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OUTLINE

| 1 Sewi-leptonic top quark decay. Methods to measure the top
quark polarization
1] New physics interpretations of the top quark rapidity

asywwetry at the Tevatron -- what, in addition, do we learn
from the decay lepton asymmetry

¢ _ N(geye>0) — N(geye <0)

AL =
"B N(geye > 0) + N(gey, <0)

71 Models (axigluon model and right-handed W’ model) and the
decay lepton asymwmetry

Implications for the LHC: same sign top pairs; rapidity
- asymwetry

Models with dark matter candidates -- added information
. from top quark polarization
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Top quark: most massive of the SM
® |large mass - 173 GeV ~VEV (246GeV) Y.~ O(l)

® | arge mass suggests sensitivity to symmetry breaking
and BSM effects

® Experiment -- Tevatron deviation from SM expectations
of the F/B rapidity asymmetry for top

® Various models of new physics proposed to interpret
the asymmetry data (e.g,WV’, Z, ...) invoke right-handed
couplings of the top quark

® Other new physics schemes -- unrelated to the
asymmetry -- also favor right-handed couplings; valuable

to
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Top quark

® |large mass - 173 GeV ~VEV (246GeV) Y~ O(l)
® Short lifetime:

W
Top ¥ 35 2 >

1 1 1 i
i — hadronization
My B Aqcp
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® “bare” quark : spin info

retained among decay
products in (V-A) interaction
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TW0 METHOPS T0 MEASUKE T 0P POLAKIZATION

A. Lep’ron anqular dls’mbunon in ’rop quark rest frame —-
maximally correlated with the top quark spin orientation.
b

{
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Method requires full reconstruction of the top quark
kinematics, e.g., with MT2 wmethod

B. Lepton momentuwm distribution -- useful for more
complex final states, e.q., when wmissing energy from dark |
matter candidates is presen’r (arXiv12071101) 9

——— . = = = - -

f Ed Bel’qel’ Argonne‘)

AAAAAAAAAAAAAAAAAA


http://arxiv.org/abs/1207.1101
http://arxiv.org/abs/1207.1101

® |n the top-quark rest frame

o
e i coston B B
[dcosbine 2 [

A+ = + right-handed
As = — left-handed
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I1. Top quark lorward-
backward asymmetry




Top-quark F-B asymmetry in the SM

® A charge asymmetry arises at NLO
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Top quarks are produced along the direction of the incoming quark

N,(y>0)- N, (v > 0)
N,(y>0)+ N, (v >0)

AP = = 0.051(6)

N(Ay >0)- N(Ay <0)
N(Ay >0)+ N(Ay < 0)

A" = =0.0789) Ay=y, -y,




T 0P AFB FROM T EVATRON

COF collaboraflon (CPF Note 10807)

CDF Run II Preliminary L = 8.7 fb™*

Parton Level NLO (QCD+EW) tt 5.3 fb~" 8.7 fb~"
| Ay ArB Arp (E|stat.+syst.]) Arp (+[stat.+syst.])
Inclusive 0.066 0.158 4+ 0.074 0.162 + 0.047
< 1.0 0.043 0.026 &= 0.118 0.088 &= 0.047
> 1.0 0.139 0.611 4= 0.256 0.433 = 0.109
Parton Level NLO (QCD+EW) tt 5.3 fb~" 8.7 fb~"
Mz ArB Arp (E|[stat.+syst.]) Arp (+[stat.+syst.])
< 450GeV /c” 0.047 -0.116 + 0.153 0.078 4+ 0.054
> 450GeV /¢ 0.100 0.475 £+ 0.112 0.296 + 0.067

After the increase in luminosity, the discrepancy from the
SM prediction is still nearly 3o
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At and Some NP models

Frampton, Shu,Wang
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| MORE INSIOHT NTO THESE MOPELS) FROM TEVATRON?

PO collaboration measured the lepton charge asymwmetry
SM: AL, =0.051+0.001 PO A%, =0.196 £ 0.065

A% = 0.021 £ 0.001 A%y = 0.152 4 0.040
A£ 14

LB~ 40% Af’ £~ 75%
AFB AFB

Theoretically - for the same top quark momentum
distribution, a left-handed top quark and a right-handed top
quark leads to a different lepton charge asymmetry

How can we relate AFB(lepton) and AFB(top)? Show here that
AFB(lepton) provides independent insight into new physics

models m[
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From top AKB to lepton AkB



Top Levromc VEOAY

If we know ’rhe momentum and spin direction of ’rhe top
quark, what is the probability that the decay lepton is in
the forward (backward) region in the laboratory frame?

