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ToEics in This Talk

» Forward-backward /charge asymmetry
> Top spin effects (Top-antitop spin correlations)
» Flavor Changing Neutral Currents

» Anomalous couplings, CP violation, rare decays (not
covered - waiting higher statistics)
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Forward-backward / charge asymmetry

in tt-bar ir'oduc’rion
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Forward-backward / charﬂe aszmme’rrz in tT-bar

PP collisions (Tevatron experiments):

FB asymmetry: N(t— p): tin p direction vs N(t— p): tin P direction
Charge asymmetry: N(t— p) vs N(T — p)

LO strong interaction processes+3 —>Q+Q and g+g—>Q+Q : no AFB!
AFB: interference of amplitudes with the same initial final state particles.
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(c) (d)
v' Interference of final-state (a) with Charge asymmetry through flavor
initial-state (b) gluon radiation amplitude .y itation in quark-gluon interac*ion
v Interference of the box (c) with Born (small contribution)

diagram (d)
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Forward-backward aszmme’rrz in t1-bar Eroduc’rion

The dependence of the SM asymmetry on QCD radiation is strong:

q 2

>. Gaaaaao /F - + >¢ﬁ 2t :':‘f\ — N€9Cl‘|'ive GSYmme'l'r‘y
: Q L 5 In reality both are

@ ©) Contribution ~as infinite and cannot be
,,,,,,,,, treated independently

J + >/“““< = Positive asymme’rry

............

(c) (d)

Non negligible contribution from to tT AFB comes from EW processes
(~20% of QCD, Hollik and Pagani, arXiv.1107.2606v1):

t 7 i
4 /
Purely electroweak processes — s mf\f\ é’"g’” ¥
q
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AFB in tt-bar Eroduc‘rion: gED-gCD inferference

QED - QCD interference at O(aéa): from qg —tt,qq —tig, qq —>tty
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. « S, 8 - q .
9 gy |t a1 % T N AV “~ el
PRI T ! Tt / t
“q . . - » ¢ S g —— e - & /}"\ q q
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Real photon emission from gluon exchange

Interference tree-level and box diag.

Hollik, Pagani: R - o=k A) _ (0,100, 0.220, 0.254) {;72” 2

ofedaole”) = TN

i i
Question: can >ww< and >J-;M< interfere?
i q
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AFB formulae, gg-bar rest frame
-

At partonic level: charge asymmetry forward-backward asymmetry
o " N cosé —N_ cosé " A N cosé —N —cosé
ACh (COS@) _ Q( ,\) Q( ,\) AFB (COSH) _ Q( ,\) Q( ,\)
N, (cos@) + Ny (coso) N, (cos@) + N, (—cos0)

O= Angle of Q (=t,b) quark production angle in qg rest frame

N (cos é) = do-/ d.2(cos é)
Integrated charge/FB asymmetry:

Assuming CP conservation: A A

A A A A ~ N 2 - N ~ 2
Ng(Cos@)=N,(-cos8) = A=A, A= Q(COSQA ) Q(COSQA )
N, (cos@ 2 0) + N5 (coséd > 0)

zu:

SM prediction for tt AFB
(qq rest frame):

v'Integrated A ; ~ 6-8.5%

v Differential Ag:
maximum at cosO = +1

PhysRev D59 054017(1999)

A (cos 8) (%)

V8 (GeV)
V4
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AFB in bb-bar at Tevatron
e
Using rapidity instead of cos@ for AFB (diff. and integral) in PP rest frame one gets:

N(yt)_N(_yt) AF — N(yt>0)_N(yt<O)
N(y)+N(-y,) ° N(y,>0)+N(y,<0)

A (V)=

Charge asymmetry is got by: N(-y,) = N(y;) (CP conservation: N(-y,)= N(y;) )

Assuming CPC the AFB can be expressed through variable 4y, =y, —y: (is the
same in both pp andtt rest frame.

t-quark production angle, 6, in tt rest frame vs. 4y, :
Ay, =2tanh™(Bcosd), B = \/1— 4mfop/§

The asymmetry ( integral and differential):

A,t:t_ — N(Ayt>0)_N(Ayt<O)
® N(4y,>0)+N(4y,<0)’

— N(Ayt)_ N(_Ayt)
N(Ayt)+ N(_Ayt)

AL (4y,)

