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A single top quark after July 4




Outhne

» The interest of single top quark events
» What can you do with single top?
» CC vertex, Vi, b-density,...
» Theoretical aspects in production and decay of single top

» and connections (spin, virtuality,.)



How to make a single top?

“Omne trium perfectum”
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s-channel:
timelike W : Wt channel: real W
t-channel:
4 pb L EICEZ space]ike W 10 pb @ [LHC/
62 pb @ LHC7

» In SM: through charged current interaction

g =
g

: V2

» Interesting because: S
» strength (Vi 1n particular)

» left-handedness, 1.e. spin

» Effect of W-virtuality?

@® s-channel @ t-channel Wt-channel

» Note: channels start mixing at suthiciently high order
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Single top production in a nut-shell

LO at aw? for s and t channel, oo for Wt channel
Cross secti

3 pbt Tevatron , »

306/ pb at LHC14| (60 pb) at LHC7 }b_{
, ¢ g t

s channel 1 pb at Tevatron, Wt » 60pb at LHCI14, s-channel negligible
negligible there there
s-channel like Drell-Yan, t-channel » NLO QCD corrections about 40%
like Deep-Inelastic Scattering : s

. » Tricky at LHC, hard to distinguish
QCD corrections moderate from top pair production. More on
» At NLO, no box diagrams this later.

Test different kinds of new physics



Discovery, still not long ago

» Even though the cross sections at the Tevatron are not that much
smaller than for pair production, discovery of single top production took

much longer (2009) than for pair production (1995)

Observation of SingleTl“op-Quark Production

We report observation of the electroweak production of single top quarks in pp collisions at /s =
1.96 TeV based on 2.3 fb~" of data collected b at the Fermilab Tevatron Collider. Using
events containing an isolated electron or muon and missing transverse energy, together with jets
originating from the fragmentation of » quarks, we measure a cross section of o(pp — tb + X, tqgb +
X) = 3.94 = (.88 pb. The probability to measure a cross section at this value or higher in the absence of
signal is 2.5 X 1077, corresponding to a 5.0 standard deviation significance for the observation.

First Observation of Electroweak Single Top Quark Production

We report the first observation of single top.g production using 3.2 fb~! of pp collision
data with /s = 1.96 TeV collected by th at Fermilab. The significance of
the observed data is 5.0 standard deviations, and thé éxpécted sensitivity for standard model
production and decay is in excess of 5.9 standard deviations. Assuming m: = 175 GeV/c?,
we measure a cross section of 2.370°%(stat + syst) pb, extract the CKM matrix element value
\Vis| = 0.91 £ 0.11(stat + syst) £ 0.07(theory), and set the limit |Vi| > 0.71 at the 95% C.L.




Experimental status: Tevatron

DO, through Ann Heinson, major supplier of

single top Feynman diagrams..

s-channel cross section [pb]
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» DO0: 5.50 for t-channel, no separate s-channel discovery

» CDF: t-channel a bit low, s-channel a bit high

» Background fiendishly dithcult

» Full dataset, and D0O+CDF combination await



Finding single tops

» Why was it so hard to find?

» Backgrounds large in size and similar in shape compared to signal
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» especially Wj, tt and multijet backrounds

» Cut & count did not work at the Tevatron: needed multi-variate
techniques

» With 1 charged lepton, >1 jets, large missing E, S/B = 1/185
» After b-tagging, S/B = 1/20, still tough

» Then enhance signal with multi-variate techniques
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- Experimental status: LHC

" ATLAS Preliminary Single top production -
~[ L dt=(0.70 - 2.05) b’

t-channel

951 2(stat. )T 18(syst.)pb
Wt-channel

—Theory (approx. NNLO) |
T stat. uncertainty

s-channel

Ft-channel, arXiv:1205.3130

¥ Wt-channel, arXiv:1205.5764
Is-channel, ATLAS-CONF-2011-118 7
v95% CL limit |
1 l L 1 1 l 1 | 1 l 1 | 1 | 1 l 1 -
5 6 7 8 9 1 11 12 13 14
CM energy [TeV]

