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A. BUILD MODELS TO SOLVE OLD PROBLEMS, L.LE.,
STRONG CP, BARYOGENESIS, DARK MATTER, CC

B. AMBULANCE CHASE

C. BOUND MODELS WITH DATA [NEW AND OLD]

D. DEFINE AND MOTIVATE NEW OBSERVABLES
A. BLEEDING EDGE DISCOVERY POTENTIAL ‘
B. WE GET TO TALK TO EXPERIMENTALISTS
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The ttH Coupling

Top Yukawa is unity and tth
measurements can be made.

o " (pp— tth)

o ™' (pp— tth)

= Wy, < 6.6(20)

‘CMS Higgs 13-020 \




We can parameterize UV physics with up to

Dimension 6 couplings to the Higgs boson.
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Restrict attention to strongly-coupled and top quark
operators. LHC is, after all, a hadron machine.

CHG W a ¢ S vrpa a
One = 3 (H'H) Gi¥ Gy, Ongt = 3 (QLH) 0" T Gy,

_ , —) _ .{—> — —>
Octg = (Q3LY" QSL)(HprH)e Oc¢ iy = (QaroiY" QsL)(HJ'O'buH), Octu = (trRY" !n)(HprH)
and O,, = H'H Q3 HCtg.




CHG W va
One = ALQC’ (H'H) GY* G, Q Ohgt = L

Only two operators contribute to tth at
Lleading order in the strong coupling, and
have a different momentum (Lorentz)
structure than the Standard Model.




Different kinematic dependence, for
example there is a new gluon s-channel.

The SM process has an amplitude with an
off-shell top, so it goes as ~1/P(top).




Higgs—gluon coupling, Cyxg

&
b

o
e

| | |
S — =
W \®) =

I
<
~

-
o

LT

< 0.7

SSSSS

8 TeV

05 00 05 1.0
Chromomagnetic dipole coupling, Chgt

10




Higgs—gluon coupling, Cyxg

&
b

o
e

| | |
S — =
W \®) =

I
<
~

-
o

LT

< 0.7

SSSSS

8 TeV

05 00 05 1.0
Chromomagnetic dipole coupling, Chgt

10




&
b

o
e

I
(@)
-

I
&
b

Higgs—gluon coupling, Cyxg

I
>
(o8

I
<
~

-
o

E /'ttf < 0.7

SESSH
II I

8 TeV

10

-05 00 05 1.0
Chromomagnetic dipole coupling, Chgt




Higgs—gluon coupling, Cyxg

&
b

o
e

| | |
S — =
W \®) =

I
<
~

-
o

LT

< 0.7

SSSSS

8 TeV

05 00 05 1.0
Chromomagnetic dipole coupling, Chgt

10




Higgs—gluon coupling, Cyxg

&
b

o
-

| | |
S — =
W \®) =

I
<
~

-
o

LT

< 0.7

SSSSS

10

8 TeV
-05 00 05 10
Chromomagnetic dipole coupling, Chgt




Higgs—gluon coupling, Cyxg

o
-

=
b

-10 -0.5 0.0 0.5 1.0
Chromomagnetic dipole coupling, Chgt




Higgs—gluon coupling, Cyxg

—04!

-10 -0.5 0.0 0.5 1.0
Chromomagnetic dipole coupling, Chgt




Operators

’ ‘ I
|
I
.
Higgs—gluon coupling, Cyxg

—04!

-10 -0.5 0.0 0.5 1.0
Chromomagnetic dipole coupling, Chgt




LHC tth to same sign dilepton
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CMS search for pp =>tth in the isolated same sign
dilepton channel

« Cut on isolated same charge dileptons
« Require ~20 GeV missing transverse energy®




LHC tth to same sign dilepton
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The distribution of tops and Higgs in the
detector shift for boosted Higgs events.
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Events, Arbitrary Units

Cght =-0.75

CGH = 0.083
(Hunh ~ pp = 1)
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A typical event with
Standard Model couplings.




