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POsST LHCS8, ANTE LHC 13

+

A NEW FORCE HAS BEEN DISCOVERED, THE
FIRST ELEMENTARY YUKAWA TYPE EVER SEEN

ITS MEDIATOR LOOKS A LOT LIKE THE SM
SCALAR: H-UNIVERSALITY OF THE COUPLINGS

NO SIGN OF..... NEwW PHYSICS (FROM THE LHC)!

WE HAVE NO BULLET-PROOF THEORETICAL
ARGUMENT TO ARGUE FOR THE EXISTENCE OF
NEwW PHYSICS BETWEEN 8 AND 13 TEV AND
EVEN LESS SO TO PREFER A NP MODEL WITH
RESPECT TO ANOTHER.
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WHAT (IF ANY) IS THE BEST STRATEGY?
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WHAT (IF ANY) IS THE BEST STRATEGY?

4 )
STATEMENT #1
THE ONLY VIABLE APPROACH TO LOOK FOR NP AT THE LHC IS TO COVER

THE WIDEST RANGE OF TH- AND/OR EXP-MOTIVATED SEARCHES.
\_ Y,
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WHAT (IF ANY) IS THE BEST STRATEGY?
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STATEMENT #1

THE WIDEST RANGE OF TH- AND/OR EXP-MOTIVATED SEARCHES.

THE ONLY VIABLE APPROACH TO LOOK FOR NP AT THE LHC IS TO COVER

J

-

STATEMENT #2

THE HIGGS PROVIDES A PRIVILEGED SEARCHING GROUND FOR NP

~
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WHAT (IF ANY) IS THE BEST STRATEGY?

/ R
STATEMENT #1

THE ONLY VIABLE APPROACH TO LOOK FOR NP AT THE LHC IS TO COVER

THE WIDEST RANGE OF TH- AND/OR EXP-MOTIVATED SEARCHES.
\_ Y,

e A
STATEMENT #2

THE HIGGS PROVIDES A PRIVILEGED SEARCHING GROUND FOR NP

STATEMENT #3

VIS-A-VIS THE HIGGS, THE TOP IS A SPECIAL QUARK
(OR EQUIVALENTLY IT IS THE ONLY NORMAL ONE)
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WHAT (IF ANY) IS THE BEST STRATEGY?

4 R
STATEMENT #1

THE ONLY VIABLE APPROACH TO LOOK FOR NP AT THE LHC IS TO COVER

THE WIDEST RANGE OF TH- AND/OR EXP-MOTIVATED SEARCHES.
\_ Y,

e A
STATEMENT #2

THE HIGGS PROVIDES A PRIVILEGED SEARCHING GROUND FOR NP

STATEMENT #3

VIS-A-VIS THE HIGGS, THE TOP IS A SPECIAL QUARK
(OR EQUIVALENTLY IT IS THE ONLY NORMAL ONE)

STATEMENT #4

FINE TUNING
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FINE TUNING

QUANTUM CORRECTIONS AFFECT THE STABILITY OF THE HIGGS

MASS. CONSIDER THE SM AS AN EFFECTIVE FIELD THEORY VALID
UP TO SCALE A:

- > —_ - - - >— - H =>-
3 1 1
i = M S T T S

PUTTING NUMBERS, ONE GETS:

A 2
(125GeV)? = miy + [—(2TeV)? + (700 GeV)?* + (500 GeV)?] (1 OTeV)
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FINE TUNING

tree loops

MH? ~ (125 GEV)? T

top WZ Higgs

A 2
(125GeV)? = mi + [—(2TeV)? + (700 GeV)? + (500 GeV)?] ( . OTGV)

DEFINITION OF NATURALNESS: LESS THAN 90% CANCELLATION:

At < 3TeV = NEW TOP/HIGGS RELATED PHYSICS MUST BE “LIGHT”
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WHAT (IF ANY) IS THE BEST STRATEGY?