» Single top process established at LHC
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t-channel single top quark production

1 1 IIIIIII 1 1 IIIIIII

1 Illlll
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CMS preliminary, 5.0fb '

CMS, 1.17/1.56 fb
D0.54f "
CDF.75f
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NLO QCD (5 flavour scheme)
mmmmmms theory uncertainty (scale @ PDF)

Campbell, Frederix, Malloni, Tramontano, JHEP 10 (2009) 042

] IlIllII

NLO+NNLL QCD
memmes  theory uncertainty (scale @ PDF)

Kidonakis, Phys.Rev.D 83 (2011} 091503
l L 1 1 I 1 1 1 l

o

» Inclusive cross sections in good agreement so far

» But backgrounds remain tough
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Things one can do with single top

o T I <

(1)

s-channel:
timelike W _ Wt channel: real W
t-channel:
4 pb =EHEC% Space“ke W 10 pb @=EEICA
62 pb @ LHC7
) process is sensitive to different New Physics/channel (FCNC (t- b

channel), W’ resonance (s-channel), non-4 fermion operators

(Wt-channel) /

Y

Y

p It helpt determine (t-channel) the high-scale b-quark PDF u

It tests electroweak roduction of top, throu h left-handed
p P g
coupling

p It allows measurement of Vi, per channel.
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s & t fallacy

» One might think: since these cross sections are proportional to [Vipl?, we

can just extract this value easily.

» But since |‘/tb‘2 Alwall et al; Lacker et al

e
Vial? + [Vis|? + [Vip|?

» has recently been measured by DO to be about 0.9, we cannot use
Vial* + Vs < [V |*

» so easily. A first attempt at doing it properly

» assume 4x4 CKM matrix (to avoid unitarity), take ethciencies for other

flavor (miS)tags Into account W prvalue
— | excluded area has >0.95 B
» Vib =1 well outside 95% CL contour 0 - 1 Fos
B . 0.7
0.6_—
22
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Single top at NLO, on-shell

» NLO corrections known since long. Inclusive
» t-channel [Bordes, van Eijk; Stelzer, Willenbrock Sullivan]
» s-channel [Smith, Willenbrock]
» Wt-channel [Zhu, Cao]
» Fully differential
» s&t: [Harris, EL, Phaf, Sullivan, Weinzierl]
» Wt: [Giele, Keller, EL; Frixione, EL, Motylinski, Webber, White; Campbell, Tramontano]

» LO + Parton shower 1s not like NLLO, so this was necessary.

b



Electroweak & SUSY-OQCD corrections

Beccaria, Carloni-Calame,
Mirabella, Piccinini, Renard, /

Verzegnassi

» (Wt,t)-channel / (s,t)-channel

Marcorini, Moretti, Panizzi; Bardin,
Bondarenko, Kalinovskaya,Kolesnikov,

von Schl

» EW correction not so small (esp. for pr)

» SUSY-OCD corrections much smaller

-

EW % correction in SM
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200 300 400
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t-channel
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SUSY % correction in MSSM

-0.005

500 ~ 1000 1500
M., [GeV]



Threshold resummation for single top; beyond NLO..

» .. but that 1s not yet NNLO. For single top, based on all-order resummation

e = { a2Cp +a2Cy }><
e o
LL,NLL NNLL

exp [{/gl(ozSLZ—I—gQ(asL)J—I—EJzSgg(aSL) + ...

