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The top forward-backward asymmetry

t
a 4/ ; Forward-backward asymmetry

At — Ni(cos 0>0)—N;(cos §<0)
FB ™ Ni(cos 6>0)+N;(cos 6<0)

e QCD predicts a small but non-zero asymmetry in gg — tt:

ALY — 0.05 +0.015 ,
— 0.066 + 0.015

e Electroweak corrections increase the asymmetry by a
factor ~ 1.25



The top asymmetry at the Tevatron

e DO, CDF have consistently observed anomalously large
values for ALg at > 20 level

¢ Inclusive measurements...

Forward-Backward Top Asymmetry, %

Production Level
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CDF, 5.3fb™ 15.817.2+1.7
H—e—
DO, 5.4fb" 19.616.072
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Inclusive Agg, unfolded to parton level, compared to theory (Mce@NLO, QCD contributions only) Image by DO.



The top asymmetry at the Tevatron

...and differential

Forward-Backward Top Asymmetry, %

Reconstruction Level
m, < 450 GeV
——
D@, 5.4fb" 7.84.8
——
CDF, 5.3 b -2.2+4.3
m, > 450 GeV
——
D@, 5.4fb™ 11.546.0
—e—
CDF,5.3fb" 26.616.2
S.Frixione and B.R. Webber,
JHEP 06, 029 (2002)
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asymmetry binned by m;

discrepancies in various places in both experiments



The top asymmetry at the Tevatron

e CDF’s observation of large rise in Agg with invariant mass
particularly striking:
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AFg, unfolded to parton level, compared to theory (Powheg plus EW)



e Other top properties — in particular the top cross-section —

The pair production cross-section

are in good agreement with the SM
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e Must explain large asymmetry without significant change to
cross-section
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Strategies to generate large AL,

¢ To successfully explain all top measurements, generate
asymmetry from interference of new physics with SM

M| = [Mgul? +2ReMgy +

e gg is symmetric: must interfere with gg — tt, which
restricts to 2 possibilities:

e s-channel exchange of



Strategies to generate large AL,

e To successfully explain all top measurements, generate
asymmetry from interference of new physics with SM

IMP? = |[Msu|? +2ReMgy +

e gg is symmetric: must interfere with qg — tt, which
restricts to 2 possibilities:

e s-channel exchange of

e f-channel exchange of , several
color structures possible



Model-building: s-channel

e asymmetry —gZ’dgﬁ\/(mG, — 5): to get positive
asymmetry, require or

Heavy axigluons:

e Require flavor
non-universality: flavor
model building o
10 gh=—15¢4
e Are naturally broad: dijet s e
ContaCt interaCtionS 500 - 1000 1500 2000 2500 3000

Mg (GeV)
From Bai, Hewett, Kaplan, Rizzo: fit of purely axial G’ to

Tevatron data



Model-building: s-channel

e asymmetry —gZ’dgﬁ\/(mG/ — 5): to get positive

asymmetry, require or

Light axigluons:

— 5,=039g: [=020M

e Smaller couplings
50 - LoQcp

smaller deviations in tt
spectrum (esp. axial) s
e Can be produced at
Tevatron, so must be .
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From Schmaltz, Tavares: my; for light G4
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e Wide to evade bounds:
new light coloured dofs?



Model-building: t(u)-channel

e t(u)-channel exchange of vectors, scalars: generate
asymmetry from kinematics

¢ right magnitude for asymmetry requires

-
e Vectors: W', Z' 20 / e

e Generally: easiest to fit

)

Sy

steep m;; dependence =

« Deviations in tails as Ss
Cancellation breakS down 0.00 002 004 006 008 0.10 012 0.14

ax

From Jung, Murayama, Pierce, Wells: Z’ parameters



Model-building: t(u)-channel

e t(u)-channel exchange of vectors, scalars: generate
asymmetry from kinematics

¢ right magnitude for asymmetry requires

102 [T T T 3
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From Jung, Murayama, Pierce, Wells: differential

cancellation breaks down

cross-section



Model-building: t(u)-channel
e t(u)-channel exchange of vectors, scalars: generate

asymmetry from kinematics

¢ right magnitude for asymmetry requires large
flavor-off-diagonal couplings

Scalars: (6,1)4/3,
(1 5 2)1/2,... (Shu, Tait, Wang; Grinstein,

Kagan, Trott, Zupan; Ligeti, Schmaltz, Tavares A_AM=0.142 Triplet

08 Sextet

o(pp—» h(pb)

Blum, Hochberg, Nir)

Easier to make contact ~ ~
with SM flavour structure M [ mrssassosiane
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Generally require larger e e
COUpIingS tO rea"ze same From Shu, Tait, Wang: parameters for a sextet
asymmetries



The verdict from 5 fb~' at the LHC?



The verdict from 5 fb~' at the LHC?

Almost all of these models are dead.