Model-dependent Model-independent

SUSY, 2HDM, ED.... simplified models, EFT, ...

Search for new

Search for new states | .
INteractions

specific models, simplified models anomalous couplings, EFT...

Exotic signatures Standard signatures

precision measurements rare processes
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SEARCH FOR NEW INTERACTIONS

+ SUCH A PROGRAMME IS BASED ON LARGE SET OF MEASUREMENTS,
BOTH IN THE EXPLORATION AND IN THE PRECISION PHASES:

+ EXPLORATION: BOUND HIGGS COUPLINGS

+ PRECISION PHASE I (DAWN):
LOOK FOR DEVIATIONS WRT DIM=4 SM (RESCALING FACTORS)

+ PRECISION PHASE Il (LEGACY):
MEASURE/BOUND THE DIM=6 SM PARAMETERS (EFT)

+ RARE SM PROCESSES (INDUCED BY SMALL INTERACTIONS, SUCH AS
THOSE INVOLVING THE HIGGS WITH FIRST AND SECOND FERMION
GENERATIONS OR FLAVOUR CHANGING NEUTRAL INTERACTIONS) ARE
STILL IN THE EXPLORATION PHASE.

+ FOR INTERACTIONS WITH VECTOR BOSON AND THIRD GENERATION
FERMIONS WE ARE READY TO MOVE TO PHASE IlI.

PortRoz 2015 - Particle Phenomenology 7/ Fabio Maltonl



THE EFT APPROACH

THE MATTER CONTENT OF SM HAS BEEN EXPERIMENTALLY VERIFIED
AND EVIDENCE FOR LIGHT STATES IS NOT PRESENT.

SM MEASUREMENTS CAN ALWAYS BE SEEN AS SEARCHES FOR
DEVIATIONS FROM THE DIM=4 SM LAGRANGIAN PREDICTIONS. MORE
IN GENERAL ONE CAN INTERPRET MEASUREMENTS IN TERMS OF AN

EFT:
£© — o Z

THE BSM AMBITIONS OF THE LHC HIGGS/TOP/SM PHYSICS
PROGRAMMES CAN BE RECAST IN A SIMPLE AND POWERFUL WAY IN
TERMS OF ONE STATEMENT:

“BSM GOAL” OF THE SM LHC PROGRAMME:

DETERMINATION OF THE COUPLINGS OF THE SM L UP TO DIM=6
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THE EFT APPROACH

[Grazdkowski et al, 10]

: DIM=6 SM LAGRANGIAN

X3 (,06 a.nd (,04D2 ¢2‘P3
Qc f ABCGZ‘}UGE pGS” Qy (0'p)? Qe ((php)(l,,&(p)
g | [APCGIGIPGSE || Qun (PTe)O(e'e) Que (#'0) (GpurP)
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BASED O N A LL
SYMMETRIES OF THE SM

THE

NEW PHYSICS IS HEAVIER THAN
THE RESONANCE ITSELF : A>Mx

QCD AND EW RENORMALIZABLE
(ORDER BY ORDER IN 1/A)

NUMBER OF EXTRA COUPLINGS
REDUCED BY SYMMETRIES AND
DIMENSIONAL ANALYSIS

EXTENDS THE REACH OF
SEARCHES FOR NP BEYOND THE
COLLIDER ENERGY.

VALID ONLY UP TO THE SCALE A
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THE EFT APPROACH

+ VERY POWERFUL APPROACH.

+ NOTE, HOWEVER, THAT IT ONLY MAKES SENSE IF A GLOBAL
CONSTRAINING STRATEGY IS USED TO EXTRACT INFORMATION FROM
THE DATA:

+ ASSUME ALL COUPLINGS MIGHT NOT BE ZERO AT THE EW SCALE.
+ IDENTIFY THE OPERATORS ENTERING EACH OBSERVABLE.

+ FIND ENOUGH OBSERVABLES (CROSS SECTIONS, BR’s,
DISTRIBUTIONS,...) TO CONSTRAIN ALL OPERATORS.

