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Single top production @ LHC

/Single-top in the SM )
e 3 production mechanisms
W-g (t-channel) W+t (Associated) W#* (s-channel)

fHE

- Two of them could be seen at the TeVatrpn (W*,Wg)
\_ All will be measured *precisely* at the L

/

N\

/Motivations
e Properties of the W-t-b vertex :
Determination of o(pp~>tX), N(t>Wb
Direct determination of |V, |
W, top polarizations
e Probe to new physics
Anomalous couplings, FCNC
Extra gauge-bosons W’ (GUT,
Extra Higgs boson (2HDM)
e Background for many physics analyses
Higgs physics with jets, SUSY
e b PDF’s constraints
\_ W+t channel J

}— >
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Phenomenology and latest news from the TeVatron...

[Phenomenology A
e Signal & SM backgrounds s _.” P ;‘?gf e
Only 2 accessible channels (s- & t-) § f:: m w5 e
Small o vs backgrounds (WQQ , W+jets, tt) 2 e R

= low S/B, S/VB ratios
\ J

Last results from D@

e Cross-sections ' =

959% exclusion : 4.4 pb (Wg) 5.0 pb (W*) L

100 150 260 25I0|3(|'.|0|350 400 450 500 550
e What we learn from systematics ... Ht (GeV)
i o ] o (o)
Data Normalization : 5 % (150/0) g 100 .95% cL @ Standard Model
- - . o et L PRD66, 054024 {2002)
LumanS|ty - 6.5% g C DQO% CL 25 Top-flavor (m =1 1eV)
Jet energy scale, resolution, id: 5 % T 8- |[es%cL A ZCFCNC (g, 7))
) g C | 4thfamiy (V =0.5)
Trigger turn-on : 5 % o g % Top-pion (m=250 GeV)
0 N PRD&3, 014018 (2001)
Jet fragmentation 5 % S L —
Lepton id 4 % ?
\ p
S
Run II extrapolations (DO+CDF, 8 fb1) - L

T
6 8 10
s-channel cross section (pb)

Possible discovery for combined channels
30 evidence for separate channels
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Strategy & cross-sections at the LHC

e Search for leptonic W's o1 high energy jet

(Strategy (- - >< o1 forward untaggable b-jet 3\
- Central high energy lepton (e, H) 1 high energy b-jet

\_
> high E, I e o )
eSearch for high energy jets { }b{' :: :is;gh: iit:r;:::n_ jv:t
- Specific conditions for each channel
Search for top decays r N
> Reconstruct top quark candidates aw, ~+ °Nolightjets (LO)

- High total p,, m, b ~ *2 high energy b-jets

N b 7
‘Backgrounds )
* Physic processes with same signature Channel 0N x Br (pb)
W+b+jets, tt (I+jets), single top t- 54
e Acceptance effects (loss of objets) Wt 18
Z+jets, tt (dilepton), dibosons
e Reconstruction effects (fake objects) s- 2.2
\ QCD, W+ light jets T Yt 250
‘ Cross-sections / W'E’b 70
e Uncertainties Wi+jets 3 850
pdf, 4, mg, m,, : 5-15% Wz 17

\_ Other single top contamination

Il Single top signature stuck between W+jets & tt
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Common pre-selection

/Selection of W+jets like events )
o 1 isolated & central high-p; lepton
- Reproduce trigger effects
- Discriminate against multijets events
° Highﬁr
- Reduce Z(->Il)+jets & QCD
e 2ndary Jepton veto
- Reduce Z+jets & dilepton tt
e 2 or 3 high-p, jets Topology of a candidate event
jet veto : pJet > 15 GeV/c
> Reduce tt R
e =1 high-p, b-tagged jets e 10°: T
p; Pet > 30 GeV/c r E ] ]
9 - Reduce W+jets Mht,\,lo& Light+7-jet
e =

Reconstruction of top quark ) : w
e Reconstruction of leptonic W boson RC~710 - \

Interpret | as v, :
W-mass constraint & 2 solutions for pv, 1L | |
e Use leptonic W boson + b-tagged jet 40 30 g0 op M

. &, (%)
> combinatorial background ] R
J b-tagging performance (full simulation)

o
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t-channel measurement

/Specific selection )

e 1 forward untaggable b-jet

-

JLdt =10 fb1

~N

e Topological cuts
HT =3 ijets+v+I, mtop

Energy H; (GeV)

(&

S/B ~3
S/NB ~ 100

INjeel > 2.5 m ; m

p,t > 50 GeV/c ? st S ot B
e 1 central high-p, b-tagged jet vt 8o ]

p.biet > 50 GeV/c i . e me o
e Splitted analysis vs N(jets) B s

1b1j 1b2j mo? B wows ] B 2o

Central light jet veto %4 o PU

Energy Hr (GeV)

S/B~1
S/NB ~ 60

.