25-Jul-12 S. Tokar, top quark physics, HASCO 2012 8



Eerr'imen’ral results on ToE AFB

A reconstructed in lepton+jets and dilepton channel

. = A;, of the Top Quark
I + EI' + 4J 2 + 2 1btag % tt [] v. Anrens et. al., July 2011
arxiv:1106.6051v1 (2011)
. . (** submitted to a journal)
¢ JCT parTon mGTCh Gnd pZ(V) SOIUT|On - I:Igﬁkﬁ?:lgg?gdags?;&a%i, (* preliminary)
using simple constraints and
* S'Qn Of Iepfon — Char'ge Of Top CDF LJ ——a 0.158 £ 0.074 (+0.072£0.017)
(5317
v measured a M,, and Ay dependent Ay in
Tt system CDF DIL* e
v Corrected the M, and Ay spectra to oy
derive parton level Acg, Ag(Ay), Ag(My)
CDF combined® —@— 0201+ 0.067 (+0.065+0.018)
v Strong dependence on M, ot o
DO LJ* —@— 0196+ 0060 *J512
(5417
M, <450 GeV/c2 ~ 7.6+4.38 —22£43 2531 | | | | |
M, = 450 GeV/ic2  11.5+6.0 26.6 £ 6.2 198+43 O 020 g2 040008
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Charge Aszmme’rrz

v LHC: tt produced mainly in gg —tt events and an asymmetry can be
seen only inqg —tt and qg — ttq = Agp is strongly diluted!

v' Charge asymmetry: tops preferentially emitted in quark direction.

v Quarks generally carry a larger momentum fraction of the proton than
antiquarks, tops tend to be more forward than antitops in the lab frame

_N(Aly|>0)-N(aly|<0)

~ N(Aly>0])+N(A]y|<0) where A[y|=]y,|—|y¢|

ATLAS: 7 TeV, L = 1.04fb!, lepton+jet channel, 2 bins of m;
MC@NLO used to model tt events - prediction: A-=0.06 #0.02

Standard L+jets selection: 1 high p+ iso.lepton (e/p), >4 jets +1b-tagged,
e: F >35GeVand m (W)>25GeV, U. B >20GeV and B, +m. (W)>60GeV

Aly| distribution is unfolded: MC is used to correct this distribution to

parton level
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Unfolded AM distribution

Charge asymmetry results

Ac reconstructed detector and acceptance unfolded
€ -0.034 £ 0.019 (stat.) £ 0.010 (syst.) | -0.047 &+ 0.045 (stat.) £ 0.028 (syst.)
Z0.010 & 0.015 (stat.) & 0.008 (syst.) | -0.002 & 0.036 (stat.) & 0.023 (syst.)

Background subtracted unfolded distribution for e and x channel

Tossbanas | evidmsg tot] A DUV LA NS MO
Tm T Tm 1 Uncertainties:
Statistical +
Systematic
Combined e+ result: A, =-0.018 + 0.028(stat.) + 0.023(syst.)
for m; <450GeV for m. >450GeV
A =-0.053+0.070 £ 0.054 A. =-0.008 +£0.035 + 0.032

Conclusion: a good agreement with MC@NLO, higher statistics needed..
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\op pair spin correla!lons,
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tt sein correlations

Top decays before hadronization = Imprint of tt production spin:
Spin of top is not diluted Angular distributions of top decay
Gluon emission unlike o do AS=0 products

Considered parton reactions: gg,qd>tt+X >bb+4f+X, f=q,lv

Decay of polarized t quark 0, = <( f direction (g, ), top polarisat. vec. §t)

1 dr 1( 14 x.& -6 ) K. = spin-analzyer qualitz of product f
I dcosd, 2 pee K, =K;=-=1, K, =-0.41,

for anti-t decay: ks > —«x;

Most promising: Dilepton I*I- angular distribution

4 d’o _ 1#CK,x €050, CSO, 6, = {(nt intt c.m.s., n,in trest frame )
o dcosé, dcos 4

Where in helicity basis - _ [N( tls) tLtL :I I:N tel) t_L):I
(quantization axis = top [N (t:t:) ] [N tet, ) t_L)]
direction)
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A few comments...
o

O A set of spin-correlation variables (observables) can be defined:

A) (Izt -st)(lzt- .sf),

B) (ﬁ'st)(ﬁ'st_)’ (St 'St‘)’ (ﬁ'st)(ﬁf.st_)—i_(ﬁ'st_)(ﬁt 'St)
ﬁ(l?t) = proton (top quark) moment.

O In addition to ,helicity basis" observable
(A) is used .beam line basis" a combination e
of observables (B) or ,off-diagonal basis" : ey
tané = sqrt(l-ﬂz) tan 6*. Ag o ~ Cfdagonabase
In ttbar frame: g = top velocity and
0* = top f||9h‘|' direction w.r.t. proton S T A AS Simutaton
dl rection. EOS_ _g znmiorre;ared) _

A In dilepton case:
angular difference, A9, in azimuthal plane —

between I* and I is used ok

25-Jul-12 S. Tokar, top quark physics, HASCO 2012 - E-E : 'M')



CMS: tt-bar sEm correlations

Measurement for pp collisions at Vs =7 TeV, L=5fb-!
Dilepton events tt — I"v, 17, bb used (21, 2 b-jets and &, are required)
Background: W/Z+jets (V decays leptonically) and single top quark.

