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® The importance of being Top

® TJop-down vs Bottom-up

® Resonant vs Effective Field
Theory Approach

® Applications on SM and NEW
observables : hot topics.
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Top is special

In the SM, it is the ONLY quark
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Top is special

In the SM, it is the ONLY quark

|. with a “natural mass’’:

Meop = YeVIV/2 =174 GeV= y; = |

It “strongly” interacts with the Higgs sector. This also suggests that top might
have special role in the mechanism of EWSB and/or fermion mass generation.
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Top is special

In the SM, it is the ONLY quark

|. with a “natural mass’’:

Meop = YeVIV/2 =174 GeV= y; = |

It “strongly” interacts with the Higgs sector. This also suggests that top might
have special role in the mechanism of EWSB and/or fermion mass generation.

2. that decays before hadronizing

Thad = h/Aqcp = 2102 s
Teop = h/ Teop =1/(GE M [Vu|2/8TTV/2) = 5¢10-25 s

(with h=6.6 1025 GeV s)

(Compare with Tp = (GF2 mp> |Vbc|? k) = 10-125)
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Top as a link to BSM

The top quark dramatically affects the stability of the Higgs mass.
Consider the SM as an effective field theory valid up to scale A:

W,Z

2 9
Mg = M go

872 yelh

Putting numbers, | have:

A 2
200 GeV)? = m3;, + [—(2TeV)? + (700 GeV)? + (500 GeV)?
U 10TeV
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Top as a link to BSM

tree loops

mh? ~ (200 GeV)?

X .
top ¢ S

A 2
(200 GeV)? = mp + [—(2TeV)? + (700 GeV)? + (500 GeV)?] <1 OTeV>

Definition of naturalness: less than 90% cancellation:

At < 3TeV At < 9TeV At < 12TeV

One can actually prove that this case in model independent way, i.e. that the scale
associated with top mass generation is very close to that of EWSB =>

loP Half-Day HEPP meeting on Top Quark Physics -- Fabio Maltoni

Wednesday 18 May 2011



Available solutions

There have been many different suggestions! Fortunately,
we can say that they group in |+3 large classes:

o . . 4
Denial: There is no problem.Naturalness is our

problem not Nature’s. Pro’s: we’ll find the Higgs.
Cons: that’s it.

Top is the only
natural quark

\- J
4 )
Top parters, new
2. Weakly coupled model at the TeV scale: scalars/vectors

Introduce new particles to cancel SM “divergences”. possibly strongly
\ coupled with top. )

4 A
3. Strongly coupled model at the TeV scale: Ll 5 e P
states, colorons.

New strong dynamics enters at ~| TeV. Top is not

_ elementary

-

4. New space-time structure:
Introduce extra space dimensions to lower the
Planck scale cutoff to | TeV. N

KK-excitations
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Top-down approach

New Physics

Signatures/Observables
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Top-down approach
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Top-down approach

* New Physics model with top partners
(SUSY, UED, LH, 4th Gen)

* |dentify the signatures with top, SM
like or exotic.

* Look for them using benchmark
points.

* Set exclusion limits on the model
parameters

* Optional : learn “model independent”
lessons...
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Top-down approach: Examples

tt* = tt + X gg — tt (tt) + X
b’b’ = t tW-W+

't = bbW*W-

tt 2 ZZtt

4tops

In general, very rich and energetic final states, large Hr,
very spectacular and “easy” to detect in principle. Looks great, if one model at the time is studied.
In fact, very difficult to discriminate which NP leads to it.
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Bottom-up approach

New Physics

Signatures/Observables
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Bottom-up approach

New Physics

Signatures/Observables
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Bottom-up

Model independent (bottom-up) strategy for New Physics :
|. Focus on a specific SM observable that is

a. naturally sensitive to BSM
b. is well-predicted & possibly “background free”

and look for deviations

2. Look for “exotic top signatures” (no-SM equivalent),
Example: same sign tops.

loP Half-Day HEPP meeting on Top Quark Physics -- Fabio Maltoni

Wednesday 18 May 2011



Bottom-up approach

New Physics

Signatures/Observables
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Model Independent BSM searches
(bottom-up)

New Physics

Signatures/Observables
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Model Independent BSM searches
(bottom-up)