A typical event with NP
boosted dim-6 couplings.
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Typically we think about the following simple
kinematic variables: mr,mr>.

mr=[ 2Et1ET2(1-cosy)]/?
MT2

MT, (stupid)




To find new physics in the kinematic effective field
theory, define new collider observables using the
angles between collider objects.

In pp2>tth->same sign dilepton, these will be angles
between three objects.

lep+
b~ b
|M1551ng transverse
|energy (MET) 1is energy

:Lost in the detector,
|mostLy to neutrinos.

Same charge
dileptons.

B-tagged jet(s)
(Medium, or 2
Light b-tags).

lep+



lep+

lep+

isolated leptons

Same charge
dileptons.
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|M1551ng transverse
:energy (MET) is energy
|Lost in the detector,
|mostLy to neutrinos.
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|M1551ng transverse
:energy (MET) is energy
|Lost in the detector,
|mostLy to neutrinos.

Same charge
dileptons.




Can be combined with cut on sum over lepton pt.

Sum of Lepton pr ><A¢MET —lepton (L¢)
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Good at backgrounds cuts for SM tth searches
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Kinematic Reach for 8 TeV LHC

Vs =8 TeV, 19.6 fb~*, cpoe = —0.75, cyg = 0.083|tt + jets|ttW= + jets|SM Signal |NP Signal
SSDL preliminary cuts only 34 16 5.8 5.6
Ly < 250 21 10 4.9 4.4
Ly, > 200 5.0 3.7 0.40 0.73
Ly < 150, By > 150, AR, > 150 2.1 1.3 0.45 0.69
Er > 100, Ly, > 100, Ly < 150 0.59 0.89 0.25 0.46
vs =8 TeV, 20 fb™', lin | €vents after
parameter points listed Ls < 150,
Bg > 150,
ARg > 150
Standard Model 1 0.45
Chgt = 0.5, cug = —0.27 | 2.1 4.1
Chgt = —1.75, CHG = —0.023| 3.3 4
Chgt = 1, cng = —0.32 4.6 8.2
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Kinematic Reach for 14 TeV LHG

Vs =14 TeV, 100 fb~", chqt = —0.5, cye = 0.055|tt + jets|ttW= + jets|SM Signal | NP Signal
SSDL preliminary cuts only 697 185 128 114
Ly < 250 428 107 106 91
Ly, > 200 124 51 8 13
Lpy > 200, Ly < 250 10.9 8.1 2.3 4.1
Er >80, Ly < 100, By > 150, ARy, > 150 8.1 5.9 4.5 6.0
Er > 100, Ly, > 150, By > 200 28 18 4.8 10

V8 =14 TeV, 100 fb™", |u events after

parameter points listed Er > 100,

Ly, > 150,

Bs > 200
Standard Model 1 4.8
Chgt = —0.75, cug = 0.083 | 1.5 24
Chgt = —0.75, CHG = —-0.13 1.4 15
Chgt = —0.5, cuc = 0.055 [0.99 10
Chgt = —0.5, cyg = —0.16 [0.95 8.2
Chgt = 0.25, cyg = —0.028 | 1.2 12
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Conclusions part one:

IN ORDER TO WRING THE 8-14 TEV LIHC
DRY OF TOP YUKAWA PHYSICS,

ONE VIABLE APPROACH IS KINEMATIC
EFT AND ANGULAR VARIABLES!
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LHC to probe early universe in best detail yet

) For simslar es, visit antum Wo e Large Hadron Collider T

The Large Hadron Collider will spend four weeks probing the conditions of the
early universe in better detail than ever before, as it takes a break from the hunt
for the Higgs boson,

The LHC's main activity for 2011, colliding pairs of protons, came to an end as
scheduled on 30 October. The experiment has now produced about 6 inverse
femtobams of collision data, about three times the total used in the last major
analysis searching for the Higgs boson, thought to endow other particles with
mass, which was reported in August.

As researchers stant analysing the new data, the LHC is swilching to colliding
lead ions for four weeks, starting on 5 November. These collisions produce
pockets of very dense and hot matier, recreating the conditions in the first
moments after the big bang.

