Heavy Flavour Cross Sections Measurements
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Heavy Flavour Cross Sections at LO

The leading-order process for the production of heavy quark Q of
mass m in hadron collisions:

(a)  q(p1) +(p2) — Q(p3) + Qlps)
() g(p1) +g(p2) — Q(p3) + Q(p4)

Where the four momenta of the partons are given in brackets.
The Feynman diagrams are: q 0
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Heavy Flavour Cross Sections at LO

The invariant matrix elements squared averaged over initial and final
color and spin

Process S [M|2 /gt
17-QQ 3(rf+73 45
010-QQ | (5 2) (P73 +p 122
Where it has been introduced the notation:
2p1.p3 2p2.p3 im?
T = o Ty = o p:_ﬁ’ SZ(}JH-IJQ)Z

The short-distance cross section is obtained from the invariant
matrix element:

| & dp 54 = .
doij = — 2m)70°, —p3—pg)) [Miil*
Y )4 (2?1,)3215‘3 (Qﬂ)ggEl( ) (pl +p2 3 Pl)z 1]
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Heavy Flavour Cross Sections at LO

In terms of rapidity y=<m((E+p.)/(E - p.)) and of transverse momentum
P_ the relativistically invariant space volume element of the final

state heavy quark is : "
?p =dy &°pr

The invariant cross section may be written at LO:

do B 1
dysdysd®pr 167242

> i fiwr, i) mafj(ma.p?)y (M)
1]
x_ and x, are fixed if transverse momenta and rapidity of the outgoing

heavy quarks are known. In the CM of the incoming hadrons we can write
1

P1 — E ‘\,-""E{irl y 0, 0, I )
| -
p2 = E '..,-"'S{;FQ, 0,0, —513'2)
ps = (m7coshys,pr.0, mTsinhys)

Sept. 20, 2013 ps = (mpcoshyy, —pr,0, mpsinhyy)



Heavy Flavour Cross Sections at LO
Applying the energy and momentum conservation

. . MT  ya | a4 transverse
"= NG (% + %) m;=\m"+p;  mass of the

e heavy quarks
o = m—\/f{\ﬁ_yz —E_y") A

19 : - H H

_? Ay=y -y, rapidity

s = 2mi(l+ coshAy). difference between heavy
With this notation the matrix elements quark

— 9 4q* 1 o m? ~
ZLM@ = ( - cush(f_\y)) (coah(,«_\y} + — ) , costant

b L

2 l

_ 4 _ ;
| 0_ 9 8 cosh(Ay) — 1 A ,mem N
N e (5] ) ( cosh(ag) + 2 er;) exp(-Ay)

Low contribution at high Ay and dominant contribution for Ay<1
Heavy quarks produced by light quark are more correlated in rapidity
respect to those produced by gluon-gluon fusion.
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Applicability of Perturbation Theory

The propagators in the diagrams:
(p1 + PE)E = 2p1p2 = ?m%—(l + cosh Ay) |
(p1 — pg)ﬂ —m? = ~2p1.p3 = —-m%(l -I—E_i‘y) :

(p2—p3)2—mi= —2pop3 = —mip(1 -|—E"j'y) .

Are off-shell by a quantity of the order of m* so the perturbation
theory should be applicable.
This is valid until the mass m is larger of A

The question is if the bottom and charm mass are large enough.
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Heavy Flavour Cross Sections at higher-order

At NLO,0(a’), the production cross section of the heavy flavor quark
of mass m: 7(S) = Z / dr1dzy 65(z1225, mz,,ug)Fi(IL#E)Fj(mg,pzj
1,

Where &: (5, m?, u?) = oocy(p,p?)  p=dm?[3 i? = 1 /m? 00 = o (%) /m?

Examples of higher order diagrams
w08 0g 5:5}—-..