[ New Physics J

Signatures/Observables
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New Physics : Two possibilities

New Physics

> Energy
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Dimensional analysis

h=c=1
dim A" =
dim¢ =1
dim ) = 3/2

Eeff _ [:SM 4 Z Odlm 6

Bad News: > 60 operators [Buchmuller, Wyler, 1986]
Good News : an handful are unconstrained and can
signifcantly contribute to top physics!
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Model Independent BSM searches
(bottom-up)

[ New Physics J

4 I I )
signatures/observables
\_ J
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Model Independent BSM searches

New Physics

. J
4 )
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Model Independent BSM searches

New Physics
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Model Independent BSM searches
Examples

. NP Resonances in ttbar O P e 07712, 2355 |

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

lll. Exotic: Same sign tops (Degrande, Gerard, Grojean,TH,

Servant, arXiv:1104.1798]

V. Exotic: Monotops [Andrea, Fuks, FM, wip ]
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Examples

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

”I. EXOtiC: Same Sign tOPS [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1104.1798]

V. Exotic: MOI‘\OtOPS [Andrea, Fuks, FM, wip ]
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do/dmy, : shape differences

Interesting observable.

1/0 do/dm
NLO, CTEQ6M, LHC

Shape very well predicted.

This could be also used to
measure the top mass!

Reconstruction systematics
is different from the usual
top mass invariant mass
reconstruction.

Any BSM effect would distort
this shape =>

Wednesday 18 May 2011

]
sooModel independent search
tt invariant mass [GeV] for new Physics!
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New resonances

In many scenarios for EWSB new resonances show up, some of which preferably couple
to 3rd generation quarks.

q t
>\/VZ\l/\<
q t t

Given the large number of models, in this case is more efficient to adopt a “model
independent” search and try to get as much information as possible on the quantum
numbers and coupling of the resonance.
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New resonances

In many scenarios for EWSB new resonances show up, some of which preferably couple
to 3rd generation quarks.

q t
>\/\/</\<
q i
Given the large number of models, in this case is more efficient to adopt a “model

independent” search and try to get as much information as possible on the quantum
numbers and coupling of the resonance.

To access the spin of the intermediate
resonance spin correlations should be
measured.

It therefore mandatory for such cases to have
MC samples where spin correlations are kept
and the full matrix element pp>X>tt>6f is
used.
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Zoology of new resonances

Color (['L’\If]) SM-interf

o

(1,0) no

(0,1) no

(0,1)

(0,1),(1,0)
[sm,sm]

(1,0),00,)(1,1),(1,-1)

(1,0)

(0.1)

O |00 IO(OC|0|O | O
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Phase |: discovery

da{pp -+ {Z'/g* -) tt}/dm - [Ib/20 Ge¥] 3
Mg = My = Mg, = 2 Te¥
LO, CTEQSL1, LHE ]

QCLD only
Z' Color singlet
g% Color oetet (vector coupling)

g¢ Color actet {(axial coupling]

Wednesday 18 May 2011

1500 1750 =000 2260
ti invariant mass [GeV]

*Vector resonance, in a color
singlet or octet states.

*Widths and rates very
different

* |Interference effects with
SM ttbar production not
always negligible

* Direct information on
O*Br and I.
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Phase |: discovery

da(pp - (¢ -} tt)/dmg [pb/10 GeV]-
BR(¢ » tt) =1, a =0

LO, CTEQ6L1, LHC

ty = fp = my = 400 GeV

-
1

1

e m e |
'

|
. dey-

ol

|IIII|IIII
T T

— e — —

=00 G0 700 800
tt invariant mass [GeV]

Non-trivial behavior (peak-dip) due to the
interference between the signal and the

background, only if top width dominated by
d—o tt, [Dicus, Stange & Willenbrock 1994]
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da(pp - (¢ -} tt)/dmg [pb/10 GeV]-
BR(¢ » tt) =1, a =0

LO, CTEQ6L1, LHC
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Non-trivial behavior (peak-dip) due to the
interference between the signal and the

background, only if top width dominated by
d—o tt, [Dicus, Stange & Willenbrock 1994]
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Phase |: discovery

da(pp - (¢ -} tt)/dmg [pb/10 GeV]-
BR(¢ » tt) =1, a =0

LO, CTEQ6L1, LHC

ty = fp = my = 400 GeV

TTY T T 1
'