Pt ?
(975@ (91% ?f
?
v
Backward ‘/ Forward
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Top chromc VEOAY

Kecall - in fhe top quark rest frame

?t —

0, P

~

dl’ - 1+ cosb,
I'dcosf, 2

In the helicity basis, the momentuwm direction of the
lepton from a left(right)-handed top quark is opposl’re
(same) as the top quark spin direction - ~

K=

0.3
0.2}
0.1
0-7\ L1

T o. 9; -

dl I + At cos Ol S gos (a)\\ .

— 2 0.7 E

I'd cos O}, 2 S5 *
~ 0.5° E

A\, = +1 — positive helicity, right-handed 04"

A\ = —1 — negative helicity, left-handed
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Charged lepton distribution

® When the top quark is boosted along the spin
direction, the angular distribution becomes

dl - 1 —Bcosby + A (cos by — B)
['d cos 04y 2~2 (1 — B cos 6’,%)3

=
2]
O
S
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A% 5 dependence on top kinematics

® Probability that the decay lepton is in the forward
region of detector for a top-quark ( 3, Yt , A\y) is

encoded in an analytic expression arXiv:1201.1790
PRPPALE:
" 14 14

Nz + Np i

@ i)

R%’ *: (E? yt)



http://arxiv.org/abs/1201.1790
http://arxiv.org/abs/1201.1790
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~ FroM Top AFB 10 LepTON AFD

When we know the top quark AFB and the fmal state
ttbar distribution, how to estimate the lepton AFB?
Convolution of the function R with the top quark
mowmentum spectruwm is required

d?oly. —
Z /Rpﬁyt X=X 45 1 dy,

O\ Z T dBdy;
d20 —
Y [ - r ) S ndy
o\ Z T dBdy;

¢ F B
AFB —ne — Ty

= Z / 2Ry (B,y) — 1] o dB A dy
— s Yt ) t
O\ Z T d dpdy;

= =it g — = = = -
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FrOM Top AFP 10 LEPTON AFB

For the SM, we have equal number of left-handed and
right-handed top quarks in the final state.

The dominant contribution is from the top quarks with
enerqy around 200GeV,

left-handed: 2R¢-1= 0
right-handed: 2R¢-1= (0.8
ALy  0+0.8

~ = 40%
AT
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WHAT 70 WE LEARN FROM DO LEPTON AFB DATA?

The D0 result
PO: AL, =0.196 4+ 0.065
A% p = 0.152 4 0.040

Data require larger 2R¢r-1 than the SM

Two possibilities:

(1) If the contribution to AFB is dominated by the threshold
region, the new physics must produce more right-handed top
quarks

(2) Or the contribution to AFB must be from highly boosted
region. But...

e —— — = — = = ——————
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[II. Two examples o1
New Physics Models



New physics models

NP models are divided into two classes

® s-channel: extra octet vector gluon (axigluon is an example)

Small couplings to the first two generations: dijet constraints at 7 TeV
Large couplings to third generation: to generate large Ars
Heavy resonances: ttbar invariant mass spectrum

Very broad width: to interfere with the SM channel

® t-channel: flavor changing interaction

color singlet: Z’-u-t (¢-u-t)

color sextet or triplet
W’*-d-t (¢p*-d-t)
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Pure pseudo-vector = (a) E
interaction (equal < 16 ! E
left and right tops) 145 L -

2 LEE

. 10— 7

An axigluon 13 o E
produces a swall AL I
increase in the | - (t200gev 1400601 | -

| - = (1400GeV,1600GeV) | ]
Abp =047 x ALy +025 5 [ teeeeseen]e

(). AXIGLUON -

To de’rermme parame’rers require top AFB and ’rhe fotal cross
section fo fit within 1. Compute the correlation between top
and lepton AFB:

L1 | | | | | | | | 0
qO 12 14 16 18 20 22 24 26 28 30
t (o
At (%)
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To deterwmine parameters, require top AFB and the total cross
section fo fit within 10. Cowmpute the correlation between fop
and lepton AFB:

? 20— T i

o~ - ' ]

1% (b) E

Purely right-handed <’ — E
FC interaction F g -
10F -

W’ wmodel produces A E
a large increase in of ' Ejgggzzggzz; -
the lepton AFP. s 50000V 80060Y) |
2 - (800GeV,1000GeV) | —
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SUMMARY ON top AFB and lepton AFP

Owing to the spin correlation in top quark decay, the top AFB
and lepton AFB are strongly positively correlated for right-
handed top quarks.