3 - oo w B0 K
ola,) |
) -+ + SO SRR
1
P e e L - P I I e e

Real emission diagrams

w000 R ——— 2R R R _:|..=.
. + f =+ = +
E kj;;.m-{
w BB AR R ERR .
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There are several dependences.
1) Scale, p:
- PDF following the DGLAP equations
- running coupling constant
- short-distance cross section: if we perform a calculation foO(a’),

(

the variation of the scale contributes: ﬁ'fgd;;?g = 0(a$).
i

The above variations combine in a such a way that the scale
dependence is formally small because of higher order in o (o)
This does not guarantee that the numerical value of the cross section

is smaller for higher series when varying the scale.
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Heavy Flavour Cross Sections at higher-order

BD I | I I I I |
Bottom cross—section vs. scale p,
- Vs =1.8 TeV, m, = 5 GeV i
60 |— MRS(4'), as(M2)=0.1124 ]
B \ L+NL n
< AL T L
= 40— ““m__%_____ —
b T T ———
20 — ]
0 ] | ] ] ] | |
2 5 10 20

p [GeV]

LO cross section is almost scale independent because of a, behavior and
increased gluon distribution with p

NLO is almost 2xLO - large uncertainties on the cross section
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2) Heavy quark mass m :
12<m <18 GeV

45<m <50 GeV

- explicit dependence on 1/m? in the short-distance cross section

- PDF, as m decreases the x value at which the PDF are calculated
become smaller and the cross section increases because the
parton flux increase

- a,depends on the the scale pand A o (u’)= ! ;
if we take m/2 <y <2m we have problems boln(%)
with the charm because we arrive at y <1 GeV where the
perturbation theory is not valid = for charm the lower limit for
b=2m
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Heavy Quarks Fragmentation

Heavy quarks after the production fragment in hadrons.

The model is different of those used for light quarks

the attachment of a light quark to and heavy one Q produce a small
deceleration of the heavy quark Q.

Q = — H
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An heavy quark Q of momentum P generates a hadron H=Qq of
momentum zP. To model this process the energy difference before
and after the fragmentation is needed

AE=E,—E,—E,=\my+ P —\m%+2* P~ m*+(1-z )} P’

2
m
. _m, _
with e,=—% and m,=m,
Mo

-1 %o

z 11—z

2
Mo

2P

The transition amplitude is TNAL' squaring the amplitude and including

a factor 1/z for phase space we obtain the Peterson function for the
heavy quark fragmentation

1 €

z 11—z

N, is a hormalization factor > [ azDl(z)=1
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Heavy Quarks Fragmentation

4 \ I I ‘ I [ | I [ | [ I I I \

Bottom,e=0.016

————————— Charm,e=0.15

is determined by the ratio of
quark masses but it is
treated as parameter and
the best value is obtained
from data.

(
T T 1 | T T 1 | T T 1 | T T 1
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N
=
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b and ¢ Meson Decay

_ u,c,e 1T _
b W p — b W Coru
- sV _—'—'QQH,E
ﬂ_“\ o L\ 0
q q
a) simple spectator b) hadronic: color suppressed

Several different decay modes of the b meson based on the spectator
Model where the light quark does not participate.

B can be selected based on:

- lepton (e,u): B - IvD

- D meson: B - Dm

-J/y: B> J/yK
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¢ Meson Decay
¥ 1
,xrf< . Nl
C = = C
q— \\ I\
\\ — |

5
q

Similar diagram governs the charm decay.
The procedure to identify charm meson are:
- lepton (e,u): D - IvK(m)

- Kmeson: D = K(n)m
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The procedure to measure the cross section is simple.

N Data N Background

Accf Ldt

B-mesons are selected exploiting the decay channels.
The selection procedure depends on the decay channel as the
background evaluation. Examples:

Hb — pD°X

O=

CDF Run Il Preliminary 83 pb”
- / Q C
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b Meson Cross Sections History

Until 2002 data and theory had a discrepancy, the measured cross
section was higher of about factor 3
New Physics?