J

[Performa nce
e Signal selection efficiency
gsel ~ 19% per analysis
e Main backgrounds
W+jets & tt
e Sensitivity 10 fb1
Aoc/o = 1.3%(stat) £ 8%(syst) £ 8%(th) £ 5%(lumi)

.

F. Chevallier

¥ |
)\ & 125 o e
> 0f Statistical sensitivity vsiLumingsity
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L WTET (e )
= ¥ b1 [ef+u")
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8
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| o 1b2) [e7+p7)
-
. =DE A 1b2j (&' +u")
Hom o ©  1b2j [combined)
ke = DE\:‘:'
4?%& .l.- E\:\:\:h_ e All combined
0 Wi i ?
[ B %™ Dcmmjnjﬂiﬂﬂznm
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W-t channel measurement

@pecific selection N
e 1 central high-p, b-tagged jet h m(jj) probability density
Pt > 50 GeV/c Qo 1 3 B
eSplitted analysis vs N(jets) f . E 5 - I
1b1j 1b2j s
Central light jet veto ) 1
e 1b2j analysis /
High p; jets & m(jj) ~ M,
Centrality cut So—— o ——
° 1b1j anaIySis —jet invariant mass (Gev/c?) —jet invariont moss (GeV/c?)
High p; jets
g %
‘Performance A ( oo A
. . . . 2w wrmmbensbiie
e Signal selection efficiency T B fL dt=10 b

gsel~ 5 9 per analysis L wzriss B
eMain backgrounds T &

tt & t-channel o0l
e Sensitivity 10 fb1

Aoc/o = 2%(stat) £ 9%(syst) £ 6%(th) £ 5%(lumi)

%_..s-é:\'f;-xb ey e pee
\ Centrality )

1000
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s-channel measurement

I- > tb channel
I+ > tb channel
e Possible use of topological cuts
Optimized H;, m,, cuts
- Control variables

@pecific selection N fL dt = 30 fb! )
e 2 central high-p, b-tagged jets - %
Central light jet veto o - il
e Splitted analysis vs lepton charge . :: B
Against symmetric tt S

. WZ = v bb

= 300 00 600 700
Energy Hy (GeV)

S/B ~0.14
S/NB ~7

J
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- S/B enhancement
\ J
Porformance ~ E 1 ot ety Ly 0
e Signal selection efficiency e I W
gsel ~ 1.5 % per analysis N . L esprarclsae]
e Main backgrounds ’ oo Gerores)
W+light jets, tt, other single top
e Sensitivity with full selection 30 fb!
Aoc/o = 12%(stat) £ 10%(syst) * 8%(th) £ 5%(lumi) 12 % .
\ / | L 1 s las l | "

minosity (fo™)

30 fb1



Systematics (1)

Experimental biases
/e b-tagging ~
1b-tag : Agsel/gsel = 1.7 * Agb-tag [/ gh-tag single tap W

ficienc
2b-tags : Agse!/gsel = 3.4 * Agb-tag/ghb-tag y

@ Signal wariatian
Sorag=1.77 por Gy Tu,= 1%

afficiency (%)
@

Knowledge crucial for background rejection
Major systematic contribution for s-channel
But relatively stable S/B

To reduce b-tagging uncertainties :
> Use tt data ?

5‘1 56 5B [:] 62 [:23 EIB
b-togging efficlency (%)

\
(. ISR & FSR
(. light- & b-JES

.

“- N(b-jets) is one of the main discriminant variables

Data can improve our knowledge of b-tagging performance
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Systematics (2)

Experimental biases
(" e b-tagging

\ J
"o ISR & FSR )
- A e 0 > 0.7 A |z o
ISR affects jet multiplicity : Number SEN NN N (b-jets)
9 Shifts in N(jetS) :? 06 . s—channel | gg tt—> b jjb 2\ 0.8 s—channel
I ISR+FSR ISR+FSR 5 +
FSR affects JES 5 voise | o | |8 o
a - N ) NC FSR a Y NO F3R
- out-of-cone radiations f
> Modify &se! S o4 1 0.4
Assellssel ~ 5009 10% 0.3 0.3
0.2 0.2
Gluon radiation modelling :
- 0.1 0.1
- Inclusive W data ? (s-channel)
-> Understanding NLO/LO ? S S B S
Number of jet Number of jet Number of b jet