7

~ -~

LL NLL NNLL

» There are two varieties of such predictions
» all order predictions
» Benefit: all-order, systematic, smaller scale uncertainty, but some ambiguities
» after expanding resummed to second order, get NNLO,pprox

» Instructive, already less scale uncertainty than NLO, no all-order ambiguities
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Resummation rules of thumb

. 2
1. Near edge of phase space: Sudakov suppression exp(—al?)
2. But hadronic cross sections 1ncrease due to QCD resummation

L e A exp(—In? N
Upartonic,resum(N) S St ( ) —~ p< ) T eXp(—I- 1Il2 N)

P2 (exp(—ln2 N))

N — o0

3. Factorization scale uncertainty smaller in resummation than in fixed
order

Gq/p(N, i) = e (AN N+B)ln pip+... Sterman, Vogelsang

s e = A SR

Tt NE O ea [1112 N —-—(Aln N + B)ln ,up}

16



Threshold resummation

oo = [ a2Cy +alCy }x
e N~
LL,NLL NNLL

exp [{ng (OésLZ+g2(OésLZ+gésg3(OésL) = ]

7

LL NLL NNLL
Kidonakis; Li, Wang, Zhang, Zhu
» Present status 1s NNLL

» Caveat: different thresholds can be used
> e.g. 1. 3 aIn**(s — 4m?) [o(s)]
2 Yol (s — 4(m?+ 53))  [do(s)/dpr]
3. Yot In®(s — 4(m?* + p}) coshy)  [d*o(s)/dprdy]

» L = In(threshold condition). The two calculations use slightly different
versions of 3. Small approximate NNLO effects in t-channel.

» For Wt channel, another 14% on top of NLO

16



Single top and b-quark density

- ) - - Campbell, Frederix, Maltoni, Tramontano
» Only if one calculates with 5 dynamical/active partons

» 1.e. contribute to evolution of PDF’s in DGLAP equation, and in .

L.O NE part of NLO

anti-b

anti-b

» NLO corrections to this proess in 4FF scheme computed
» Both are legal, equal to suftficiently high order. Obvious differences
» order in perturbation theory, easier to reach NLO in 5-flavor scheme

» at [LO, predictions for “spectator” anti-b distribution
1%



b-density

» Extracting b-density from single top important for high-scale LHC processes
» bb -> Higgs tests, high-pT jets, etc
» must be done at NLO for use in modern applications

» In practice, this would be done by adding it to a global analysis data set

ABKMO09, JR09

v

There 1s a more “theoretical way” to determine b-density

» Determine, from global fits, a 4-flavor set of (MSbar) PDF'’s

u® J@ @ @) @)

» g
» Choose a matching scale (e.g. mp), and use (NNLO) matching conditions

p®) |,u=’mb = (u(4)7 d(4), = -)|,u=mb7 etc Buza, Matouine, Smith, van Neerven
» Then use 5-flavor DGLAP to evolve to scales above my,

» Comparison will be interesting

18



Campbell, Frederix, Maltoni, Tramontano

4 vs b tlavor scheme

ol (t +1) 2 — 2 (pb) 2 — 3 (pb)
0.05 +0.20 +0.06 +0.05 0.16 40.18 40.06 +0.04
Tevatron Run 11 1.96 J—r0.01 1_0.16 J—r0.06 J—r0.05 1.87 j—Lo.21 j—Lo.15 fo.06 j—Lo.04
I PR s Bl e T e el e
BRI I ey o e s i Culean e

Scale PDF m: mj

» At NLO, satistying agreement, better at high energy
» Careful analysis shows
» 2-> 3 factorizes into “collinear logarithm” x reduced cross section

» “collinear logarithm” large at large x, so less important for higher

collision energy Maltoni, Ridolfi, Ubiali

tmax ~4F ) 2 . T 2 5 M2—|—Q2 2 1—2,’2
/ dtdaQ = 355 Cr 2° + (1 — 2) log Q (2)7 Q%(z) = M(2 ; — ) 2( )
e e e T (1-0@ =

19



Distributions in t-channel, 4F vs 5F

S
[ dashed: do®*?/dn
- solid: do®*3/dn

0.15 F normalized

0.20

0.10
0.05

Tevatron
LHC

L A
dashed: do?*3/dp,

solid: do?®*3/dp,
normalized

40 60
Py(t) (GeV)