+ SOLVE THE (LINEAR) SYSTEM.

+ NEED FOR PREDICTIONS AT LEAST NLO IN QCD.
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TOP-HIGGS INTERACTIONS

IN PRINCIPLE A LARGE NUMBER OF OPERATORS ARE PRESENT. YET
VERY FEW OPERATORS OF DIM-6 ENTER IN TOP AND TOP-HIGGS
PHYSICS:

[Willenbrock and Zhang 201 |, Aguilar-Saavedra 201 |,Degrande et al. 201 1]

operator process

Og? = i(¢T I D,o)(qy"T1q) top decay, single top

Ow = (go*'7! t)qg [ " (with real coefficient) | top decay, single top

O(l 3) _ = (@'y,T qg)(qf},uT q) single top CP-even
O = (Go" A\4t)dGA 2., (with real coeflicient) | single top, qq,gg9 — tt

Og = fABcGﬁyGprg“ qgqg — tt

Ogc = 5(¢7 9)Ga, G gg — it

7 four-quark operators qq — tt

operator process

Ow = (go'r! t)gBWiy (with imaginary coefficient) | top decay, single top

Oiq = (cja“”)\At)q;Gﬁ‘V (with imaginary coefficient) | single top, qq, gg — tt CP-odd
Og = fapcGhY GBrGSr g9 — tt

O, = 3(¢T )G, G g9 — tt
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http://arxiv.org/abs/arXiv:1008.3869
http://arxiv.org/abs/arXiv:1008.3562
http://arxiv.org/abs/arXiv:1205.1065

TOP-HIGGS INTERACTIONS: FIRST STEP

FIRST CONSTRAIN OPERATORS THROUGH TOP-ANTI-TOP PRODUCTION. THERE ARE ONLY FIVE
OPERATORS ENTERING:

L7 = [:%M + A2 [ghOhg -+ CRORQ + &RO%CL + (R — L)]

AND IN CASE ONE IS INTERESTED ONLY IN TOTAL RATES (AND SPIN INDEPENDENT / FB SYMMETRIES)
ONLY THREE PARAMETERS ARE LEFT : GH , CV=CR+CL AND AA = AR - AR

> = >

Chromomagnetic operator Oy, = (HQ)o** Tt GA Four-fermion operators
}m< T LT qq annihilation:
T both cng and 4-fermion operators
SM SM g

gluon fusion i o q t
corrections from cpg only SR R

| - -

X I
- Y
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TOP-HIGGS INTERACTIONS: FIRST STEP

NON-RESONANT TOP PHILIC NEW PHYSICS CAN BE PROBED USING
MEASUREMENTS IN TOP PAIR PRODUCTION AT HADRON COLLIDERS

THIS MODEL-INDEPENDENT ANALYSIS CAN BE PERFORMED IN TERMS OF 8
OPERATORS.

OBSERVABLES DEPEND ON DIFFERENT COMBINATIONS OF ONLY 4 PARAMETERS:

o(gg — tt),do(gg — tt)/dt — cp,

o(qq — tt) < Chg, CVy
da(ch — ti)/dmtt <  Chg,Cvy
Arp <  Caq

spin correlations < Chg, CVu, CAyp
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TOP-HIGGS INTERACTIONS

CONSIDER, FOR EXAMPLE, THE FOLLOWING TOP-HIGGS INTERACTIONS:

Ohg — (QLH) O-,UJVTGJ.L.RGZV’ CHROMOMAGNETIC OPERATOR

OHy — HTH (HQL) tR YUKAWA OPERATOR

1
OHG J— §HTHGZ]/GZLV HIGGS-GLUON OPERATOR

_ 2a; % 0
AT NLO IN QCD THE FIRST TWO OPERATORS MIX: 7= T -2 -1
IN ADDITION, THE THIRD OPERATOR RECEIVES
CONTRIBUTIONS FROM THE FIRST TWO AT ONE LOOP:

A MEANINGFUL ANALYSIS CAN ONLY BE MADE BY CONSIDERING THEM ALL!
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TOP-HIGGS INTERACTIONS: CONSTRAINTS

FROM A GLOBAL FIT THE COUPLING OF THE HIGGS TO THE TOP IS POORLY
DETERMINED.

cy =1.044+0.03, ¢ =117 ¢, =1.067039, ¢ =1.0440.22
= —0.0024+0.036, c,, =0.001173992 ¢z, =0.00079%% .