— e — —

=00 G0 700 800
tt invariant mass [GeV]

Non-trivial behavior (peak-dip) due to the
interference between the signal and the

background, only if top width dominated by
d—o tt, [Dicus, Stange & Willenbrock 1994]
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Phase |: discovery

da(pp - (¢ -} tt)/dmg [pb/10 GeV]-
»tt)y =1, a =0

= 400 GeV

T T e
- L -

Non-trivial behavior (peak-dip) due to th
interference between the signal and the

background, only if top width dominated by
d—o tt, [Dicus, Stange & Willenbrock 1994]

pb/5 GeV]

do(pp - (H -) tt)/dmg

i

BR(H - tt) = 1,
LO, CTEQ6L1, LHC

[MadGraph]

||||||||||||||||||||||i._“|_.:"'|'

tt
a1=0

Mg = Mp = my = 400 GeV

380 400 420

440

460

tt invariant mass [GeV]
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Phase |: discovery

dofpp + (G =) tt)/dm - [pb/20 GeV]
L0, CTEQSL1, LHC

m, =800 GeV x/M 4 =0.10
. x/M_ =007

- K/M =004
x/M_ =008
£/¥ _=0.01

* Spectacular signature!

*RS Model with first KK=600 GeV

2§

1000 1800 2000 Zo00 3000

tt invariant mass [GeV]
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Phase 2: ttbar angular distributions

e._—
CS angle

|
SM, o ldo/decos(f)

— mm cut
I £ m € 410 GeY
900 £ my £ BT GeY
T < myp < 810 Ge¥

Robust reconstruction needed, but much easier than spin correlations...
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Phase 2: ttbar angular distributions

SM, o ldo/decos(f)

I £ my € 217 Ge¥Y
S £ mp £ B0 Ge¥W
T < myp < 810 Ge¥

1 1 | 1 1 1 1 |
Spin—1, Yector ]
— M = 40D CaT
........ My = 0D Sat—
- == My = h00 BeF ]

o) I I I ooa(d])
(e) (d)

Robust reconstruction needed, but much easier than spin correlations...
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Phase 3: Spin correlations
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Phase 3: Spin correlations
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Phase 3: Spin correlations
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Model Independent BSM searches
Examples

. NP Resonances in ttbar T e 0712 . 2355 |

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

lll. Exotic: Same sign tops (Degrande, Gerard, Grojean,TH,

Servant, arXiv:1104.1798]

V. Exotic: Monotops [Andrea, Fuks, FM, wip ]
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Model Independent BSM searches
Examples

. NP Resonances in ttbar T e 0712 . 2355 |

[ Degrande, Gerard, Grojean,FM,

”I. EXOtiC: Same Sign tOPS [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1104.1798]

V. Exotic: MOI‘\OtOPS [Andrea, Fuks, FM, wip ]
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Effective Field Theory Approach

[Aguilar-Saavedra 2010, Willenbrock et al. 2010, Degrande et al 2010]

Use an effective Lagrangian approach:
*Write down all the dominant (dim=6) operators involving a t and tbar.

*Use symmetries (like custodial symmetry) or well known contraints (such those on
FCNC => MFV) to reduce the number of possibly important operators.

*Use, if you want, inspirations or scalings suggested by some physics models that you
like (top compositeness).
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Effective Field Theory Approach

EWV precision data together with constraints from flavour physics make plausible if
not likely that there exists a mass gap between the SM degrees of freedom and
any new physics threshold.

Dim-6 operators that affect top pair CP-even

production at tree level by = process
O, =i(¢TrI Do) gy 11q) top decay, single top

. . bq —
interference with the SM (QCD) Ow = (go"vr! t)ng/fV (with real coefficient) | top decay, single top
amplitudes (we neglect weak O = (vt d ) (@r T q) single top
corrections) O = (q‘a“”)\At)ggGﬁV (with real coefficient) | single top, qq, gg — tt
Zhang & Willenbrock ‘10 Oc = fABCGﬁVGEpGgM W té
Aguilar—Saavedra ‘10 Oy = %(¢+¢)GﬁyGAMV gg — tt
Degrande, Gerard, Grojean, Maltoni, Servant ‘10 7 four—quark operators qq — tt

CP-odd

operator process

Ow = (gorvr! t)&WJV (with imaginary coefficient) | top decay, single top

O = (cja“”AAt)quﬁy (with imaginary coefficient) | single top, qq, gg — tt
Oé = fABCGé’iGEpGgM qqg — tt
O, = 3(819)GA,GA 99 — tt
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Effective Field Theory Approach

EWV precision data together with constraints from flavour physics make plausible if
not likely that there exists a mass gap between the SM degrees of freedom and
any new physics threshold.