Campbell, Frederix, Maltoni, Tramontano

DL
_dashed: do?*3/dn

solid: do®*3/dn
normalized

———
light jet ]

Tevatron
1 LHC ]

n(j)

e dashed do/any

[ light je ashed: do***/dp, ]

0.020 ¢ - solid: da'z"a/dp'.f. ;

S 3 normalized ]

0.010 F

0.005 _ Tevatron

LHC ]

[ | N | | PR | —

]:'6 - T _I L e i _.._' | 4"_5'

813- o A e E
) 20 40 60 80 100
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» Also for distributions, good agreement

» about 10% devilations

» Even for anti-bottom (only at tree-level in 5F NLO) in fairly good

agreement (max 20%)
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Single top plus bosons: t+Z,h

o e

2 signiﬁcant gauge cancellations

» some sensitivity to t-Z coupling

il

» very small cross section (few tb), much
destructive interference between radiation off

W and oft top.

e

o[fb]

o[fb]

10. T l I I T I T l T l T | T l I |4
t—channel single top production in lowest order 3
5 t—jet |
10 t-jet 3
10* —=
10° =
tZ—jet=
. tZ-jet]
107 =
tH—jet3
tH-jet
10" =
1 1 I | I l | 1 I 1 I | I 1 I .

7 8 9 10 11 12 13 14 15

Vs[TeV]

1000 E T T T 1T " T " T "T "T "T "1 " 13

E t—channel single top+H production in lowest order E

300 - ]

i _— &em Only ]

e gun ONLY

100} i oy

= gun only 3

: t+H ]

= t+H -

DY SRS SN TN TR (N SN NI R
7 8 9 10 11 12 13 14 15 16

Vs[TeV]

Ellis@Top2012
Barger, McKaskey, Shaughnessy
Maltoni, Stelzer, Willenbrock



Wt-channel at NLO 1 }—{

Among real corrections:

+ non-resonant diagrams

Interference with pair production (15 times bigger at 14 TeV)
p In earlier calculations, subtract in calculation/cut on invariant mass

p Important cut: veto hard second b-jet suppress tt

p All NLO processes in MCFM

Campbell, Ellis, Tramontano

Address in context of NLO + parton shower
Frixione, EL, Motylinski, Webber, White

22



Matching NLO to parton showers

» Issue: double counting
» emission from NLO and PS, should be counted once
» virtual part of NLO and Sudakov form factor should not overlap

» some freedom in this: -
Frixione, Webber; Nason

» MC@NLO matches to HERWIG(++) angular ordered showers (PYTHIA

initial state).
Nason; Frixione, Oleari

» POWHEG insists on having positive weights, exponentiates complete real

matrix element (PYTHIA or HERWIG) 100,
» Automatization: POWHEG Box, aMC@NLO s

0.20

stable top—antitop pair

o (pb/bin)
VS = 1.960 TeV
solid: POWHEG

0.10 ¢ dashed: MC@NLO

For most observables, good agreement 0,05

(more anon..) 902

0 20 40 60 80 100

23



s&t channel in MC@NLO & POWHEG

» Very good agreement

» pT of top in t-channel

» summed pT of all partice in hardest jet

24

Frixione, EL, Motylinski, Webber 05
Alioli, Nason, Oleari, Re '09

do/dp; [pb/GeV]

2.00 ——————
1.00 | pp, VS=14 TeV _|
) t-channel
0.50 ~
0.20- dashes: NLO
Lol dots: MCONLO
" solid: POWHEG _
T s e e
0 50 100 150 200
t
(a) pr [GeV]
S s i parn s e N s e e e
500 * ly;i] = O frame - o
P 18§
| 1<
| o)
[ o
10.0 - {178
5.03— e
i 1%’
b o
| B
1.0 ! { &
1 1 <
0.5 B 1=
e (v e e

0.0 2.5 .5.0. = .7‘5 10.0 12.5 15.0
(d) pr! [GeV]



Single top iIn Wt mode meets tt..