Cu VS. cgg correlation |

0.020 T . SM o Op, = H'H (HQL) tr Ong = iHTHquGIJV
[ point |

0015 + Bestfit 1000606) / /

0.010- B | — A S -

Cgg

0.005
0.000 N
—0.0055 —

THE LOOP COULD STILL BE DOMINATED BY NP.

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

—05 00 05 10 15

[Belusca-Maite, Falkowski, 2013] ¢,
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http://arxiv.org/abs/arXiv:1311.1113

TOP-HIGGS INTERACTIONS: HIGH-PT

FROM A GLOBAL FIT THE COUPLING OF THE HIGGS TO
DETERMINED: THE LOOP COULD STILL BE DOMINATED BY NP.

[Grojean et al., 2013] [Banfi et al. 2014] [Buschmann, et al. 201 4]

THE TOP IS POORLY

pp—l>Hj

10"

gl
~
&

1 gmé: 10° 3

Oy, = H'H (HQp) tr One = 5JLIULIG;"WGgf”

700000

— sm

9
=
®
O
=
K
5
 [Hirschi and Mattelaer, to appear] g
[— NoB/SM  — RWGT/SM|]
0 100 200 300 400 500 600

pi |GeV]

EFT AT NLO PREDICTIONS AVAILABLE, YET SM NLO PREDICTIONS ARE NEEDED

CONTROL ACCURACY AND PRECISION.

PortRoz 2015 - Particle Phenomenology

Fabio Maltoni


http://arxiv.org/abs/arXiv:1410.5806
http://arxiv.org/abs/1312.3317
http://arxiv.org/abs/1308.4771
http://arxiv.org/abs/1312.3317

TOP-HIGGS INTERACTIONS: TTH
¢, (1TeV/A)* =0

S
L
Ny
>

L L g 0.0 ]
T
R L =
04
[
~0.6
08 0 1 2 3
o (pp — tth
( - ) _ 6111930 + [4571 g7 Reng — 497 15¢ca chg(1TeV/A)?

TeV [Degrande et al. 2012]

2
147tggCHG — 671_%263;] (T)

_|_
+ [5437133(Reng)? + 113273532,
+ 85.5103ch o+ 2101
+ 23373 Rengema — 501 1SRen ¢y
TeV \*
- 3.21_2%6}1?;61{@ — 1-21_§CHCHG] (T)

ANALYSIS DONE AT LO! NLO IS QUICKLY BECOMING AVAILABLE
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pp — tth
% %

DIFFERENT OPERATORS

INTERFERE

0.00 "

oBsl(s, T,u)=c1 F11(s,T,U) + C3 F31(s,T,U) + ...

oBs2(s,T,U) =cl1 F12(s,T,U) + c2 F22(Ss,T,U) + ...

oBs3(s,T,U) =cl1 F13(s,T,U) + c4 F43(s,T,U) + ...

LHC 14 TeV

— SM

— Int. SM Oy,
==== Ohgg $q. amp..‘
---- Int. SM Oug
Oy $q. amp. |

500 1000 1500
[Degrande et al. 2012] gy in Gev

IN A GIVEN PROCESS. THIS TOGETHER WITH
THE FACT THAT THE WILSON COEFFICIENTS RUN AND OPERATORS MIX, IMPLIES
THAT THE IT MAKES NO SENSE TO CONSTRAIN OPERATORS ONE AT THE TIME.
GLOBAL STRATEGY IS NEEDED:

NOT YET DONE AT THE LHC! ROOM FOR IMPROVEMENTS AND NEW IDEAS...