Imprint of spin correlation using:

v angular difference in azimuthal plane between It and I (Ad,,_ =|d, —¢_)
v Angles §' and ¢ of I*and I w.r.t.tand t directions intt rest frame

Spin correlation coefficient: A— X (TT)J’ N (ii)_ N (¢T)_ N (Ti)

Other observables: h (TT)+ 5 (¢¢)+ X (iT)+ N <T¢)
N (B >m/2) N (S <5/2) - (TN S atntisation axis
8~ N(Ad,, >7/2)+N(Ad,, <7r/2)
(cos(@*)xcos:(é’I )> ) (cos(@*)xcos(e )<0)
Aclcz
(cos(@*)xcos(@, )> )+N(cos(9+)xcos(0 )<O)
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CMS: sein correlations results

Main results (helicity basis - quantization axis = top direction):
o =0.24+0.02(stat)+£0.08(syst) vs SM expected

Asymmetry

coefficients:

A, and A, for 2 M, bins

e = 0.31
Reconstructed asymmetries Data Simulation
Apg, nclusive region —0.158 £ 0.010  —0.171 £ 0.002
Agea, Inclusive region —0062 £ 0011 —0.087 £0.002
Ang, My = 450 GeV —0.378 £0.019  —0.384 £ 0.003
Atz My = 450 GeV —0.019 £ 0016  —0.044 £ 0.003
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ATLAS: ’roE sEin correlations

O Measurement for pp collisions at Vs =7 TeV, L=2.1fb!, Dilepton events
Q Standard DIL cuts (21, >2jets (>1b) and . ) + m . >15GeV, ¢ M, £10GeV

O Spin correlation coef. A found via templates applied to A¢ distribution

O Coeficient A is calculated in two bases:
v' the helicity basis _
v" the maximal basis which is optimized for t t production from gg
fusion (P. Uwer, Phys. Lett. B 609, 271 (2005))

0 SR B B B BURL RN WAL RLALS B
c 900F « ATLAS —

D SM d. 1_. . SM _031 SM _044 10/ EJ El:l??a;gM) ]
prediction: Ay =031, A =044 1% err &g~ Ldt = 2.1 fb '

- M single t ]

o0, BSAEETS

diboson

| BGCkgf‘OUﬂd Z/Y"‘JCTS, W"‘\]GTS, S.TOP, Dibosons 6c’(};_-l’ake.'epl‘ons f

- 500 R

Total (non-tt) 7401 55" s00L a— E
tt (MC) 35307330 s000, [ £
Total expected 42701320 200F--- s

Observed 1213 e —
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ATLAS: sEin correlations results

O Measured quantities: Apgicity » Anaximal aNd 5V
Fit of data A¢ distribution fitted also to - Aggy +(1— ) Agye™

=0.40+0.14(stat t
AhellClty (S d )— 0.07 (sys ) fM =1.30+0. 14(Stat)_ 0.22 (Syst)

A . =057+0. O6(stat) o (syst)
SM expectations: A =0.31, =044, =10

TTT7T ‘ TTT7T I TTT7T I TTT7T I TTTT I TTTT I TTT7T I TTT1T I TTTT I TTTT T T ‘ T T T | T T T | T |I T T T T T T T | T T T ‘ T T T ‘ I T T T T : T T T T T I '
: 5 a4 ATLAS
I Ldt=2.1f" ATLAS I Ldt=2.1fb" ! ATLAS I Ldt=2.1fo !
ee .ﬁ% 1.47 +0.40 07 ee —r-—o—-—046+012 028 ee —r'—.—'—'065+017 S
up PN 0.84 +0.32 0% m ——e— 0.26 +0.10 313 L e 0.37£0.14 7013
en L e 1.4020.17°0% eu e 04310057 eu e 062+0077
combination  '—e— 1.3040.14 02 combination i~ 0.40 +0.04 057 combination e 0.57 +0.06 %01
ESM | | | ESN;' | | | I ESM
1111 ‘ 1111 I 1111 I 1111 I 1111 I 1111 I L1l I 1111 I L1l I 1111 — — - S - S 1 —— - - - - I - - - - : I L L L L | - - - - I - -
4050 05 1 15 2 25 3 35 4 02 0 02 04 06 08 1 12 0 0.5 1 1.5
FSM A helicity A aximal

Details - see: arXiv.1203.4081, Phys.Rev.Lett 108.212001(2012)
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I
Flavor Changing Neutral Currents
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FCNC in TOE guark thsics

FCNC couplings tVcand tVu; V=g,v,Z

> Absent at tree-level and highly suppressed in SM:
direct proceses: t—Z+c, »>y+c —>g+c forbiden in SM