For left-handed top quarks, the correlation depends on the
energy of the top quark.

Pata from the V0 collaboration show a relatively large
positive correlation.

A wmodel of new physics that predicts more right-handed top
quarks is favored

* lmportant to measure both top and lepton AFB *
 Piys. Rey. Lett. 108, 072002 2012)
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OUTLOOK

The VO expenmen’ral uncer’ram’rv is large |

AE

LB =784 33%
A

FB1DO0

Analysis of more data from the Tevatron could reduce this
uncertainty

What about the LHC?

. Ed Berger



IV. LHC Implications



|

IMPLICATIONS OF MOPELS AT THE LHC?

Sawe sign top pair production
Prediction based on Tevatron analysis; checked by CMS$

Minimal FCNC Z° wmodel is disfavored (PRL 106, 201801,
E Berger, Q-H Cao, C-R Chen, CS Li and Hao Zhang; JHEP08(201 1)
005 CMS collaboration)
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LHC RApipiTY ASYMMETRIES

It is wore difFicult fo measure AFB af the LG
(1) pp collider
(2) gq initial state dominant -- yields no asymwetry

(3) for the qqbar initial state process, an asymwmetry persists,
but its effect is diluted by the large gg contribution

Define LHC asymmetries:

N(ly¢| = |yel > 0) — N(lye| — |yl <0)

Al =
“ N(lyt] — |lyg| > 0) + N(|ye| — |yl <0)

N(lye+| = |lye-| > 0) = N(Jye+| — |ye-| < 0)

AY =
“ 7 N(lyer| = |ye-| > 0) + N(|yer| — |ye-| < 0)

. Ed Berger



LHC KAmmrv Asvmmsnzv DATA

The resul’rs from the ’rwo collabora’rlons are dtfferen’r even n‘
they are consistent within the quoted uncertainties
A% = 0.029 & 0.018(stat.) £ 0.014(syst.)

A% =0.023 £ 0.012(stat.) £ 0.008(syst.)
ATLAS-CONF-2012-057

A% = 0.004 + 0.010(stat.) £ 0.011(syst.)

CMS Collaboration, arXiv: 12070065

AL SM — 0,006, A% SM =0.004 Me@NLo

We can obtain an estimate of AFB (ttbar) at the LHC by
extrapolating from the Tevatron and applying the gg dilution

The LHC value should be about 107 of the Tevatron
ATLAS value agrees wn‘h ’rhe Tevafron asvmme’rrv

\:‘ Ed Berqer



LHC RapIpiTy Asvmmmv VATA

CMS result on AFB (tthar) agrees swith SM no need for NP
ATLAS data exceed SM

A% = 0.029 + 0.018(stat.) £ 0.014(syst.)
A% =0.023 £ 0.012(stat.) £ 0.008(syst.)

ATLAS-CONF-2012-057

A% = 0.004 + 0.010(stat.) £ 0.011(syst.)

CMS Collaboration, arXiv: 12070065

AL SM — 0006, A% SM = 0.004 Mc@nw

We can obtain an estimate of AFB (ttbar) at the LHC by
extrapolating from the Tevatron and applying the gg dilution

The LHC value should be about 107 of the Tevatron
ATLAS value agrees wn‘h ’rhe Teva’rron asvmme’rrv

\;‘ Ed Berqer



V. New Physics Models

with DM candidates

Berger, Qing-Hong Cao, Jianghao Yu, and Hao Zhang,
arXiv:1207.1101

Measuring top-quark polarization
reconstructing top-quark kinematics

Ed Berger



NP signature: Top antitop pair plus MET

® top squark pair production in the MSSM

Ed Berger

Hall, Pinner and Ruderman, 1112.2703

» Light top squark is “preferred” to raise mp to
125 GeV in the maximal mixing scenario.

» Top quark polarization could shed light on
the top squark mixing matrix.

33



Difficulty in NP signature of ttbar plus MET

® Not possible to reconstruct top quark in the leptonic-decay mode.