PortRoz 2015 - Particle Phenomenology
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http://arxiv.org/abs/arXiv:1205.1065

TOP-HIGGS INTERACTIONS: BOUNDING THE

CHROMOMAGNETIC OPERATOR

RECENT ANALYSIS AT NLO IN QCD

[Cen and Franzosi, 2015]

2
Bi| LO [pb TeV?] NLO [pb TeV?] |K factor
Tevatron| 1.61%0:95 (5,00 [1.81040:073 1550 | 1.12
. % . 7%
LHC8 | 50.74153 (Tos) | 72:628 058 (Tiaam) | 143
48.0 (+29.7%) 20.0 (+12.1%)
LHC13 |161.67355 (55 40| 239-57318 ("1330 | 1-48
LHC14 [191.37356 gtgg;g;;; 283.01336 g’_“};j’gj; 1.48
B2|LO [pb TeV*]|NLO [pb TeV*]
Tevatron 0.156 0.158
LHCS 8.94 11.8
LHC13 30.0 43.2
LHC14 35.7 51.6
LO [TeV—2]|NLO [TeV—2]
LHC8 |[[-0.56, 0.41] | [-0.42, 0.30]
LHC14 |[-0.56, 0.61]| [-0.39, 0.43]

19

107 ==

pp—tt, LHC14, C /A*=1 TeV?
(N)LO+HERWIG6

— SM(NLO)+O, (NLO) — SM(NLO)
— SM(NLO)+O_(LO)

MadGraph5_aMC@NLO

10
>
(0]
0]
o)
="
=
g 107°
©
2 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
_|_|_|_'_|_'_|_I — O4(NLO)/O_(LO) — (SM+O )/SM, NLO
1.5}
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1
1b00 1200 1400 1600 1800 2000 2200 2400
my [GeV]
10 £ P
C pp—ttat LHC13 ] 0,4(NLO)
~ (N)LO+HERWIG6 0,.(LO)
- Co/A%=1TeV? SM(NLO)
- ~ | SM(LO)
=
= —
I N A S
h
B s
e = B e o s

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
—NLO/LO,SM  — NLO/LO, O,

G

MadGraph5_aMC@NLO

0.5 1 2 25 3

15
IApD
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http://arxiv.org/abs/1503.08841

TOP-HIGGS INTERACTIONS: CP VIOLATION

L=y (HQ)tr +cu,H H(HQp)tR

CP VIOLATION IMPLIES RE AND IM NON-
ZERO. INCLUSIVE GG PRODUCTION ONLY
CONSTRAINS [ RE(Cuv)? + 9/4 IM(Cuy)? 1.

INDIRECT CONSTRAINTS FROM E-EDM
VERY STRONG, YET RELY ON ASSUMING

+SM COUPLINGS FOR THE LIGHT
FERMIONS.

+ NO OTHER STATES PRESENT IN THE
SPECTRUM

mtﬁzt@bt - @t(Re CHy T 1Im CHy%)wth
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http://arxiv.org/abs/1310.1385

TOP-HIGGS INTERACTIONS: CP VIOLATION

L=y (HQ)tr + cy,H H(HQ)tg
— mtlztlbt + &t(Re CHy T+ 1Jm CHy%)lDth

THERE ARE WAYS OF DIRECTLY ACCESSING PRESENCE OF CP-MIXING IN
TOP-HIGGS INTERACTIONS AT THE LHC:

pp—ttH pp— Hj)

PortRoz 2015 - Particle Phenomenology Fabio Maltonl



doldp(X,) [fb/20GeV]