NP can be integrated out and simply gives new (higher dimensional) interactions
among the SM degrees of freedom

Dim-6 operators that affect top pair CP-even

production at tree level by ‘(’)Izgfatofw W = poces
. . bqg =1 T Do) gyt q top decay, single top
interference with the SM (QCD) Ow = (g 7! t)qBW/fV (with real coefficient) | top decay, single top

amplitudes (we neglect weak O3 = (G, 7 ¢ ) (Gy"r1q) single top
corrections)

O = fapcG,," GGV g9 — tt
Zhang & Willenbrock ‘10 ) ¢+¢ GA GAMV = 7

_ 1
Aguilar-Saavedra ‘10 oG — 5( )

CP-odd

. operator process
tOP'Phlllc OPerators Ow = (gorvr! t)éWJV (with imaginary coefficient) | top decay, single top
(modifying top COUPIinSS O = (cja“”)\At)éGﬁy (with imaginary coefficient) | single top, qq, gg — tt
and not only gluons couplings) Op = fapcGAY GBPGCH gg — tt

Oy = %(¢+¢)éﬁyGAW gg — it
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ttbar production

New vertices

> = >

Chromomagnetic operator Oy, = Yo T At GA Four-fermion operators

gluon fusion
corrections from chg only

t qq annihilation:

000000 .
N both chg and 4-fermion operators

1
X
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Is there anything to learn from
a Owbar Measurement at the LHC?

YTIIIITYIIITYI | S o) (s ) lTTl]lTllllllY

[’ Cacciari et al., arXiv:0804.2800 (2008)
2 Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)

Dilepton - ' 7.27+0.71:0.46+0.42
(L=4.3fb") / (stat) (syst) (lumi)

Lepton+Jets (ANN) 7.63+0.37+0.35+0.15
(L=4.6 b7 i

Lepton+Jets (SVX) = 7.14+0.35:0.58+0.14

85% at TeV (L=4.3 ")

All-hadronic 7.21:0.50+1.10+0.42
(L=2.9fb") 4

CDF combined 7.50+0.31:0.34:0.15
VS 72/DOF= 0.60 m=172.5 GeV/c?

| S — | LA Ll l LA L 1 l | I T —

7 .8 9 10 11
o(pp — tt) (pb)

90% at LHC
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Is there anything to learn from
a Owbar Measurement at the LHC?

YTIIIlTTIIIIYIIITTIIITYI]IYYIIll

[’ Cacciari et al., arXiv:0804.2800 (2008)
2 Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)

Dilepton ~' 7.27+0.71:0.46+0.42
(L=4.3fb") ; (stat) (syst) (lumi)

Lepton+Jets (ANN) |/ 7.63+0.37+0.35+0.15
(L=4.6 fb”) 7

Lepton+Jets (SVX) == 7.14+0.35:0.58+0.14

85% at TeV (L=4.3 ")

All-hadronic 7.21:0.50+1.10:0.42
(L=2.91b") /

CDF combined »j 7.50+0.31+:0.34+0.15
72/IDOF= 0.60 7

SR I

4 5 7 55
o(pp — tt) (pb)

The gg channel is only very roughly constrained!!!
We might have missed some big and important NP
effect connected with an gg initial state (such a scalar...).