- J

(. light- & b-JES

J

J

N(jets) is one of the main discriminant variables

Data can improve ISR & FSR uncertainties
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Systematics (3)

Experimental biases
(" e b-tagging
-

(" «ISR & FSR
\_

“elight- & b-JES
Affects jet, B;, topological distributions
Affects jet veto performance

VAUYA N,

586 single top W+t 4 top pair lepton+jet
Lt S
el ale ey
2 5.4 o
Qo 2L 38 . . B
i b—jet energy scale: e @ Light jet energy scale:
T 52 S0r0=1.2% per 6E/E=1% , kS b070==0.8% per 6E/E=1%
H ~ . . ey
u - 3.5 M b-jet energy scale! L
Single top : . p

@ Light jet energy scale. oo=+0.9% per 6E/E=1%
50:0=0.6% per 6E/E=1% :

Agsel/gsel = 0.7 AJES (%)
Agsel fgsel = 1.2 Ab-JES (%)

4.8

45
—_ 44
tt:
Agsel/gsel = -1.2 AJES (%) | 7| 7
Agsel/gse! = 1.3 Ab-JES (%)|
> 26 .
{3510 75 5 -25 0 25 5 75 10 125 12510 -75 -5 25 0 25 5 75 10 125

K Jet energy scale variation (%) Jet energy scale variation (%) /

Goal : 1-2% on Light & b-JES uncertainties

- JES calibration on (tt) data
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Systematics (4)

/Theoretical biases to background estimates )
e Generators
NLO/LO > o & distribution shapes of kinematic variables
Significant remaining uncertainties @ NLO :
my, B, PDF, b-fragmentation
2> Ac/o ~ 6-20% (single-top)
> Ac/o = 12% (tt) 30% ? (W+jets)

Needs a prior work on tt & W+jets data
- o, distribution shapes

* My,
o with m,,
Ao/o = 1-2% * Am,,,

\_ Affects g5¢! (slight effect)

o

Luminosity
Absolute o(W*) : luminosity AL/L ~ 5%
- Normalization with W->Iv production could help

use of data is mandatory :
||- - Background knowledge tt & W+jets
- Luminosity measurement
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Single top & charged Higgs bosons searches

fCharged Higgs phenomenology h I_I
e Production in 2HDM il = ;
5 higgs : 3 neutral (A,h,H) + 2 charged (H%) w0’ """"""""""""""
Mass spectrum predicted Tl A Y
H*-q-q’ couplings depends on m,,, and tan B 1% 0 == 4 e, (0N = 1.5
o(H% > tb > Ivbb) can reach 50% of G(W*) AL hes 1nn: N
e Constraints on m,,. and tan B (95% C.L.) o
0.5< tan B < 60
m,,,> 90 GeV/c? MAX. MIXING
\ / | tong = 30
0 100 125 150 175 200 225 250 275 300
(. ) ) )
Charged Higgs & single top - -
e SM single top final state rates can be modified B —— SM Expected ]
Interference with s- & W+t channel HoE E oo pEpees o
~ _ ®2 [ LEP Excluded CE
b 120 58 g8 120
s g PDG 06 8
9,100:_ == = 100
S i
80,_ _,80
T LEP (ALEPH, DELPHI, L3 and OPAL) 7
> Direct search in my, & m;; o i T
— 10" 1 tan s 10 10°
\_ @on from S@ o(Wt) )
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Single top & charged Higgs bosons searches

fCharged Higgs phenomenology
e Production in 2HDM
5 higgs : 3 neutral (A,h,H) + 2 charged (H%*)
Mass spectrum predicted
H*-q-q’ couplings depends on m,, and tan B
o(H*-> tb - Ivbb) can reach 50% of o(W*)
e Constraints on H*and tan B (95% C.L.)
0.5 < tan B < 60
m,,,> 90 GeV/c?

.

J

? i i
Charged Higgs & single top
e SM single top final state rates can be modified
Interference with s- & W+t channel

~
S HE A
C_V/M
/ \
- Direct search in m,, & m;;

9 @on from s@ o(Wt)

\

J
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m,. (GeV/c?)

