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LHC Exploration
(so far 2009-2015)

Focus: Search %or new Lic k& particles
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P Experimentally:First accessible signal/Easy to study

DTheoreEECattjt Present in many (we;awtv @aupiec&) models



LHC Exr:ztora&om

(Low —> 2030's)

Focus: Standard Model Precision Tests
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> Experimentally/Theoretically: very challenging (See Caola)

DTheoreﬁtai.i.v: Presenk A nmay s&rm\g\i.v toupi&d models



Precision Tesks ok H&gkm’zmmgj
M%% ﬁ el

» 22 Processes exploit LHC High-& reach

p Each process represents an independent probe of
independent New Physics...

» ..yet some are potentially bebter Ehan obhers



Obs%atteséoremsmm 1

The SM and D=6 Lagranailans are invariant under
¢ — —¢ (broken bj Yukawas i SM)

Amplitudes with an odd number of scalars suppressed by
gsm(®)  msu

_ (201 for a WeFooGeV)
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Obstacles bo T’@;{‘;‘LSLOM 2

abt dim-& some processes not modified

>—Z§ —

4477
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(unfortunate: Z Lleptonic decays could make for
precision observables)



Obs%&&iﬁsﬁure&cszam 3

Ncwlm%er{:eremie* At LHC, , skates have
well defined helicity h
j&m?ﬁpemm Massless Limit + btree level

+ ok least owne Eransverse vecktor

TR
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SM and BSMe contribute to different
helicity amplitudes
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0
0

No inkerference

Azatov,Contino,Machado,FR16 SMOJ.L Q‘f‘f@.ﬁ&% eVvein SMQLL@T.



Obstacles ko ‘Premsmm 4-

o

Suppression in total cross-section for Longitudinal component
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Obstacles bo Precision

Suppressiov\ LA
tobkal cross-seckion

No c&;m-m@ @,ﬁ@,@%s Su[ﬂpressed at hcgh*E’ - No-Interference



1) Same physics (operators) in similar unsuppressed amps

WLWL — hh

1E¢ — Wh .but Boosted Higgsrbb!?
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AT (du — WZ) x cosf — 3

= U central region LL
dominates... but not abk NLO!

x do /df

Patarﬁa&om measuremenks?
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2) NLO effects do interfere .




Obstacles bo Precision

Suppressiov\ LA
tobkal cross-seckion

No c&;m-m@ @,ﬁ@,@%s Su[ﬂpressed at hcgh*E’ - No-Interference



>< 4 Focus on the most promising

What do we WANT to learn? Power-counting
captures broad BSM hypotheses in the EFT Llanguage

}SEMPL&SEI BSM has owne scale i, one ﬂoupi.ms , svmmeérms
0 (8
Loy = £SM+Z R +ZZ\J440§8> + -
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BSM kjpoﬁh@sis 1: Vectors

New physics couples to transverse vectors only >w'w<

(e.q9 universal theories, “composite” vectors,...) |
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Cownsisktent with EFT



BSM kjpo%k@.sis 2: Comgos&%a Fermions

New Fahjsws ﬁouptes to a fermion omtj (e.qg dg) ><

(e.g fermion partial compositeness in RS)

— — Enhanced f BSM skronaly coupled —» g5 | -
Dot ® T nhanced if g*s gz:g y couple ﬁ*z (D7,u1))?
DD — 717 M 2 40 TeV (g« = 4mr)

Beyond reach of any future direct collider...

Bellazzini,FR,Serra,Sgarlata’ to appear



BSM po&h@.sis 3 Quarkes as
gseudagotds&mo5

Spontaneously broken supersymmelry: massless goldstine ¢
2

Shift symmekbry o6 =& +i209,0(n"¢ — Ey'0)
-— — 92 _
Lepr = W y*0u9" + - 5 (00 ) - - - ST

forbidden bv symmetry
First nteraction ak

P dina—& small
P BSM afirs& abt dim-¥, can be associated with large g+ = 4

small, pro&ec&ed

M 2 9TeV if only dR pseudogoldstine
M 2 19TeV ¢ all quarks pseudogoldstini



BOSM I F’o&h@.sis 3 Quarkes as
T?seu.ciogatciswf\0$

2

B
We are used ko BSM ~ —

M2
, B4
This is a structured scenario with “softer” interactions~ —
E6
Are evein softer behaviors ~ G possible?

Positivity constraints from analyticibyunitariby:
Symwmetries that protect dim-10 (or higher) are never exact

Adams,Arkani-hamed,Dubovsky,Nicolis,Rattazzi’'06;
Bellazzini‘1é;...

Bellazzini,FR,Serra,Sgarla’ra' to appear



Message

SM precision tests will define the new distance fronkier
1W\ O-—»‘Z

p LHC good in High-E 252 processes

Many challenges: non-interference, suppression A Oiot ..

p Only 4-fermion amplitudes sinn-free



Messaqge
g %M Skandard Model

9% Mo New Pkysws . vectors M Z 6TeV

) Giyra  New physics in fermions M 2 40TeV
(strongly ﬁaupted/acmposiﬁe) (9« = 4m)
) B
ey New physics: SM fermions M(gz:94”7lr’)ev

as Psaudaﬂgoidsﬁni

(with well-defined hjpo&heses) qua\v\&&es
our khowledge of small distances (and of the SM)