Frixione, EL, Motylinski, Webber, White

+ non-resonant diagrams

Serious interference with pair production (same problem in Ht)
p What can one do 1n event generation? Prototypical for other cases.
p Can one actually define this process?

p Important cut: veto hard second b-jet suppress tt

)



Can we define Wt as a process?

Frixione, EL, Motylinski, Webber, White
Two approaches in MC@NLO (now also in POWHEG (Re))

Momentum reshufling

} [. Remove resonant diagrams (DR) /

} II. Construct a gauge invariant, logal counterterm: diagram

subtraction (DS) BW (M A% )

- Atf 2
g9 BW(Mt) ‘

gg lreshuffled

} DS - DR is measure of interferenc

(2) S —
o +3 | 522 L (Sua+ Zaa + Daa = Das) s

T
Compare = -
go.'_ 10_2 —— Diagram Removal —
3 -
} Interference effects quite smaﬂ, 1n general 3 — Dlagram Sublraction

p Next question: can one 1solate Wt? -

1 0-4 E o.ou‘z:: . . . E 4
Covo b v b v b v v b v o b b o b v by g 07
26 0 20 40 60 80 100 120 140 160 180 390



DR vs DS

MC@NLO NLO

SOR) | o(08) | 50) | gOR) | ©S) || ;OR) | ;08) | 5(o) | ®R) | f(0S)
CEE i e

34.66 | 33.89 | 26.60 | 1.30 | 1.27 | 35.05 | 34.74 | 34.67 | 1.01 | 1.00
e

41.86 | 40.74 | 31.85 | 1.31 | 1.28 | 39.93 | 39.67 | 34.67 | 1.15 | 1.14
i,

61 4290 38 Ty o A S AT 00 e e 2 k2
el =y GV

45.63 | 43.65 | 34.31 | 1.33 | 1.27 | 44.41 | 42.90 | 34.67 | 1.28 | 1.24
r(rveto)_oo

D i e e B Fo s e S e e o e B e

Influence of interference depends on p1{et® cut

A




Can/should we 1solate Wt?

- . White, Frixione, EL, Maltoni
» Answer sub)ect to cuts. Some choices:

» Cuts to isolate Wt
» Cuts to suppréss Wt and tt as background to H->WW

» Conclusion:

» Yes, can consider $eparate NLO corrections for tt (70%N\and for Wt (40%)

ep 1 oun/pb owr/pb oz/pb

10 134 1. 2&/#0 0391 1;3/3*{0 02T g 6t1t40 7% Process onLo/fb

06 | 30 |O. 717+8 036 0. 696+8 028 4, 29+8 1 A= WW 81804
| 881 | 0o0i8% | 1200te (1225 & 03

0.6 | 200 | 0.748T7go;7 | 0.7267 007 | 4.367025 Wt (DR) | 6.91 £ 0.06

0.4 | 300 |O. 50515 §§§ 0. 4943 §§§ 3. 31:§ ‘3“;’ Wt (DS) | 6.89 + 0.07
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POWHEG and MC@NLO: Wt case

0.20

5.00
&
Q 0.10 1'°°§ g‘
S 0.50 _E
‘8, 0.07 [ 18
n | =
Ly .00 0.10F =€
> 0.05F solid: POWHEG o
<  0.03
pp, VS=10 TeV dashes: MC@NLO
S o P AT o 1o = o= | | | |
aens() 50 100 150 200 . —4 -2 0 2 4
t W
pr [GeV] 7
o S i o o S R (1 11| b P st i o £
= 1.000} : '
() C
5 0.500F
-
L0
e
£ 0.100F
<& 0.050
0, [
o k
g
b
© o.010f _ = .
0005 — o Lo o v 11, P R S Cove VLA ed PP S 3
0 50 : )100 150 200 () 1 2 3
tW
Pr [GeV] Ad: w

» Very close
» Note difference with NLO due to PS
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Production and decay interferences

<

Usually separated through the

1l

NW A

! = A )