TOP-HIGGS INTERACTIONS: CP VIOLATION

L=y (HQ)tr + cy,H H(HQ)tg
— mt&twt + &t(Re CHy T+ 1Jm CHy%)wth

10" k pp—>tIX0 at the LHC13 0* (SM)
- NLO+HERWIG6 — 0
[ acceptance cuts only — 0

100 :-—|—'_‘_\_\_\_\

10’ E

102

\ [E Demartin, FM, K. Mawatari, M. Zaro, 201 4]
10- PUEIPRE SR U RS SN N ST | ISR RS N RN SN N SR S | M 1

0 100 200 300 400 500 600 700

Pr(Xp) [GeV]
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MadGraph5_aMC@NLO

800

AT LO THE TWO CONTRIBUTIONS ADD UP
INCOHERENTLY. AT NLO IN QCD CP-EVEN
AND CP-ODD AMPLITUDES INTERFERE.

AT THRESHOLD LARGE DIFFERENCES
APPEAR.

AT HIGH HIGGs PT SHAPES AND
NORMALIZATION EXACTLY EQUAL (MT
EFFECTS BECOME SUBDOMINANT)

— BOOSTED ANALYSES INSENSITIVE TO CP?

ANGULAR VARIABLES BETWEEN THE
DAUGHTERS OF THE TOP ARE SENSITIVE TO
THE CP-MIXING.

22 Fabio Maltoni


http://arxiv.org/abs/1407.5089

doldp(X,) [fb/20GeV]

TOP-HIGGS INTERACTIONS: CP VIOLATION

L=y (HQ)tr + cy,H H(HQ)tg
— mt&twt + &t(Re CHy T+ 1Jm CHy%)wth

10" k pp—>tIX0 at the LHC13 0* (SM)
- NLO+HERWIG6 — 0
[ acceptance cuts only 0*

[E Demartin, FM, K. Mawatari, M. Zaro, 201 4]

0 100 200 300 400 500 600 700

Pr(Xp) [GeV]
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MadGraph5_aMC@NLO

800

AT LO THE TWO CONTRIBUTIONS ADD UP
INCOHERENTLY. AT NLO IN QCD CP-EVEN
AND CP-ODD AMPLITUDES INTERFERE.

AT THRESHOLD LARGE DIFFERENCES
APPEAR.

AT HIGH HIGGs PT SHAPES AND
NORMALIZATION EXACTLY EQUAL (MT
EFFECTS BECOME SUBDOMINANT)

— BOOSTED ANALYSES INSENSITIVE TO CP?

ANGULAR VARIABLES BETWEEN THE
DAUGHTERS OF THE TOP ARE SENSITIVE TO
THE CP-MIXING.
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http://arxiv.org/abs/1407.5089

TOP-HIGGS INTERACTIONS: CP VIOLATION

THE CP-MIXING IN THE TOP COUPLING INDUCES A CP-MIXING AT
THE LEVEL OF THE H-GLUON-GLUON COUPLINGS:

do/dm(js.jp) [pb/50GeV]

L = —{caﬁzHgHG“ G 4 Sa/ngAGZVé“’W}h

PortRoz 2015 - Particle Phenomenology

GF vs VBF +
L . — 07 (GF, SM)
: pp—X,jj atthe LHC13 — 0 ((G.F) ) 3
- NLO+HERWIG6 E— 0‘ (GF) ]
. acceptance cuts only ------- 07 (VBF, SM) ]
=== 0" (VBF, HD)
—=-== 0 (VBF, HD)
=== 0" (VBF, HD) _
io
-
e 1 ©
©
- Lol
1 C
18
10
(I ©
e e S 18
,-—t:::_—.‘:‘:-:_______l____ >
1500

PP—HJJ

[F. Demartin, FM, K. Mawatari, M. Zaro, 2014]

o | GFvsVBF —— 0% (GF, SM)

107 F pp—X,jj atthe LHC13 — 0.(GF) ]

[ NLO+HERWIG6 8_ ((35?: SM) |

[ m(jy,jp) > 500 GeV —--- 0* (VBF, HD) |

- 0_(VBF, HD) |

- 0° (VBF, HD)