Angular distribution of the charged-lepton cannot be used.

assume Pz
is known

|0 unknowns

(neutrino from
top decay, 2 DM)
-2 from MET

|

Not enough
constraints

Still possible to measure the top quark polarization

Ed Berger 34



Lepton energy and top quark polarization

*

Ed Berger

E = 250 GeV (1)
= 250 GeV (t,)
= 500 GeV (z,)

4
4
4
4

E = 500 GeV (t,)
E = 1000 GeV (t,)
E = 1000 GeV (t,)

35



conclusion



Summary

® TJop-quark polarization provides richer insight into BSM
physics

® |Lepton AFB and top AFB are connected by the top quark
and charged lepton spin correlation; DO data suggest BSM
with right-handed couplings. Data need confirmation

e | HC CMS data on the asymmetry show evidence of tension
W|th the Teyatron |ntlependent of models but ATLAS data

L, 7, gl e gt G D (A Ry
g LPNED el 5 3 f > 3, , S , " £y NN
sl e "b“( R -‘:_-; ey 5 o g K 3 U’ 5 E 'S‘ J,. - 3 ‘. . Jot b g i
A g e T “"'7‘; "f'f‘u v‘ ’ 1 f* =¥ o \' ‘/ ¥ <l K f.? T al a ) 4 “f YA ‘ | 4= g’ 'l\'."l.n B :n. ‘? e 6-* = "J\'v | 'A - «‘. N -{”" * .37’(“'.:' s « ‘Y' .'l e ‘.- ‘_‘._.Q, .A.,; ‘ it -_,- "-'7‘::.‘-'," \.-. ',.jf‘ AT , g ined 0 S (U
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Full kinematic reconstruction

* Four unknowns and four on-shell conditions

i 6 unknowns
-2 from MET

D ; :
My, = (Pur + Pra )’ Q;lartlc e?gatlc?lj | )

2 correct I-b pairing is necessar
mWQ TR (p,uz _I_pl/z) : ’ P 2g y

2 2 Px(1) + a py(v1) + b pe(v1) + ¢ pz(v1) +d =0
Ll (pwl gl pbl) .

9 2 Twe comelex two real solutions
L (pWQ T pr)

Ed Berger 39



It is “easy”” to show ...

® After rotation of frames, derive the probabilty that
lepton is in the forward region of the detector for a
top quark top quark with (3, Yt , At ) is

R%’At (67 yt)




Invariant mass spectrum of top quark pair

CDEF, Phys.Rev.Lett. 102 (2009) 222003
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¢ ¢
A%nr versus Arp

Forward-Backward Top Asymmetry, %
Reconstruction Level
m < 450 GeV

6
DD, 5.41b" /.834.8

[+jets

——
CDF,5.31b"

m. > 450 GeV

. S
D@, 5.41b"

CDF,5.31b"

DO: A% r = 0.196 & 0.065
A% 5 = 0.152 + 0.040

SM: A%’B = ()09 l==0).001
A% = 0.021 £+ 0.001

SM

Bernreuther, Zong-Guo Si, arXiv:1003.3926



T WO EXAMPLES (I)  AXIGLUON

The m’reracflon of ’rhe axlgluon is chosen to be

L =g, (007" 759 + gnQY" Q) G,

Sowme properties of axigluon model

(1) Interference term (INT) gives top AFB o -gig, does not

change the total xsec

(2) Should be heavy to satisfy the ttbar invariant mass
spectrum and total cross section

(3) Pure new physics contribution (NP) is suppressed by
the propagator

(4) Equal number of left-handed and right-handed top
quarks in final state from this new physics

. Ed Berger Argonne‘)
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TWO ExampLes (11). W’

————

The m’reracflon of ’rhe pure ngh’r—handed W is chosen to
be

L = ggchH“PRtW/; + h.c.

Sowe properties of W’ model

(1) Both interference term and pure new physics term
confribute to the AFB

(2) There is a cancellation between the contribution to
the ttbar total cross section from interference term and
pure new physics term

(3) More right-handed top quarks in final state

' Ed Berger Argonne‘)
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Axigluon: s-channel

® Purely pesudo-vector coupling

L= (manlocgdgs OulacQlOl

® Best-fit

Ao DdZ o Al ot 09597

“| = (800GeV,1000GeV)
- (1000GeV,1200GeV)
(1200GeV,1400GeV)

»  (1400GeV,1600GeV)
(1600GeV,2500GeV)

qO 12 14 16 18 20 22 24 26 28 30

At (%)




FC W-prime: t-channel

® Purely right-handed flavor changing interaction

I gzgRJ’yuPRtWé + h.c.

Ptr > Ptr
® Best-fit

A%"B ~ 075 > A%B o 21% ; (200GeV,400GeV)

(400GeV,600GeV)

(600GeV,800GeV)
- (800GeV,1000GeV)

12 14 16 18 20 22 24 26 28 30

AL (%)