< iK

non-resonant

mI

b neglects non-resonant diagrams

NWA 1n single top (except s-channel) pretty good... van der Heide, EL. Phat, Weinzierl 00

=_§(p% — m?) + O(T'/m)

LHC Tt Im,i — my| < 20 GeV | narrow width
Wgq | 4.6 £0.2pb 45+ 0.4 pb 46+01pb
Wb | 13.1 £ 0.3 pb 13.0 = 0.4 pb 13.3 % 0.1 pb

4@ | 635 £19 b 170+ 16 132141

... for inclusive quantities at tree level.

row width approximation

Distributions? NLO? Can use eftective field theory approach

30

Falgari, Giannuzzi, Mellor, Signer
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Eftective FT approach to non-resonance

Beneke, Chapovsky, Signer, Zanderighi

2_m2 q ~mx /

Using small parameter

separate full process 1nto

» hard: q? = m?, factorizable correction e N
» soft: g? =m? &% non-factorizable, interference
» using method of regions \(<

Compute corrections to
NiNy — JyJie™ Br + X t-channel
NiN; — JyJge" Er + X s-channel
Gauge invariant method

» (would be interesting to compare with
complex-mass scheme)

sl



do/dminy [pb/GeV]

Distributions

i

—12F

Invariant mass distribution, LHC 7

Tevatron

LO

t-channel

120

160
Miny (tOp) [GCV]

180

L Tevatron
=G LO
S
(D)
St
i I
=ik
|
ho)
_12,
| s-channel
200 120 140 160 180 200

minv(top) [GCV]

Non-factorizable corrections change sign around peak

Oft-shell effects large close to peak

® [argely cancels for inclusive cross section, as in tT

pp — JyJieTBr + X ET NWA
LO[pb] | 3.460(1)%52% | 3.505(1)

NLO[pb] | 1.609(6)5:3% | 1.642(1)

pp — JyJzet Br + X ET NWA
LO[pb] | 0.1654(1)*355% | 0.1677(1)
NLO[pb] | 0.1618(4) 139521 | 0.1635(1)

T

Bevilacqua, Czakon, v. Hameren,
Papadopoulos, Worek
Denner, Dittmaier, Kallweit, Pozzorini

Falgari, Giannuzzi, Mellor, Signer



Top quark spin

» et us now assume we can somehow polarize the top quark sample.
Can we detect the top quark spin?

» Full decay

l, q
w* _
< qu
t —.
b

» Take the top spin vector conveniently along the z-axis
5, z

~
-
~
-

%

- 5 ©)
== - I"r

(A) Spin axis - products

(B) et momentum
decomposition

Angular distribution of charged lepton for spin-up top

e
== —(1 0
I'r d(cosfy) 2( G

33

(¢) Top quark rest frame




Polarized top decay

» For f = charged lepton: c=1 = 100% correlation !
» Top self-analyzes its spin

» Charged leptons easy to measure, good handle on
dln Ff 1

top spin deosx; SRR
i
» 1f they can be produced 1n a polarized fashion
]_.O | | e | | | ¥ L == (04 — 1.00
i | | e
» single top production does so! e _
08| =
§ B Total
S o6 -
“ . . = - = ~7 Qong = 0.£
» Note: charged 1epton has larger spln-analyzmg % =z e
99 . : __ - — W-Long. __
power’ than its parent W/ el e :
SO -
» Reason: for this distribution intermediate A = 0 g | W—|L_eft_ S
and A = - amplitudes interference. e R B e
t
cos X

» If decay can take place via intermediate charged
Higgs, the distribution would change..
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Spin correlations

A process with an intermediate “resonant” particle P (e.g. W, Z, top..) reads

G el = Pl g el R C
has “production” spin/angular correlations if it depends on di.a, di.b or di. X

Let P be an intermediate W, which will be nearly on-shell. We can approximate
the intermediate W propagator through the Narrow Width approximation

1 T
> P e
(q2 g m%/)Q it (mVFV)2 mvrv ( V)

Resulting expression

Z \A\2 =Sy ZM)\,O)\)\/M;/ ) (q2 — m%/)

spin

with pyx the spin-density matrix for W-decay. Can do this also for top decay.

