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tty production

U Cross-section (one identified lepton+jets channel)

o (7 TeV) oc O(10) b
—p tt~ can be studied with 5 fb-"

L Determine top-quark electromagnetic properties

d Top-quark electric charge Q+

d Possible background for New Physics signals
Q CDF (2011): [y Erp mies + b—jet production
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The top-quark electric charge

4 ¢ production

O Exotic quark: mineasured 2 m?XOtIC, ?XOth I _4/3

Chang, Chang, Ma (1998)

U In agreement with electroweak precision data

U In agreement with direct searches (Tevatron & LHC)
b b
fxotic > _4/3

o+ &
Standard Model Exotic quark fakes SM anti-top

d DZero (2007), 370 pb ': Percentage of exotic top-events < 80 % at 90. C.L.

O CDF (2011) 5.6 fb'l: @+ = —4/3is excluded at 95 % C.L.

21/07/2011 International Europhysics Conference 3
on High Energy Physics



The top-quark electric charge

d How well can we measure Q; in t#y production ?

D Leading order Study including top and W decays Baur, Buice, Juste, Orr, Rainwater (2005, 2007)

a % x 0.1 seems possible with 10 fb! at the LHC
O At the Tevatron limited sensitivity to @+ ) <‘>
1 Theoretical scale uncertainty is one limiting factor gg — ty qd — tty

Tevatron; 1 % 99 %

tty composition (LO): pp > 20 GeV
LHC: 66 %o 34 %

d NLO QCD calculation for stable top quatks

Duan, Ma, Zhang, Han, Guo, Wang (2009)

4 Large K-factor at the LHC

[ Small K-factor at the Tevatron
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tty production

O We want a realistic description of the ¢y signal b

Full NLO calculation is very complicated

4 Apply narrow width approximation

1 On-shell condition for top’s and W’s

996) b

I i (1

Beenakker, Berends, f.r.l-l,png.!’/ (1999)

Denner, Dittmaier, Kallweit, Pozzorini (2010
) J

vilacqua, Czakon, van Harmeren, Papadopoulos, Worek (2010)

elnikov, Yakovlev

) ¢ 1@y S A1 LAl 1y = = <.

O Two kinds of contributions at NILLO g b g

+
4 ~ radiation in production - 0
pp — tt+ — bbjjiltv 4+~ g 7t
Ay a q

O ~ radiation in decay
pp — tt — bbjjilTv 4+ v
g <Y
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NLO corrections

Q pp — tt Melnikov, Schulze (2009)

Q pp — tty
Virtual Corrections

d D-dimensional unitarity

Giele, Kur
d Cross-check: Feynman-diagrams with OPP Ossola, Papadopoulos, Pittau (2006)

Real Corrections

\ unszt (2007)
Cunszt, Melnikov (2009)

4 Dipoles with a-dependence S s
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Feynman-diagrams + PV, Feynman-diagrams + OPP, Dipoles with o-
dependence

J No NLO corrections to hadronic W decays but we allow photon radiation
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tty @ NLO

Leading order

do = do0 dBLCABLO + do'y (dB OdBLO 4 ABLOIBL )

Cormparison with Duan, Ma, Zhang, Han, Guo, Wang for stable top-
Next-to-leading order ~ duarks

dO_5NLO

doyr OMBOdBEY
d Otm ( A B5NLO d BLO = B(SNLO dBLO)

dg¥NLO (dB O4BLO 4 qBL dBLO)

+ 4+

< Ugﬁo ( d BéNLO 3 BLO € B(SNLO dB%O

+ dBEOABINLO 4 (BL dB5NLO)
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pr > 10 GeV
p% > 20 GeV
Pl > 15 GeV
pt > 15 GeV
BT > 20 GeV

Results

Acceptance cuts (Tevatron, lepton+jets):

R(~,¢) > 0.4

R(v,7) > 0.4
R(W,jb) > 04

lye| < 1.1
]yj =72
’yjb <2
lyy| < 1.1

Hyp = EDis 4 S FL > 200 GeV

KT jet algorithm: AR(j,j) > 0.4

O-tf’y = 264 fb =
A

Photon radiation in production

21/07/2011

Tevatron:
Q NLO: 045y = 2.64 tb
1 K-factor: K = 0.93

] Reduction of scale dependence

1071

| LO [ |
I ‘ NLO ]