P B) (Gev/c)

proy — : . ———]
0 pp— bX, vs=1.8TeV, ly’I<1 F
W L~ 3% 107 & 2'°5+
— E f DG Dato s + g
E e, (Errors have correlations) s '"F + +
) | I
a 103 R rorrmr—————
‘J:\ - 10!:_ . :lIlIE.I.J].IJ.IIIJIIII
C'}__ mDimuons E =_+ & 1@ 14 18 22
B I
o

do(pp — BX, W<1)/dp, (nb/Gev/c)

hep-ex/0008021

asMuons+Jets -
(This Analysis) 1oL @ Date
5 - —— QCD Predicti
10 | elnclusive Muons o Theoretical
NLO QCD, MRSR2 i [ 1 Lvanening ot uncertainty
. Theoretical Uncertainty ae -
T S A . . — 1 S e
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6 7 B 910 20 30 40 50 6070 p:(B Meson) (Gev/c)

mem (GeV/c)
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b Meson Cross Sections Measurements

A lot of work done by the experiments to improve the measurements.
A lot of work done by theoreticians to improve the theory:

M.Cacciari and P.Nason, PRL 89, 122003 (2002)

- new calculation of the cross section to include corrections (instead

of NLO NLL) at high order

- new tuning of the fragmentation function D(z)

- new PDF

The purpose of this Letter is precisely to implement
correctly the effect of heavy quark fragmentation in the
QCD calculation. Several ingredients are necessary in
order to do this: (1) A calculation with resummation of
large transverse momentum logarithms at the next-to-
leading level (NLL) should be used for heavy quark
production [21], in order to correctly account for scaling
violation in the fragmentation function. (i1) A formalism
for merging the NLL resummed results with the NLO
fixed order calculation (FO) should be used, in order to
account properly for mass effects [22]. This calculation
will be called FONLL in the following. (ii1) A NLL
formalism should be used to extract the nonperturbative
fragmentation effects from eTe™ data [23-29].
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FIG. 4 (color online). The effect of the different ingredients
in the calculation presented in this work, normalized to a fixed
order calculation with Peterson fragmentation and e = 0.006.
Dashed line: FO, e = 0.002; dotted line: FONLL, € = 0.002;
solid line: FONLL, N =2 fit



Tevatron: | FONLL

& JhyX (1.96 TeV)

- 3 separate measurements 5 100 P © IAPK' (196 TeV)
. .. o % \\ ® +D" (1.96 TeV)

- improved precision down to ~10% 3 2,

- allow a reliable test of theory g N

- consistent with theory s
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b-quark can be identified in jets by using inclusive selections. This allow

to reconstruct events with 2 b-jets.
b-b cross section measurement allow to test high order theoretical

contributions

b-quark Correlations: Azimuthal As Distribution LO pr'oduced (1|mOS'|'
e back-to-back

1.6 TeV Pythia CTEQ4L
FT1 = § Gelie
PFT2 = & GeVic

bl <1 ly2]<1

Fitting the cross section
- f as function of the angular
e eem——— j/ separation allow to
---------- determine the relative
contribution of each
process
0 n &0 120 150 180

(a4 degrees) A® between 2 b-jets

— Pyt Tola| =0= Moy Calion =@=Fiyor Exzilation ™ = Pythia Fropmaniaten 20

daicly (ubideg)




Correlated b-b Cross Section Measurements

Tevatron:
2 y are required then their impact parameter distribution is fitted to
extract ¢ and b components

. 1 —
0.2_ P - : 1 FlT E__ —— prompt mucns
_ . [ L. ) -‘-_‘ s muUONS from c decays
: da.ra ComponenT ,_E.,_ 10_1 B ==== mucns from b decays
. w
(=]
o
S 42
3 107 F
c
(=]
3
E
107}
SV | e b 124030 0 0.05 0.1 0.15 0.2
0.15 b 15GeV —— £ TV, d (cm)
COFI bBjels s 1.040.32
p‘I>ZUGeV
COFI u+ bijet -9 1.540.15
p[>fEGeV
CDF pu +X —— 241048
p‘I>ESGeV
D01 wu+X ¢ 2.310.76
pI>TGeV
COFIl pu+X = 1.210.11
pﬁﬁGeV
NLO calculation -9 1.040.15
(total errar)
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LHC:

ATLAS and CMS identify jets with b exploiting the long b lifetime
B-tagging: 2 or 3 tracks displaced from the Displaced
primary vertex the decay length L, compatible N

Secondary
I I Vertex
with the distance traveled by the b-hadron.
y - ny / 4 ,’l
// ll
CMS\s =7 TeV, L =3.1 pb’ \ »
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Identify only one c-meson and measure the cross section with the same
procedure described for b-mesons.

Theory predictions have larger uncertainties than the b-meson cross
Section.

Charm meson cross section measured in several experiments,

fixed target and at collider.

CDF Run Il (L=5.8 pb’) _ -1
D° Meson Differential Cross Section _ CDF Run Il (L=5.8 pb™)

g o 25 D° Data/Theory Cross Section
§ : B FONLL
§ Pl
2 -
a B |
3 1
hy as—
CDF Collab., PRL 241804 ™~ | ' Cacciari et al., JHEP, 05:00, 1998
5 10 15 20 a |1 I 1 1 1 | L L 1 ) | L L ) |
p,(D%) [GeVic] 5 10 15 20

P+(D") [GeVic]

At Tevatron data/theory~2
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Also in this case a lot of work done by theoreticians

Charm cross sections for the Tevatron Run II
Journal of High Energy Physics Volume 2003 JHEPO9 (2003)

- Use the same framework of the b-meson

- Build new fragmentation functions non-perturbative using data;
Ex. F(c—D")=F)(c— D")+F(c— D)o F(D** —= D")+F(c — D)o F(D*" — D")
F(c —» D°)= directly produced D° fragmentation function
F(c » D%)= fragmentation function of D that then decay to D°
F(c » D)= fragmentation function of D” that then decay to D°

10°
E W | | [ |
N
, \
N\
= 10t = Dashed band: ¢ quark —3
@ F . 3
o Solid band: D°
Fg
E 103 |y|<1 E
o E
o,
T
5
< 107 —
= g 3
Ty
10! \‘H\H‘H\H‘ - —
T T = o= 3
* CDF data R“‘-“&}:.H =
B -H'R:E‘:‘ﬁ-‘-"a
100 IIII|IIII|IIII|IIII|IIII|IT:?:::J"--
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Inclusive charm cross section
D Now at LHCb
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Flavor Creation (FC)

Hadronisation ¢

Gluon Splitting/Fragmentation (GS)
I

T
PS = Parton Shower

Hadronisation g

Ps

Flavor Excitation (FE)

5000
4500
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3500
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2000
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500

MC: ¢T Pythia

entries

Flavor Creation (FC)

Gluon Splitting (GS)

P large Anp P Hadronisation i
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Charm Correlated Cross

Trigger Side

\— ¥ -
® Primary

v Vertex

#*4 2 "'_"ﬂ
nw D

Probe Side

K

- Identify the 2 D meson

- Correct for D coming from
b-hadron
- Evaluated the efficiencies

Sept. 20, 2013
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Sections Measurements
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The last quark discovered. Precision SM measurements predict

its existence and its mass.

In particular the asymmetry backward-forward of b-jets produced
in e+e- annihilation at the Z resonance can be easily explained
assuming that the b quark is in an SU(2) doublet with the top quark
Precision electroweak fits constrained the mass: 178"

mass—s
charge

The top discovery dates 1995 by the
two experiments at the Tevatron o
Collider.