10 3 ]
|o
-
- &
2| o
10 L ] S
. 1
lw
<
1a
g
16
©
1 ©
. =

103 _ '

0 100 200 300
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http://arxiv.org/abs/1407.5089

TOP-HIGGS INTERACTIONS: CP VIOLATION

THE CP-MIXING IN THE TOP COUPLING INDUCES A CP-MIXING AT
THE LEVEL OF THE H-GLUON-GLUON COUPLINGS:

1 -
L = Z{camHgHGZ,/Ga’“” -+ Sa/ngAGZVG“’W}h

PP—HJJ [F. Demartin, FM, K. Mawatari, Zaro, 2014]
030 | z;i:)':g]j Rﬁg atthe LHC13 8‘+ — 0.30 |- zf;:gn Rﬁg at the LHC13 o (5M) ] 0.30 | m;):gjﬁfg)s at the LHC13 o
acceptance cuts only — 0 mlis.Jp) > 250 GeV —0 Ms.ip) > 500 GeV — 0
025 | - 0.25 |- § 0.25 |
020 | - 0.20 |- . 0.20 |
0.15 | - 0.15 |- § 0.15 | §
S —19 ] | 9
0.10 F 419 0.10 | 18 0.10 | 4,—'_, — 42
=1 3 L .
£ S £ — g
0.05 |- 18 005 F 18 oosp [ | [ 18
$ $ :
O.W M M M s 1 M M M M ooo M 1 M M M 0-00 1
0 /2 x 0 w2 n 0 n'2 n
[ AO(y.)2) | | AO(jy.)) | | Ad(4.)2) |

DELTA(PHI) AMONG THE JETS IS A SENSITIVE VARIABLE AS MJJ INCREASES.
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http://arxiv.org/abs/1407.5089

TOP-HIGGS INTERACTIONS:

THE RELATIVE SIGN OF THE YUKAWA TOP

COUPLING

H— 7YY IS SENSITIVE

TO THE SIGN.

IS FIXED BY UNITARITY IN THE SM.

IN

PRODUCTION THJ CAN PROVIDE FURTHER

CONSTRAINTS.

CP VIOLATION

140 — t-channel tH atthe LHCI3 ... 4F LO - ttX, and t-channel tX, atthe LHC13
hl-c.:lusive Cross section SONLO NLO inclusive cross section X
120 . ‘ SFLO 103 gluon fusion @ SM rate &XO
L=- %‘z’ I‘Zt (CaK'Htt + 18K 4, V5 hbt XO
100
p— E ""‘“"'-o-..,“
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THE ROAD AHEAD

+ THE INTERPRETATION OF MOST OF THE SM/HIGGS/TOP

MEASUREMENTS ANALYSES CAN BE RECAST IN TERMS OF AN EFT.
YET THE IMPLEMENTATION OF A GLOBAL APPROACH/FRAMEWORK IS
NEEDED. (DEDICATED) DIFFERENTIAL MEASUREMENTS WILL ALSO
PROVIDE VALUABLE INFORMATION.

THE PRECISION OF THE THEORETICAL PREDICTIONS FOR THE DIM=4
SM WILL KEEP TO BE IMPROVED, BY INCLUDING NNLO IN QCD AND
NLO IN EW CORRECTIONS IN A FULLY EXCLUSIVE WAY. PREDICTIONS
FOR EFT AT NLO HAVE STARTED TO BECOME AVAILABLE THROUGH
THE MADGRAPHS AMCEGNLO PLATFORM.

PROOF OF PRINCIPLE AVAILABLE OF A GLOBAL APPROACH AT NLO IN
QCD FOR FCNC TOP QUARK. [G. Durieux , FM, C. Zhang, 2014]

CONSIDERABLE WORK STILL TO BE DONE AND CONSTRAINING
STRATEGIES NEED TO BE FULLY WORKED OUT/OPTIMISED.