90% at LHC Iv-lv:;;/ can we study such effects in a model independent

loP Half-Day HEPP meeting on Top Quark Physics -- Fabio Maltoni
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tt production

One can show that you end up with five main operators,

1
|A2

and in case one is interested only in total rates (and spin independent / FB symmetries)
only three parameters are left : gn , cv=cr+cL and aa = ar- ar

[ghOhg + crORy + ar0%, + (R e L)}

loP Half-Day HEPP meeting on Top Quark Physics -- Fabio Maltoni

Wednesday 18 May 2011



Q Queen Mar

Universaty of London

ttbar: gluon fusion (from one operator only)

The new physics and SM contributions for gluon fusion have a common factor

s 4y iy 4280 i (1)

dt dt s2 A2

67'17'2 8

t: Mandelstam variable

related to 6 angle
( angle between incoming parton
and outgoing top quark)
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ttbar: gluon fusion (from one operator only)

The new physics and SM contributions for gluon fusion have a common facto

2 . .
_my —t o Common factor mainly responsible for
s 7 the shape of the distributions

t: Mandelstam variable

related to 6 angle
( angle between incoming parton
and outgoing top quark)
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The new physics and SM contributions for gluon fusion have a common facto

2 . .
_my —t o Common factor mainly responsible for
s 7 the shape of the distributions

t: Mandelstam variable S
related to 8 angle t = D (1 — Bcosh)

( angle between incoming parton
and outgoing top quark)

The operator On; can hardly be distinguished from the SM in gluon fusion

loP Half-Day HEPP meeting on Top Quark Physics -- Fabio Maltoni

Wednesday 18 May 2011



Q Queen Mar

University of London

ttbar: gluon fusion (from one operator only)

The new physics and SM contributions for gluon fusion have a common facto

2 . .
_my —t o Common factor mainly responsible for
s 7 the shape of the distributions

t: Mandelstam variable S
related to 8 angle t = D (1 — Bcosh)

( angle between incoming parton
and outgoing top quark)

The operator On; can hardly be distinguished from the SM in gluon fusion

Distortions in the shape of the distributions can only come from qq annihilation =
small effects at LHC
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ttbar: ggbar annihilation (from the 8 operators)

Only four linear combinations of 4-fermion operators actually contribute to the differential
cross section after averaging over the final state spins:

d C v :|: C/Vv /
TS M (1_|_ 1% Caq

) s(mg —T1) + 4gschg\/§vmt)

dt g2 i 2

even part in the odd part in the
scattering angle 0 scattering angle 0

comes from  {HTAgyHTAg comes from iyt~ TAtgyH T

This dependence vanishes
after integration over t
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Only four linear combinations of 4-fermion operators actually contribute to the differential
cross section after averaging over the final state spins:

even part in the odd part in the
scattering angle 0 scattering angle 0

comes from v TArgyH T4 comes from iyt~ TAtgyH T

This dependence vanishes
after integration over t
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ttbar total cross-section
— Tevatron

1 TeV
o (pp — tt) /pb = 6.157241 +[(o.87t8;%2@+ (1.44t3;§§ (0.31+8;82@( A

LHC (7 Tev)

7 (pp — 1) /ob = 9477+ [(4.5707) e+ (2577)(eng - (0487058

LHC (14 TeV) —
o (pp — t0) /pb = 538110 + [(154) ey - (1447 5) cng (1.32f8:}g)<1 iev

+ i .
LO with CTEQSLI pdfs utd chromomagnetic u-d

In fits, we’'ll use NLO+NLL SM results (isospin 0) moment (isospin |)
but in interference, we’ll keep LO SM amplitude
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Tevatron Constraints

[ The pp = tt total cross section at Tevatron depends on both chg and cvy and
constrains thus a combination of these parameters.

4 —
total cross section |~

A Y
. .
. A )
° A Y
[ ., .
A3
.
- A Y
. A Y
. .

|
2

(4-fermion operator)

Ong
(chromomagnetic
moment operator)
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Tevatron Constraints

[ The pp = tt total cross section at Tevatron depends on both and
constrains thus a combination of these parameters.

4 =
total cross section |

tt invariant
mass shape

(4-fermion operator)

___——-6—}
hg

(chromomagnetic
moment operator)
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Tevatron-LHC Complementarity

F_7[ The pp => tt total cross section at Tevatron depends on both cns and cww and
constrains thus a combination of these parameters.