Can now include QCD corrections to production and decay separately

Campbell, Ellis, Tramontano
Schweinhorst, Yuan, Mueller, Cao, Heim

Can include decay with spin correlations (halt-NLO, no loops in decay) a
posteriori in MC@NLOQO, by reweighting according to full tree level

Frixione, EL, Motylinski, Webber
55



Production and decay at NLO

do/dHy [fb/GeV]

L i v o o el A O 7 A e A o e e s
e Vs=1.96TeV, MRST2002 4 — Vs=1.96TeV, MRSTR002 -
--—- s—channel (w/o radiation) — ---- t—channel (w/o radiation)
e s—channel (with radiation) | i t—channel (with radiationz

)
& S
S
e
b
T
- - |Campbell, Ellis, Tramontano
e s o P ey 0 oo bbb Lo ISchweinhorst, Yuan, Mueller, Cao, Heim
900 200 300 400 500 —2 —1 0 i 2
Hy [GeV] Qn

Little effect of radiation on shape, for rate a little more
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Spin correlations for single top in MC@NLO

Frixione, EL, Motylinski, Webber
» Top 1s produced polarized by EW interaction ai s /
» 100% correlation between top spin and charged lepton direction

» Angle of lepton with appropriate axis 1s ditferent per channel
» Method included “a posteriori”. Now also used in POWHEG

Aioli, Nason, Oleari, Re
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| : | . H ! ; 4 : . 3 . : ) ' _ 0.006 [ T T T T T T T | T T T T
0.0020 — = - t/t at Tevatron
- t at Tevatron 7 B
S 0.005 = MC@NLO .
0.0015 i E--I'"""'..--,__l"'--._,__:" P " : :h: ___ E SOIid: Spin corr on Hardest, non-b Jet
o s T 2 puli s A STl SIS E DI IR O LI GIL
fe . T s &
» » & [ ~ A Ee-6-6 3| o] [Vl LSS S RS < [ 1, O R S = e e
Beam direction 3., = 4] oo |
§ [ MC@NLO O: t—channel || & K
[ Solid: spin corr on O: s—channel [] o 02 L O: t—channel ]
0.0005 — Dashes: spin corr off L - E - O: s—channel
[ ] 0.001 e
L PRI A=R=R= NP SRR SooEaaaaEaoaaaEeEaaEEEEs
=======--- 1 1 1 1 | 1 1 1 1 | i
el -0.5 0 0.5 1 SAC -0.5 0 0.5 1
cosy cos6

Robust correlation in NLO event generation

spin-space correlation
works both ways
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MC@NILO: Ht

Frixione, Herquet, Klasen, EL, Plehn, Stavenga, Weydert, White

» To calculate, very similar to Wt

» but tT interference problem only 1f My, < Mt
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» also: Yukawa coupling and renormalization
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Azimuthal distributions and BSM tests

» Angular distributions (and others) can be selective

probes of new physics

» Rely on nearly 100% correlation of decay- lepton

with top spin

» If, e.g., Z' polarizes the tops, can use distribution in
azimuthal angle of lepton (wrt. beam-top plane) to

study dynamics

» Enhance sensitivity by judicious cuts on pr of top

» Construct asymmetry

T og(cos¢;) > 0) — a(cos ;) < 0)

o(cos ;) > 0) 4+ a(cos¢;) < 0)

» MC@NILO and MadEvent

» Discriminates Ht and Wt, and sensitive to

parameters

» Robust under HO corrections
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Conclusions

» Single top has 1t all:

» top, EW scale, spin, flavor
» Measurements bedeviled by tough background, require multi-variate methods
» Theoretical descriptions and tools good

» more precise checking of single top behavior imminent
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