−1

expected tt̄ SM events [130,250]
expected signal efficiency [5%,6% ]
BR(t → qZ) sensitivity [14 × 10−4,22 × 10−4]
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A− CMS Physics TDR in April
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A− results on the CMS sensitivity to t → qZ and t → qγ FCNC decays
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Top quark FCNC decays

LHC combination
(ATLAS/CMS) will
improve the limits
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(thanks to Lorenzo Bellagamba)

BR(t → qg) (95% CL):
TEVATRON (L = 2 fb−1): level of few %

ATLAS (L = 10 fb−1): < 0.14%
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tt̄ resonances
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A+

A− τt < 10−23 s ⇒ no tt̄ bound states within the SM
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A− X → tt̄ in several SM extensions (SUSY, Technicolor, . . . )
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A+

A
− MSSM predicts BR(H0, A → tt̄) ∼ 1 for mH0,A > 2mt and tan β ∼ 1
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A− X → tt̄ → WbWb̄ → `νbjjb topology was studied
(X is a ‘generic’, narrow resonance)

(ΓX = 2× ATLAS resolution)
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A−
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A−
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A+

A−

mX = 800 GeV

σ(pp → X) × BR(X → tt̄) [fb]
5σ discovery potencial
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Conclusions
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A+

A− ATLAS sensitivity to new physics in the t → bW decay:
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A− mb should be taken into account
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A+

A− gR ∈ [−0.02, 0.02] ⇒ factor 2-3 better than the present limits
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A+

A− further improvements expected from the combination of the semileptonic and
the fully leptonic channels

PSfrag replacements
mt̄

AFB

A+

A− LHC sensitivity to top quark FCNC decays (L = 100 fb−1, 5σ significance):
BR(t → qZ) ∼ 10−4

BR(t → qγ) ∼ 10−5

BR(t → qg) ∼ 10−3
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A+

A− improvement combining ATLAS and CMS results
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A+

A− sensitivities at the level of SUSY and Quark Singlets models predictions
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A− ATLAS sensitivity to tt̄ resonances:
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A+

A− 5σ discovery (mX = 1 TeV/c2, L = 30 fb−1): σ × BR ∼ 103 fb
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