< |
E L

1073 L | ‘
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- O
‘a <) <)

mt/2 % s th
1.49 tb \

Photon radiation in decay (56 %)
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Results

Acceptance cuts (LHC , lepton+jets):

i R(v,2) > 04
P 20 GEV (7. LHC: 0. = 138 fb \-+l7.1
p% > 20 GeV Bly:3)70.4 7
R(v,jp) > 0.4 s

pgf =~ 920 GeV Photon radiation in production
- ) Photon radiation in decay (56 %)
pt > 20 GeV ;y‘figg e
; : ; 1
E&I‘IISS > 20 GeV yj 2 | ——— ~ in production .
’yjb < 0.8 | -~ in decay 4,—,—,7
|y’7| < 25 é:; 0.6 , ------------------- 7
Hyp = B2 45 EL > 200 GeV T oa
kT jet algorithm: AR(j,j) > 0.4 02 | e
Photon isolation condition Frixione (1998) o
; 0 20 40 60 80 100 120 140 160 180 200
pr(v) [GeV]

Photon radiation in decay is essential
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LHC (14 TeV):
JLO: g4, = 74.5 fb
dNLO: o4, = 138 1b
0 K-factor: K = 1.85

Results

K-factor 42
|
19 2k
v\“
1.8 &
AR
1.7
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pr(7) [GeV]

U No reduction of scale dependence: New partonic channel at NLO

(qg — ttyq)
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0 LHC (7 TeV) @ NLO: 047, = 26 fb
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@+ determination

4 Exotic quark @ NL.O

Oty

= 138 fb

Qt w gxotic . - _4/3
>

O-tfq/ = 243 fb

100
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0 Q7" can be clearly distinguished from Q%

. 5 _ 2 G
‘ Naive expectation, O¢iy X Q7 fails R =
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Otty (Qt)

= 1.76
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(¢t determination
Consider ratio of tt~y/tt

on High Energy Physics

12

7 0.02
0.04 ‘
| 0.015
S 008 £
C\; 0.02 1 0.01 §\§;
sl 0.01 | 0.005 -
0 S R 1o
0 50 100 150 200 250 300 -2 —1 0 1 2
pr(l) [GeV] y(h)
Qt _|_003 - - Qexotlc +0 2 _3 :
ey ) 9.661005 x107°, LO; L (L 0 3 x 1072, LO;
74 6.33752¢ x 1073, NLO, I4F 1712803 < 5% ANT 0L
U Ratio is very stable against NLO corrections (~ 10 %)
U Small scale dependence
1 Cancellation of experimental systematic uncertainties
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@+ determination

How to increase the Q; dependence ?

—p Apply cuts to suppress photon emission from decay

mr(jply, EE5%) > 180 GeV,

160 GeV < m(jp, j,j) < 180 GeV,

Inspired by Baur, Buice, Orr (2005)
m(Ly, EE55) > 90 GeV,

| ~ in production
0.8 o 7 in decay ’—,f
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70 GeV <m(j,7) < 90 GeV.

dpr(7)
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With suppression cuts:

@+ determination

R A O'tf'y(ngouc) g 288

Ott~ (Qt)
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Pros: Cons:

U Improved scaling with (),
O Smaller K-factor (K =1.14) ;e (Qr) = 27 fb,

Ui Reduced scale uncertainty
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o

tot
tty

U Significant reduction of signal

(Q?XOtiC) — 77 fb

~80 % of the signal is lost
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Summary & Outlook

0 We calculated the NLO QCD corrections to tty production

U Flexible setup:
o Production and decays of top-quarks at NLO

o Photon radiation off all charged particles

4 Large contributions from photon emission off decay
products

U ¢ty is ideal to determine the top-quark electric charge
o Ratio of ttvy/tt is very stable against NLO cotrections
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Results (LHC at 7 TeV)

Same acceptance cuts as for 14 TeV
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Results (Tevatron)

0 b 110
Bl el v Forward-backward asymmetry
pr > 10 GeV y7] < 1.1
<t > 15 GeV g% < 2
miss H+ > 200 GeV
T .>.20 Sy i Nory — N(y:>0)—N(y:<0)
AR(j,5) > 0.4 AR(¢/j,v) > 0.4 FB = N(y:>0)+N(y:<0)
2.5
LO[ ]
NLO {2 ALO (t#y) = —17%,
15 £
- L \ s ANLO (452) = —12%
‘ | 105
, | 0
15 -1 =05 0 0.5 1 1.5
y(e")
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