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Introduction

» Why we want to test the SM at the LHC?

(i) Strong hints that NP must appear at the TeV scale:

(i) Some directions in the SM poorly tested.



Introduction

What New Physics at the TeV!?
Strongly Interacting Sector (analogous to QCD)

v

—>
Aqcp Mp

. . Prevents from receiving
Composite Higgs , ,
Planckian corrections

- If the Higgs is Composite, why not the whole plethora of SM
particles!?

= What do we know about the SM so far?



Introduction

Legacy from past experiments

Properties of leptons very well
° LEP > measured through e+ e- collisions
(per mille level)

Quark-Lepton Universality | H-quarks

° —> as elementar
KLOE Grlawarks | _ 103 |::> y

Gr leptons as |eptons

Tests the RH-quark sector.
This direction is “poorly measured”

® TJevatron >



Framework

RH-quark sector has not been well tested so far

LHC can do better!

Model Independent approach

We parametrize the NP effects with a set of higher dimensional
operators:

G nd=6
LeffZLSM | AQO,L- + -

N———
NP effects




Framework

C;

A2 O

Two classes of Operators in the expansion

|. Extra Derivatives: ¢; ~ O(1)
Yy oD, F* . D, DVH | ...

2. Extra Fields: 0 <¢; < 9[2) ~ 167°

(&V/NM (HTDMH) ; (&7/%@2



Framework

Two classes of Operators in the expansion C’)

AQ

|. Extra Derivatives: ¢; ~ O(1)

1EWM¢DVFW y @EwD,uD'uH y




Framework

C;

A2 O

Two classes of Operators in the expansion

|. Extra Derivatives: ¢; ~ O(1)

by, 0D, F* | pD,DFH | ...

2. Extra Fields: 0 <¢; < gi ~ 167°




Framework

Ci; , —
® 4-Quark operators O4q — F(¢7ﬂ¢)2

can be constrained through Dijet processes: (pp —> j )

Mgq'—qq X I ><
\/ ~—

4-Quark Op.



Framework

How many Independent 4-Quark Operators?

» U3)y, X U3)arp X U(2)y, global symmetry of the strong sector.

» Only |Ist family quarks are relevant for Dijets

|0 independent 4-Quark operators!



Dijets

p How can we constrain the 4-Quark operators?

Through Dijet distributions

Latest data from CMS
(arXiv:1202.5535)

—

CMS
\l§ =7 TeV
L=22fh"

——4— Data
: ' QCD prediction
— — A g =7 TeV (NLO)

cr A mr =7 TeV (NLO)
...... ~ Ajupr =7 TeV (LO)

R Agpe = 7 TeV (LO)
Ayvan =7 TeV (LO)

Ayyan =7 TeV (LO)
..... Ayn =7TeV(LO)




Dijets

p How can we constrain the 4-Quark operators?

Through Dijet distributions £

%é 220 cms —4— Data
2 o2f Js=77ev N QcD prediction
Fouf et jumrTmwo
= ' ceenee Al pr =7 TE
Latest data from CMS P oqgb | MiTROTV =TTV WO)
g e F | | - Al =7 TeV (LO)
(arXiv:1202.5535) € orab i =TIV 0O
— Ayyan =7 TeV (LO)

0.12 : i
L e Ayan =7TeVILO)

NP peaked at low X : - + +

SM distribution is flat




Dijets

N(X < S,mjj > BTGV)
N(x < 16,m,; > 3TeV)

We define: F, 'V =

When including 4-Quark Operators:

F3TV o (F3TV) g0 — L f(e) + 4 g(e - ¢)

That we compare with

, 0.003 < (F2? 1Y) yp £0.15  at 95% C.L.
the experimental value X



® Bounds on 4-Quark Operators:

Constructive

Interference
SM-NP

—

Results

> N\ N\ €
Operator (A_/\/¢c; (A+//¢; (TeV)

& 45 30

1
o) 2.4 2.0
o) 2.2 2.2
O, 1.8 1.3
)% 5.0 3.5
0P 3.4 2.0
o4 2.5 2.5
O 1.9 1.5

1
(’)%d) 1.9 1.9
o, 1.4 1.2

Destructive

Interference
SM-NP



Results

® Composite scenarios:

Composite States f (TeV)

dg 1.5
Upr 3.2
UR, dR 3.0
dr 3.8
qL, AR 4.0
qL, UR 4.9

dr, UR, dR 9.2




Results

® Heavy Gluon resonances:

Lint = G [9LaLT* V" qr + 9rarT*¥"qr]
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Summary

RH-Quark sector has been poorly explored so far
- Only explored by Tevatron at E = | TeV

- Dijets at the LHC can do a better job

From the Dijet analysis we can bound:
=  4-Quark operators
- Composite scenarios

- Models of heavy particles coupled to quarks

- EWP Parameters: W, Yand Z

All these bounds can be improved if Luminosity &/or Energy increase



Backup Slides

® |ndependent 4-Quark operators:

O = (ary*ur)(GrY.ur)

Oc(l}i) = (dry"dr)(drYudR)

Oz(iz) = (urY*ur)(dry.dR)

0f) = (ary"T*ur)(dry, T dR)
0fF = (@r"aw)(@.a)

Oé?z) = (@*T%q)(@v.T%qL)
(’)é,t) = (q7"qr)(UrYu.uR)

O = (T4 q)(ary,T ug)
ngz) = (qv"qr)(drVudr)

O = (@y*T4qr)(dry,TdR)



Backup Slides

® Oblique parameters:

001} .

I lor ]
0.00} //_
W‘OOIE \ @—3525@

_o.ozé / Best bound for Z up to date

_0'03-_11.111.111111...l...l.—
-006 -004 -002 0.00 0.02 0.04

Y