[A The pp = tt total cross section at LHC strongly depends mostly on cng and can be
directly used to constrain the allowed range for cpg

4 =
total cross section

Tt invariant
mass shape

(4-fermion operator)

Ong
(chromomagnetic
moment operator)

4

LHC total cross -4 - —=
section |Iml'|'5 (assuming ho deviations

observed compared o SM predicfion)
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4

o jrevatron measured O+ - Osm
YCHOW region Is - - (4-fermion operator)
excluded by Tevatron k |

green (blue) region
excluded by LHC at 7 TeV
(14 TeV) after a precision

cyoX (1TeV /A
o

of 10% is reached on 0+ o A Ohg

(chromomagnetic
moment operator)

— X (ITeV/A) t
neasur'ed 011- = : g\easured osm (1 -20%

ey X (1TeV /A)
eyyX (1TeV/A)

LHC
 14TeV,
0

cpeX (1TeV /AY cheX (1TeV /AY
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Minor effects on shape of distributions
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Forward-Backward Asymmetry
o (cosfy > 0) — o (cos; <0) q

o (costy > 0) 4 o (cos b, < 0) 7

ASM = 0.05 + 0.015. A = 0.15 4 0.05(stat) £ 0.024(syst),

lab. frame App =

— top quarks are preferentially emitted in the direction of the incoming quark
dosy Cyy T Vo S L a, Ciﬁla
— " (1 4+ gg 2 A2> + 22042 ((cAa + 5 5(7'2 — 7'1) + 4gschg\/§vmt

>

1 TeV)~
0ARE® = (0.0342F5:009 aa + 0.012870 005 ay) X ( Ae )

C aa and C 'aqare only constrained by the asymmetry and not by the total cross

section or the invariant mass distribution
0.00

002}

Link to axigluon models: Py
. ~0.06 ¢

CACL/A2 — _Qg%gil/mi = —8(1)3: e Axigluon

—0.12}

-0.14 -
1000 1500 2000 2500 3000 3500 4000
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Forward-Backward Asymmetry

asymmetries in lab. frame

Arg (inclusive) = 0.158 + 0.075 Ars (SM) = 0.058 + 0.009
Are (Mt < 450 GeV) = - 0.116 + 0.153 Are (SM) = 0.04 + 0.006

Are (m++ > 450 GeV) = 0.475 + 0.114 Ars (SM) = 0.088 + 0.013
Are (| Ayl< 1) = 0.026 + 0.118 Are (SM) = 0.039 + 0.006
Ars (| Ayl|> 1) = 0.611 + 0.256 Are (SM) =0.123 + 0.008

inclusive

Caa X TeVZ/A?
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Forward-Backward Asymmetry

Caa X TeVZ/A?

inclusive

Ay

Ay

- Mt > 450 GeV
- Mi: < 450 GeV

<1

>1

= Within our two-parameter effective theory, the intersecting region is contrived...
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Spin Correlations

The three observables o, do/dm;; and Arp are unable to disentangle between theories
coupled mainly to right- or left-handed top quarks. However, spin correlations allow us
to determine which chiralities of the top quark couple to new physics, and in the case
of composite models, whether one or two chiralities of the top quark are composite.

1 1
e Hd(;cosﬁ =7 (1+ Ccosfycosf_ +bycoshy +b_cosf_)

0, (0_) is the angle between the charged lepton [T (I7) resulting from the top (antitop)

decay and some reference direction @ (b).

1
— (0RL + OLR — ORR — OLL)

(0rL —OLR +0rR —OLL),

(0rL — O0LR — ORR + 0LL) -

1 TeV\?
A Y

C x o/pb = 282195 4 [(0.37401) ¢, + (0.501013) ¢y ] x (

1 TeV\~
- +0.12 . . .
bx o/pb = (0-45o.og)>< ( A ) > allows to distinguish between

proportional to Cr, — Cry LH and RH top-quarks
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UCL

Y
wQf Queen Mar e

Spin Correlations

delouvain ™
SM at the Tevatron Crv==2, cLv=0, cps=1 and A=1 TeV at the Tevatron

Tevatron

large deviations but few
events

0 0

cos(6-) cos(6y) cos(6-)
11 -11

SM at the LHC Cry==2, c1,=0, cy,=1 and A=1 TeV at the LHC

LHC

small deviations but
numerous events

0 0

cos(6,) cos(6-) cos(f,) cos(6-)
11 -11

Figure 11: Distribution of events at the Tevatron/LHC (top panel/bottom panel) for the SM (on
the left) and for cp, = =2, ¢y =0, cpg =1 and A =1 TeV (on the right) with up = pr = mt.
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Model Independent BSM searches
Examples