NEW JOINT TH/EXP EFFORT!
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CONCLUSIONS

THE DISCOVERY OF A SCALAR BOSON HAS OPENED A NEW REALM OF
POSSIBILITIES FOR SEARCHING NEW PHYSICS.

THE MOST BEATEN PATH FOR SEARCHING NEW PHYSICS AT THE LHC
INVOLVE TOP-DOWN (OR SIMPLIFIED MODELS) APPROACH TO
DETECTING NEW RESONANCES.

A COMPLEMENTARY AND FAR REACHING APPROACH IS THAT OF
SEARCHING FOR NEW INTERACTIONS EMPLOYING AN EFT FRAMEWORK.

PRECISION DIM=6 SM MEASUREMENTS, IN PARTICULAR FOR HIGGS
AND TOP QUARK, CAN EXTEND THE REACH OF NEW PHYSICS SEARCHES
AT THE LHC.
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GLOBAL APPROACH TO TOP-HIGGS FCNC

[Durieux, FM, Zhang 2014]

THE STUDY OF FCNC COUPLINGS CAN BRING NEW INFORMATION:
[Drobnak, 2012 based on CMS and ATLAS results] [Kao et al. 2011 , Kai-Feng et al 2013] [Zhang FM, 201 3]
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WHILE THE EXP SEARCHES ARE COMPLETELY DIFFERENT, ONE HAS TO REMEMBER
THAT THE DECAY RATES WILL DEPEND ON SEVERAL OPERATORS THAT ARE LINKED BY
GAUGE SYMMETRY. FOR EXAMPLE:
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TOP-HIGGS FCNC

[Durieux, FM, Zhang 2014]
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GLOBAL APPROACH TO TOP-HIGGS FCNC

[Durieux, FM, Zhang 2014]

pp —th

CONTRIBUTIONS APPEAR AT LO FROM Os
AND ONE FROM O+g..

AT NLO IN QCD OTg MIXES WITH ALL THE
OTHER OPERATORS SO IT HAS ALWAYS TO BE
INCLUDED.

IT ALSO MEANS THAT IF A SPECIFIC
(ARBITRARY) CHOICE OF COEFFICIENT
OPERATORS IS MADE AT HIGH SCALES
(WHERE ONE CAN IMAGINE A FULL THEORY
TO LIVE) MANY OPERATORS BECOME ACTIVE
WHEN EVOLVED TO LOWER SCALES.

ONLY A GLOBAL/FIT APPROACH ON
CONSTRAINING SUCH OPERATORS AT THE
SAME TIME CAN BE USEFUL STRATEGY AND
IT HAS TO BE AT LEAST NLO IN QCD.
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GLOBAL APPROACH TO TOP-HIGGS FCNC

[Durieux, FM, Zhang 2014]

THE OPERATORS HAVE BEEN IMPLEMENTED IN FEYNRULES, THE MODEL WAS
UPGRADED TO NLO AUTOMATICALLY AND THEN PASSED TO MG5_AMC.

RESULTS SHOWN HERE AT NLO. THE PP —THJ INTERESTING PROCESS BY ITSELF...
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COMPLETE IMPLEMENTATION OF ALL OPERATORS OF DIM=6 AT NLO (INCLUDING FOUR
FERMION OPERATORS) IN QCD IS ON GOING.
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GLOBAL APPROACH TO TOP-HIGGS FCNC

[Durieux, FM, Zhang 2014]
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FIRST PROOF OF PRINCIPLE THAT A COMPLETE GLOBAL FITTING STRATEGY IN A SELF-
CONTAINED SECTOR OF THE TOP EFT IS POSSIBLE ALREADY WITH THE AVAILABLE
MEASUREMENTS.
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TOWARDS A GLOBAL FIT AT NLO

[Cen Zhang]
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Og = gsfABC Gl G’ Go* and O,c = g2 (¢'¢) G}, G¥ are included because they mix with

other top-quark operators and play a role in NLO calculations.
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