This statement was only a hope.
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LHC to probe early universe in best detail yet

The Large Hadron Collider will spend four weeks probing the conditions of the
early universe in better detail than ever before, as it takes a break from the hunt
for the Higgs boson,

The LHC's main activity for 2011, colliding pairs of protons, came to an end as
scheduled on 30 October. The experiment has now produced about 6 inverse
femtobams of collision data, about three times the total used in the last major
analysis searching for the Higgs boson, thought to endow other particles with
mass, which was reported in August.

As researchers start analysing the new data, the LHC is swilching to colliding
lead ions for four weeks, starting on 5 November. These collisions produce
pockets of very dense and hot matier, recreating the conditions in the first
moments after the big bang,
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value would imply access to Planck scale symmetries.
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value would imply access to Planck scale symmetries.
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In upcoming clarifications of BICEP2Z2,
value would imply access to Planck scale symmetries.

Planck fat vs. Planck flat.
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Emergency procedure for particle
theorists:

In Case of BICEP2(II), Break out
Burgess, Patil, Trott [1402.1476].
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Burgess, Patil, Trott [1402.1476].

STEP 2
One extra Higgs term.
Weyl Transform.

‘(}/w — fg;w with f — [1 + 2€(HTH)/M3]
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One extra Higgs term.




Emergency procedure for particle
theorists:

In Case of BICEP2(II), Break out
Burgess, Patil, Trott [1402.1476].

STEP 4 A RG Flow from
Dim-6 EFT terms.

5 (1) 5 i (995 Cuw + 395 Cup + 391 92 Cuw 5]
d,u 1671’2 2 VHW 1 YHB HWB
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Is Higgs Inflation Dead?

Jessica L. Cook, Lawrence M. Krauss, Andrew ). Long, Subir Sabharwal
Comments: 6 pages, 2 figures

Subjects: Cosmology and Nongalactic Astrophysics (astro-ph.CO); High Energy |

We consider the status of Higgs Inflation in light of the recently announced d
collaboration. In order for the primordial B-mode signal to be observable by
Higgs Inflation generally predicts a small amplitude of tensor perturbations, :
find the answer is essentially no, unless one considers either extreme fine tul
attractive features of the original idea. We also explore the possible importan
the effective potential used in calculating inflationary observables, e.g. $n_S$§
effects of Higgs mass uncertainties and other observables already considerec
small to remove the apparent incompatibility between the BICEP2 observatior
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Two scalar field cosmology from coupled one-field models
P. H. R. S. Moraes, J. R. L. Santos

Comments: 8 pages, 6 figures. Version to appear in Physical Review D

Subjects: General Relativity and Quantum Cosmology (gr-qc), High Energy Physi

One possible description for the current accelerated expansion of the univers
scenarios driven by scalar fields. In this work we present some interesting fe:
in a flat space-time. This effective model was constructed by coupling two sii
fields allowed us to compute analytical cosmological parameters. The behavit
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Higgs inflation still alive

Yuta Hamada, Hikaru Kawai, Kin-ya Oda, Seong Chan Park
Comments: 7 pages, 3 figures

Subjects: High Energy Physics - Phenomenology (hep-ph); Cosmology and Nong

The observed value of the Higgs mass indicates that the Higgs potential becc
Higgs inflation scenario proposed by Bezrukov and Shaposhnikov. It turns ou
ten. For example, $\xi=73 corresponds to the tensor-to-scalar ratio $r\sime
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Conclusions part two: 1016 GeV

IN ORDER TO WRING THE 8-14 TEV LHC
DRY OF TOP YUKAWA PHYSICS —

ONE VIABLE APPROACH IS KINEMATIC
EFT AND ANGULAR VARIABLES!

10° GeV

IN THE BICEP2 ERA (REALLY THE ERA OF
TENSOR MODES), CONSIDER APPLYING

PARTICLE THEORY METHODS IN THE IR
TO INFLATION SIGNALS IN THE UV,
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to see boosted top-Higgs in digamma
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