Quarks

We are now in the era of precision
Top measurements

Leptons

-8-20
2.4 MeV 1.27 GeV 171.2 GeV 0
| 25 G i t o]
| s u 14 C 1 1
up charm top photon
4.8 MeV 104 MeV 4.2 GeV 0
—Vzd Y —l,fab 0 g
15 14 14 1
down strange bottom gluon
<2.2 eV <0.17 MeV <15.5 MeV 91.2 GeV
wVe | Vo | V1 | |2
A~ 14 M wmvYT 1
electron muon tau
neutrino neutrino neutrino Z boson
0.511 MeV 105.7 MeV 1.777 GeV 80.4 GeV
-1 e -1 -1 + +|
v, i 2T EW
electron muon tau W boson

Gauge Bosons
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Top Quark Cross Sections

a(pp — tt+ X) Z[dm;l X Fi(xip) Fi(2,00)04(2i,2; iru?ﬂp I }

mTOP/Z <p<2m since the mass is so large the calculation can be
performed with the perturbative QCD
At LO the diagrams that contribute are

q t 9 toyg t g t
=, I K
q t g t 9 t 9 t
LHC: 80% gluon fusion 20% qq
Tevatron: 85% qq 15% gluon fusion

NLO calculations available.
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Top Quark Cross Sections high order

NLO calculations are important: ~50%

Since not everything is in agreement with the theoretical expectations
theoreticians are calculating also the NNLO corrections

4
Gagrti(B) = O‘S?f;”t) {LO +NLO + NNLO}
t
Preliminary Lo - green
NLO - blue

NNLO - red (with errors)
approximate NNLO - black

f=V1-p

- Alexander Mitov - CERN - Moriond QCD-2012 30



Top Quark Decay

Quark top decay before it can form a bound state

T~ 107% sec‘ compare to ‘TQCD ~ 1072 sec
b (
Wt — £+Lfg
It dZCCl.YS y . / t— pWT ¢
predominantly L’“"‘L*LH | W+ — qf
W
The event is

ttbar Decay Modes

Oete Emu+mu  Mtau+tay  Oe+mu He+tau
Omut+tau  Metjels Omutjets Otautjets  Dall had
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Top Quark Reconstruction

Detector

Events classified depending on the W decay:

® Di-lepton: low yield, low background, well defined leptonic
signature, neutrinos - MET

® | epton+jets: higher yield, moderate background, lepton
signature + MET + jets

® All hadronic: highest yield, huge background, only jets
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Top Quark Events Reconstruction: Common tools

Final states always with jets and b-quark in jets.
1. Reconstruct jets

2. Use b-tag algorithm to determine if the jet is originated by a b-quark

Jet Energy Scale (JES) is one of the major
source of uncertainty (see discussion on jet
reconstruction)

Top analysis now use a hew method to determine
the energy scale: the “in situ” calibration.

Use cone algorithm “



Common Tools: "In situ” Energy Calibration

In the decay channels where both Ws decay in hadrons it is possible
to leave the JES as free parameter and fit the W mass.
Templates with different JES are produced and the W mass is fitted

?‘“ _ tt m3* templates, 1 tag events (Miop = 175.0) g‘-"-‘ﬁ:_ tf m3® templates, 2 tags events (Mtop = 175.0)
Yy B Y —
#0121~ Bl =5-30 7014 B cs-30
§ i Y UES =-1.0 § - P ES =-1.0
5 L JES =410 5 [ JES = 4+1.0
A JES = +3.0 01 JES = 43.0
0.08~ —— P(m? | Miop,JES) - —— P(m* | Miop.JES)
X 0.08—
0061 [
_ 0.06—
0.4 [
X 0.041~
0.021~ 0.02[
n [ | L 1 I L L 1 L I 1 1 1 L I I 1 1 — - . I u_ 1 L 1 1 1 1 1 1 1 1 1 1 I - 'l L L I
] 50 100 150 200 250 0 50 100 150 200 250
my (GeV) myy (GeV)

X2: (ij_M;Iic)z + (M[;j_MII:;C)z
rW rW
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Top Quark Reconstruction:Common tools

2. Use b-tag algorithm to determine if the jet is originated by a b-quark

ot * Select tracks with high impact
parameter respect to primary
vertex

* Request at least 2 tracks

displaced * Fit the tracks to idenTify a

A secondary vertex

« Cut on decay lenght ny to be

Lepton

Displaced
Vertex

\,.