>in SM present only through loop contributions

»Observation of top quark FCNC processes =

New Physics!
CDF & LEP2
Present Limits
t — SM two-Higgs | SUSY -
g | 5x10 11 100 102 e
vq | 5x107 13 10-° 10~ BR < 3.2%
Z q ~ 1071 107" 10~ % BR < 18%
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ATLAS FCNC measurement

-
Study performed at Vs = 7 TeV L = 2.1 fb-1, for tt-production events
with 1 tYop quark decaying through t— Zq FCNC (q = u, c) channel

Selected events required to be consistent withtt —Wb Zq where W—ly
Final-state topology: 3 isolated leptons, >2 jets and p; (due to v)

Background 31D 2ID+TL
ZZ and WZ 9.5 + 4.4 1.0 + ¢
ttW and ttZ 0.51 4+ 0.14 0.25 4+ 0.05
tt, W 0.07 4+ 0.02
Z.—I—,]ets 1.7 £+ 0.7 "6 4+ 29
Single top 0.01 4+ 0.01
243 take leptons 0.0 =+ 8:%
Expected background 11.8 + 44 39 4+ 23
Data 5 5
Signal efficiency (0.205 £+ 0.024)% | (0.045 + 0.007)%
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ATLAS FCNC results

Expected and observed Z-boson and top-quark mass distributions for
the FCNC decay hypothesis in the 3ID topology

14—|II|IIII|IIII|IIII|IIII|IIII|—_

> 14r > F 0 | | |
¢ | ATLAS . data ] & [ ATLAS . data i
E\‘H 12__ ---- ff—s WhZq signal—| o ']2_— --—- ff— WhZg signal]

- -1 FIAS 7] —— - T
£ I Ldt=21f" Wz 2 Zdet:Q.’l ' Eldwz ]
o 10k [ ] sm S 10- [ ]ét(sm -
W 3D 0 z+jets N 31D I zejets ]
8 i dibosons 7 8 '_ dibosons ]
L % bkg. uncertainty | - .b.lrg-. uncertainty -
L . 4 L 4
G 5 6~ ]
i % i i i
- T 4_ p—
// IS R S L]
vi N W i 77
- - -_.-'::::'f- ;
N i ——
80 85 90 95 100 105 140 160 180 200 220

m, [GeV] Mg [GeV]

Upper limit on t - Zq branching ratio of BR(t = Zq) <0.73% (95% C. L.)
Details - see: arXiv.1206.0257, subm. to JHEP)
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Conclusions

L LHC is a top quark factory with very rich and interesting
top quark physics

[ It enables very stringent tests of SM - QCD tests,
indirect study of Higgs mass, etc.

 Provides a lot of channels for search of a new physics

[ Precise knowledge of top quark processes is inevitable for
other studies (e.g. Higgs boson studies)

O Stay tunned and look forward to more than 20 fb-! at 8
TeV
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ToE and CP violation

CKM phase — only tiny effect on t-pair
production and decay 0.04

Non SM CP-violating interactions — in prod.
density matrix (R) 2 types CP-odd spin-
momentum correlations:

MG Iep:ron events
I Q1=kt.q+_kt_.lq—
G,., =1"" direction

0.02

K -(s;—sc), Ko-(sixse), kP o f
k, = top direction, p=init. quark direction vor
Examples:
. . . . . 350 400 450 500 550 600 650
*In MSSM fermion-sfermion-neutralino interactions My GeV
— CP violating phases from SUSY breaking terms Bernreuther et al,
- Extended scalar sector — via non-degenerate hep-ph/9812387

heutral Higgs bosons with undefined CP parity.
Coupling of Higgs (o) with top: ~m, (att+i&ty,t)p Can be also employed:
(inSM a,=1,4=0) Asymmetry:

becomes resonant at m, ~2 m, or above 99 = ¢ —> tt  A@Q,)= N, (Q, > O)I\T N, (Q, <0)
Il
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TOE ﬂuark anomalous interactions

Top Xsection known with ~5-7% accuracy )
No top hadrons . Top quark a unique place for

Top decay via pure V-A weak interaction a new physics behind SM
Only one significant decay channel: +>Wb ~

New physics from symmetry breaking at scale A (~1TeV)?

Anomalous gtt couplings: Cross section of qd — tt will have terms for
- anomalous chromomagnetic and chromoelectric dipole moments
* Retrieved from I*l- (top pair decay) observables:

Choi et al, PhysLettB415(1997)67

Anomalous Wtb couplings
- Can be probed in top pair and single top production.

» 4 form factors describe Wtb - two are 3 ( from SM) and 2 to be
analyzed: o2 pee()ine) —Boos et al,EFJC11(1999)473

L(R)2 — 4 w
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