U(Hi —> tb —> Ivbb}{I=e,it) in pb
qc% 50 R
45_7 TODRGX 4.1 t 12
40F -
1
35 ]
s0f JB8cs
25 —
F ] 0.6
M o(H:> tb > Ivbb) E
1 0.4
15 —
100 1oz
Sr 7
isg oo U hs0 U500 580 00
Charged Higgs Mass (GeV)
160 160
B —— SM Expected i
= SM+ 10 Expected &
1408 = CDF RG I)I(FI)Ee Ied d 8140
S [ ] un Il Exclude >0
L E,% ] LEP Excluded E.-% ]
120} *Eg *Eg -~ 120
- PDG 06 T
L |'EE |'EE ,
100 -~ 100
80 - 80
B LEP (ALEPH, DELPHI, L3 and OPAL) ]
60 — Assuming H'—w or H*= ¢35 only —60
L o bl Al i
-1 2
10 1 tan B 10 10
14
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s-channel with 30 fb-1 : Why ?

/Strategy )
e Indirect search
Observe deviation from SM o(s-channel)
Limited by the knowledge of backgrounds
> Single top, tt, W+jets
e Same analysis developped for the s-channel
9 No specific analysis performed for a H* search y
/Performance in (my,,tanp) plane )
eSelection efficiency
Increases with m,, up to 250 GeV/c?
e 5 o0 sensitivity = -
c ‘ NgiH™ —>tb —> lvbb){l=e,u)
Possible with 30 fb-1|3s2c0- =nerey Hr (=50 f7) 7 E
K5 [ tb final stote ] 5
ZmOQ t—channel
B «— rrimjet *
800 B oo o
my.= 220, tanf=5( 3
SHNB ~1.3 =3
Y= Vi =
400 BE WZ—>Ivbb 20 2
Signal significance
- 7gtopolo‘j}w'col selection !
200 10 — statistics+systematics &
— luminosity L=30 fb™'
. d 5- |
T 600 700 220 240 260 280 300 320 340 360 380 400 O
\ Energy H; {GeV) Charged Higgs Mass (GeV) /
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s-channel with 30 fb-1 : Why ?

/Strategy )
e Indirect search

Observe deviation from SM o(s-channel)

Limited by the knowledge of backgrounds

> Single top, tt, W+jets
e Same analysis developped for the s-channel

No specific analysis performed for a H* search

/Performance in (my,,tanp) plane )
eSelection efficiency
Increases with m,, up to 250 GeV/c?
e 5 o0 sensitivity = -
) A § e A - NgiH™ —>tb —> lvbb){l=e,u)
Possible with 30 fb-1[3c froo (-5 ] 2 sof B
123 / s—channel 4
1000 —— /
§ tt—> Tr+Tjet / = U i
800 B t> o / 35
m,.,= 250, tanB=5( oo . I 3
SHNB ~ 5.7 5 |
100 20 i
Signal significance
. — topological selection I
200 10 — statistics+systematics !
— luminosity L=30 fb™'
i Bl °F ]
© 600 700 520 240 260 280 300 320 340 360 380 400 O
\ Energy H; (GeV) Charged Higgs Mass (GeV) /
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s-channel with 30 fb-1 : Why ?

/Strategy
e Indirect search
Observe deviation from SM o(s-channel)
Limited by the knowledge of backgrounds
> Single top, tt, W+jets
e Same analysis developped for the s-channel
No specific analysis performed for a H* search

N

/Performance in (my,,tanp) plane
eSelection efficiency
Increases with m,, up to 250 GeV/c?

AN

e 5 o0 sensitivity
Possible with 30 fb-1

T s tb—> wbb)(I=e.p)

1200- Energy H; (L=30fb™") =
[ tb final state |

Nb of event

Fotet
2 s=channel

— w
=channel
y B s rrirjet

B i o
|
B waa(a=s,

800

my.= 300, tanf=50

S/NB ~ 3.9 90

400

Signal significance

— topological selection
200 10 — statistics+systematics

— luminosity L=30 fb™'

220 240 260 280 300 320 340 360 380 400
Energy H; (GeV) Charged Higgs Mass (GeV)

—0

/

o
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Conclusion

@ingle-top precision measurements are possible @ LHC )
e t-channel
Higher signal cross-section
- Measurement possible with early data (1 fb1)
tt is the major background
Expect statistical precision of ~ 1-29% (10 fb-1)
eW+t channel
tt is the major background
Expect statistical precision of ~ few % (10 fb-1)
e s-channel
tt , WQQ, W+jets, t-channel as major backgrounds
\_ Statistical precision ~ few % with 30 fb-! )
/AII measurements are systematics limited )
e Background knowledge is important
need NLO generators
Data can provide better background control
e Experimental systematics
Jet Energy Scale (H,, reconstructed mass, ...)
ISR/FSR uncertainty (#jets, jet energy)
b-tagging performance knowledge
\_ = = Use of data is mandatory )
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