Primary vix d, 'nll
<7\ "{ Impact parameter compatible with the distance
| traveled by a b-hadron
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Requirements: Requirements:

> two high Propposite charge i one high P .isolaTe'd leptons
isolated leptons g at least 4 high E; jets
> at least 2 high E_jets at least one b-tag

» Significant MET
» at least one vertex b-tag

» Significant MET

Major Backgrounds
Process with 2 leptons in the final
state: Drell-Yan Z/vy*, WW WZ,ZZ
QCD: fake leptons

Major Background
Process with 1 lepton + jets in
the final state: W+jets
Other contributions from now-W




6 Jet Eventin 7 TeV Collisions

Requirements:

» at least 6 high E; jets

> at least one b-tag

» Small MET

> No leptons

Dominant Background: QCD multi-jets
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Top Quark Event count

In order to count the number of top-anti-top event candidates the
number of events is plotted versus the n umber of jets per event.
In each bin the contribution of sighal and background is different.

lﬁepTon-'- eTS — Dl epTon CDF Run Il Preliminary (5.1 tb™)
= - COF Runl Preminary =417 P I [ R E
0>J | - —&— data .
w Mloata s 25252 Bkgd + 16 uncertainty J

B . B+ 0 5.500) gm.:_ ............................................................ |:| ﬁ(5=74pb} ......................... -
s B+ d.6pb) -
B single Top
o W +HF
" Mistags
[l Non-w
Bz+iets

- Di-boson

1000[—

500

| =

I
0 T S Se—

0 - - .
1 Jet 2 Jets 3 Jets 4 Jets =5 Jets 0jet 1iet 22jet  HT>200+0S
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Top Quark Event count - 2

In order to increase the purity of the sample the number of b-tagged
jets are counted or at least 2 b-jets are required.

g L CMS prefiminary, 1.14 i o i CDF Run Il Preliminary (4.8 fb™)
fpooo [ o up, ew channels ™ — - I | I 5
B .Z&LHLM?; - P | I —®—data _
B ﬁm;m 7 - >0 Bkgd = To uncertainty |
1500 | sotor | - [ Iti(c=7.4pb) g
N ’ . [ WwW/Wz/Zz i
B 7 200 [ 'DY+HF —
aoo |- ] [ BN DY+LF ]
1 S ] - I Fake .
. ] L _
; 5 I e —
500 ] > [ i
i L i ]
—— -] 1m_ ........................................................................................................ —
215 [ —'L—: - i
ém‘: S e F— - - i
ok : i ®- | ]

2 1 2 ® =8 0 : et _'T

je z22je
b-tagaaed fof muftfofciis (HT>200+0S)

39



6,7 [Pb]

N —N Inserting the number of signal and
Dat B d .
o,=— ackground | hackground events in the formula and
ACCI Ldt knowing luminosity and efficiency on signal
we have the cross section
 NLOQCD(p) | # Siglelepon BTev) 24123200
B approx. NNLO (pp) ¥ Single Lepton (7 TeV) 179:= 12 pb
A Dilepton 173 _*: pb o .
 -"NLO QCD (pp) O Allhadronic 167 £ 81 pb LS GOOd Ggr'eemen'r WlTh The
5 | _—Approx. NNLO (pp) @ Combined 177 "/ pb __,,:;;:;if*" B .
10 = mCDF = = CXPCCTGTIOHS
- 4 D0 B
i 250 ]
10 - 200 .
F 15055 -
 / # ATLAS Preliminary ] ]
f 7 8
-1 | | | Ll | L |
1 2 3 4 5 6 7 8
Vs [TeV]
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Top can be produced also via electroweak interaction involving a vertex
W1b. There are three different production models depending on the
Q° of the W:

1. ¥-channel: a virtual W-boson interact with b-quark (sea quark) (a)

2. s-channel: a virtual W boson q*>(m,_+m,)* is produced by the fusion

of 2 quark of SU(2) isospin doublet (b)
3. W-associated production: top quark is produced with a real W-boson
starting from a sea b-quark and gluon (c)

u(d) d(i)
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Single Top Quark Expected Cross Section

Single top cross section t-channel

Single top at Tevatron t-channel §'%21.96 Tev u=m
[ T ]
LA — 10 .
Lo ——- NLO approx ] 5
L NN | Dominate at Tevatron and LHC
13- = el e NNNLO approx| -
(=}
L1E
1
0‘?;0 | 163 T 175 T30
m (GeV) LHC
Single top LHC t-channel NNLO approx (NNLL) p=m Single antitop LHC  t-channel NNLO approx (NNLL) p=m,
200 T T . . . M T T T T T T T T T T T T T T ]
I wof .
o T I
i 80 7
= =2 — s T ]
o — 14 TeV = L 2 : -
»E‘ltﬂ}_— — '."Te‘?.-' - ‘; 60 - —— 7 TeV :
or .
sof . L ]
C e P 2[3__ - ——— T
I T 0 i T If.;,fln ! T
I 1 m T T
m, (GeV) : 42
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& (ph)

Single top at Tevatron s-channel 521,96 Tev

Single Top Quark Expected Cross Section

p=m,
] C T T T T T T T T T
0.9F — LO
c ——- NLO approx
0.8 e NNLO approx
07 T NNNLO approx

0.1F

L

| 1 1 1
165

1 | 1 1 1
170

m, (GeV)

1 | 1 1 1 1
175

Single top LHC s-channel NNLO approx (NNLL) p=m

10

1 1-Ir|:| 1

m, (GeV)

=0

Single top cross section s-channel

Tevatron
PRD74,114012,(2006)

Single antitop LHC s-channel NNLO approx (NNLL) p=m

T80
43
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Single Top Quark Expected Cross Section

PRD74,114012,(2006)
bg -->tW  at Tevatron $"°=1.96 TeVv p=m,
0.25 —r———— — ——————
— LO
L ——- NLO approx i
0.2 e -—--— NNLO approx 7]
e NNNLO approx i

o (pb)

0.05 .
1 1 1 L | 1 1 1 L | L L L L l ! : ! '
Te0 165 170 175 180
m, (GeV)
bg->tW atLHC NNLO approx (NNLL) u=m,
&0 T I T
: — 14TaV]| |
—— 10 TeV| -
ol —-— TTeV |
a0t T ]
= [
B30 p
b [
077 e .
]_D-_ i e 7]
[ L 1 L L | L L 1 1 | L L L L
163 170 173 180

m, (GeV)
arXiv:1005.3330

Single top cross section:
W1t associated production

Not enough sensitivity at Tevatron
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single top-quark cross-section ¢ [pb]

—i
-
no

—
(-

R

—h

I: | | | | | | | | | | | | I | | | —
~ATLAS Preliminary 12 Sep 2013 2

| single top-quark production t-channel

. NLO+NNLL at m, = 172.5 GeV

MSTW2008 NNLO PDF m
T stat. uncertainty

s-channel =

$t-channel 1.04 fb' pLs 717 (2012) 330
St-channel 5.8 fb™' ATLAS-CONF-2012-132

EWt 2.05 fb™' pLe 716 (2012) 142

§_ TWt 20.3 b ATLAS-CONF-2013-100 _§
I: v Sl‘,-chanr}el 95‘%7 C.L. Ii:’nit O.7|fb'1 ATLilﬂ\S—CONF—I2O11—118| =
5 6 7 8 9 10 11 12 13 14

Vs [TeV]
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