. NP Resonances in ttbar O P e 07712, 2355 |

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

lll. Exotic: Same sign tops (Degrande, Gerard, Grojean,TH,

Servant, arXiv:1104.1798]

V. Exotic: Monotops [Andrea, Fuks, FM, wip ]
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Model Independent BSM searches
Examples

. NP Resonances in ttbar O P e 07712, 2355 |

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

‘ ||| iiii‘ii’ iil"ﬁ ili" ‘iiii [Degrande, Gerard, Grojean,FM, |

V. Exotic: MOI‘\OtOPS [Andrea, Fuks, FM, wip ]
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The operators

‘cqq—}tt 1

(crrOnrr + )0 + o OF)

dim=6 Az

+cr g0 + cﬂoﬂ) + h.c.

trY ur| [tRY.UR]

R R q
Qrv*qr] [Qrvuaz] \‘\
Qry'oqr| [Qryuo®er] q /

_QL’}’”QL] [t_R’YJu ‘HR]
Quy*T*qv) [trys T ur)]
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The cross section pp—tt

The differential cross section reads:

do 1 2) (s — 2m?)

2
dt B F[(lcﬁﬂl Tlerl 3?1"3

2 . \2
+(‘ )‘Jr 23 ‘) lﬁw.iznt .

— ([efh] + 5 (cbren) — 5 Jea|
(‘ + §R CLRCLR CLR 24,”

TTeV  — Og; 0f); O
-- Oi‘i;tll),
— o®
. ~o-208
My, — tf:int.4—-F |
S 17:SM
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Link to resonant models

t-channel s-channel

Lol Ll Sl Sl |

CAa
1

2
(g + 1)
Linked to AFB in ttbar!!
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Model Independent BSM searches
Examples

. NP Resonances in ttbar O P e 07712, 2355 |

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

lll. Exotic: Same sign tops (Degrande, Gerard, Grojean,TH,

Servant, arXiv:1104.1798]

V. Exotic: Monotops [Andrea, Fuks, FM, wip ]
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Model Independent BSM searches
Examples

. NP Resonances in ttbar O P e 07712, 2355 |

ll. Non-Resonant NP in ttbar [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1010.6304]

”I. EXOtiC: Same Sign tOPS [Degrande, Gerard, Grojean,FM,

Servant, arXiv:1104.1798]

‘ |i‘ iiii”i” hlii”iniﬂii ‘Andreal Fuks| FM| wii | I
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t+mET

Very unique signature.
Two types of physics involved: R parity
violation (RPV) and/or FCNC.

L= Lgn
Most general simplified model
leading to monotops:

+ ou [EFG' + bFG’Tﬁ] u+V,u [ﬂ_lﬁ‘t:"'?’# +bi'L?GT“’?‘5] u

JC i 1 2 1/2
ffgtd ﬂ'SR_I_bSRTE dk-l—CPiH f +bSJ;Q 5

131:

Gids | al p+Bpys |ur+ @i | ad

~1/2

z._jk: _I_bSR 5

+ €7 X, & [”VR’T + by g 7" Tﬁ]dk

+ X u [aVR";f'”‘ ‘|‘bVR’T f;,fg,]x—i—h.c.,,
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t+mET

Study of the simplest signature: 3jets (and/or | boosted top)+nothing.

q PP—jjj+E, atthe LHC (14 TeV)

=
i
]

=
[
=

Normalized to 1
=
=
i

=
=
[

[ III|III|III|III|III|III|III|III|

ot
=i

""'_'_:—_'T'_ll_:_'l_': 1 | I | [
L 1] 250 30D 350 400

B Missing transverse momentum [GeV]

Models implemented in FeynRules + MG5. Pheno ready to go.
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Conclusions

® Bottom-up strategies for top physics lead to very reach
phenomenology still to be fully exploited/studied at

hadron colliders.
4

New Physics

9 signatures/observables )

® Data is becoming available and MC tools for doing this
are available...
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Conclusions

® Bottom-up strategies for top physics lead to very reach
phenomenology still to be fully exploited/studied at

hadron colliders.
4

New Physics

9 signatures/observables )

® Data is becoming available and MC tools for doing this
are available...

® _so let’s the fun begin!
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