LHC constraints: same-sign tops

e Same-sign tops: what happens when self-conjugate
t(u)-channel mediators meet a pp collider

e Very low standard model background enables stringent

|ImItS (Jung, Murayama, Pierce et al.; Berger, Cao, Chen, et al.)
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From Berger et al.: LHC dimuon event rate contours at 1 fo—'



LHC constraints: same-sign tops

e Same-sign tops: what happens when self-conjugate
t(u)-channel mediators meet a pp collider

e Very low standard model background enables stringent

I|m|tS (Jung, Murayama, Pierce et al.; Berger, Cao, Chen, et al.)
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CMS L, =35pb™\s=7TeV
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CMS, arxiv:1106.2142: exclusions with 35 pb*1



LHC constraints: charge asymmetry in single top

e if t-mediator couples to u, d,asin b\ t
, then there is a sizable charge
asymmetric contribution to single top at
the LHC d u
e Charge asymmetry as well as rate give constraints with

Ay
t

| ¢ Also constraining for models with a light

mediator M,



LHC constraints: top branching ratios

¢ |f mediator M lighter than top, is inevitable

Measurement of tt cross-sections
in different final states (N;, N,)

ATLAS Preliminary o vz
constrain top branching ratios
For instance, using semileptonic comermon o | - .
measurement o AN
ATL-CONF-2011-121 combinaton L 177ea e 7
requirement, ATLAS New measurements
dileptonic: el S I
5‘0 1 60 150 260 25‘0 360 350

o, [pb]

see also: Gresham, Kim, Tulin, Zurek
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LHC constraints: t, tf cross-sections

If mediator M heavier than top, large
rate to ftj final states: ~ 0.507 @esnam kin

Zurek; Knapen, Zhao, Strassler)

CMS Prellmlnary 5 0 fb at f 7 TeV
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LHC constraints: t and tt cross-sections

e More generally, most models predict significant excesses
in tt:
e heavy axigluon: broad, shows up as high-m excess; also in
dijets
e t, u-channel mediators typically give rise to large tails in tt
spectrum...

e ...as well as contributions to single ¢ production which can
often be picked up in tf searches

« Neither inclusive t cross-section or high-mass searches
show



LHC constraints: {t spectrum

e Negative EW corrections to SM contribution can potentially
leave more room for NP, but...

CMS Preliminary, 1.14 fb' at\'s=7 TeV
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Top asymmetries at the LHC

» Measuring AL at the LHC is more challenging:

e symmetric pp initial state: no global forward direction
e AtTevatron: qq — ttis of total pp — tt. AtLHC: qq is
of pp — tt

e pp is symmetric...

q t// q /
- _ q
/ q . 4

...but gg is not.

 LHC sensitivity to AL, but



Top asymmetries at the LHC

Valence-sea kinematics translate a positive
forward-backward partonic charge asymmetry into a
positive charge asymmetry

Translate this into an observable:

Net forward charge asymmetry

Ne(yo < Iyl < ym) + Ns(yo < |y| < ym)




Top asymmetries at the LHC

e Valence-sea kinematics translate a positive
forward-backward partonic charge asymmetry into a
positive charge asymmetry

e Translate this into an observable:

Event-by-event forward-backward charge asymmetry

_ N(cosf; > 0) — N(cos d; < 0)
N(cos ; > 0) + N(cos d; < 0)

where 4 is defined relative to event boost axis




Top asymmetries at the LHC

Valence-sea kinematics translate a positive
forward-backward partonic charge asymmetry into a
positive charge asymmetry

Translate this into an observable:

Event-by-event forward-central charge asymmetry

_ NQyel > 1yil) = NQyel < 1yal)
N(yil > 1yal) + N(yel < [vi])

CMS: 51, Ac = —0.004 = 0.01 +0.012
ATLAS: 0.7 fb~1, Ac = —0.024 + 0.016 - 0.023
SM: Ac = 0.006 (MC@NLO)



Optimizing the kinematic regime

Sensitivity to underlying asymmetry is greatest for tops at
and

The signal is larger:

e The partonic asymmetry (whether SM or BSM) grows with
both invariant mass and and rapidity

The background is smaller:

e The symmetric gg — tt falls off faster than gq, qg — tt
e The correlation between valence q direction and CM boost
direction improves

Reach can be enhanced by careful choice of kinematic
cuts: sensitivity vs statistics (but: systematics)



LHC measurements of Arc

Experimental measurements are still statistically limited...
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...but will be very interesting in the long run



Predictions from new physics
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Conclusions

e LHC is fulfilling its promise as a top factory and is
delivering many excellent i disappointingly sm-ike results

e t, u-channel vector and scalar models for the Tevatron
anomaly are by 2011 LHC data, as
are heavy axigluons

e Surviving new physics models require light axigluons and
typically additional coloured degrees of freedom

e broad multi-jet resonances: challenging signals for hadron
colliders

e coloured descendants much easier to find, but
model-dependent

e Measuring Arc at the LHC will ultimately probe small or
moderate BSM asymmetries... but not yet



Is it new physics?

“Entia non sunt
multiplicanda praeter

necessitatem.”

“Entities should not be multiplied beyond
necessity.”

Occam is not impressed
(but alternatives are not clear yet either)



