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Introduction

7 TeV LHC parton kinematics

® QCD processes are dominant in 10’ T T se010
pp collisions at LHC 10° E;;wa e e :
they affect all measurements;as
signal or as background 10"
must be understood in detalil 5
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° NO |
® A more precise knowledge of '0?
QCD is important for new- v=6
physics searches 10° Z
M =10 GeV
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for SUSY searches :
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Large Hadron Collider

CMS Proton-Proton 2835 bunch/beam
mnr = a v Protons/bunch 10"
i - Beam energy 7 TeV (7x10" eV)
"y North Area Luminosity 10* cm? s

LHCb

J -' . -
. Bunch ':g;,:.’ ";-f Crossing rate 40 MHz
2 S PS E ~N Proton Q e Collisions =  107-10°H
ATLAS oNGs \| ollisions = z
: / TT60 Gran Sasso
I Parton .
(quark, gluon) < ‘
M2 AD
Higas
East Area Particle Higgs
""""""" ®  susy..
X INAC 27 <
< mc f () LErR

+ The LHC is the world’s largest and the most powerful collider (run at 7 TeV and 8 TeV so far)

* Located in the existing LEP tunnel between 50 and |75 m underground with 26.7 km
circumference long.

+  The LHC hosts four main detectors (ALICE,ATLAS, CMS, LHCDb).

* The first pp collision in March 2010, the first Pb-Pb collision in November 2010, and the first p-
Pb collisions in September 2012
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CMS Detector

SILICON TRACKER
Pixels (100 x 150 wm?)
e e c o r ~im?  ~66M channels

e The Compact Muon Solenoid (CMS) is a Piels .
multi purpose detector at the LHC. Tracker ' S uonrrein
glOCIéIEOId PRESHOWER
e The CMS detector design is similar to the Muons .

structure of an onion.

~13000 tonnes

SUPERCONDUCTING

* CMS consists of several layers of each one
which is specialised to measure and identify et
different classes of particles.

FORWARD
CALORIMETER
Steel + quartz fibres

HADRON CALORIMETER (HCAL)

v ~2k channels

Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS

Overall diameter :150m ~7K channels Bamel. 250 Diift Tube & 480 Resistive Plale Chambers

Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

. Magnetic field :38T
 The detector requirements for CMS
= . = Key; Muon
El
e Good muon identification and e nen e

I"l Neutral Hadron (e.g. Neutron)
vy mmm=- Photon

momentum resolution,
* Good charged particle momentum
resolution and reconstruction efficiency
in the inner tracker,
* Good electromagnetic energy
resolution, good diphoton and dielectron
mass resolution,

Tracking: |n| < 2.5

F
S
-
L
S < ‘.
g AR
~ \. 7 .
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Calorimeter : Central calorimetry: |[n| <3
2 e - Hadron I 1 -
e Good MET and dijet mass resolution. el g pentin Forward calorimetry: 3 <Inl <3
om im 2m 3m 4m Sm 6m m
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CMS Detector

Collisions throughout the years

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Very successful LHC operations in 2010-2012
8 TeV: Challenging environment
Very high pile-up, new techniques
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— 2010, 7 TeV, 44.2 pb!
m— 2011, 7 TeV, 6.1 !
— 2012, 8 TeV, 23.3 b !
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13 TeV in 2015
LHC may exceed design luminosity and
run at higher than design pile-up
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CMS Detector 1/10 of the Collaborators
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Jet Reconstruction

Jets are the experimental signatures of quarks and gluons
Invaluable objects to probe QCD

® |tis an object that is clustered out of collimated spray of particles
by using a set of mathematical rules

AR?,
D?2

Calorimeter Jets

__.2p s 2p _ 2p
dz’j = P dz’j - ’m’tn(pT’z-,pT,j)

e CMS’s default jet reconstruction algorithm is “anti-k; jet” algorithm

with p=-1 in the expression above
e successive recombination (belongs to the k; family)

® infrared and collinear safe
® geometrically cone-like (some round shape in the y-p plane)
® tends to cluster around the hard energy depositions

HC4L

N—

Particle Flow Jets
® The jet reconstruction in CMS follows the “E-Scheme”
® addition of Lorentz vectors
® massless particles = massive jets

57
g,
Z

calorimeter towers or
particle-flow e
candidates
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Jet Reconstruction and Calibration

°Jet Energy Calibration

* Factorized approach is used like in Tevatron

e offset correction

e relative correction

e absolute JEC scale determined with
Z= U U tjet, Z—eTetjet/Ytjet

I\ ----PFjets

Total JES Uncertainty [%]
2

[$)]
— T T T

% 20 3
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Jet Calibration vs. n is better than 0.5% in |Njec|<2 region

* pile-up corrections becomes important

e dijet py balance

* MPF method adopted from Dg
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Importance of QCD Knowledge

Famous Analogy
HEPEXx Searches - searching for a needle in a haystack!

Bora Isildak Importance of QCD Knowledge _




Importance of QCD Knowledge

Bora Isildak

searching for a specific needle in a needle stack!
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Importance of QCD Knowledge

universal

| . jorsey/  e—— s
Vs e oot

1| round side

Type of needles.

e Their details.

oars Only then, we can
| recognise the new
ot roove sy E———— naadles in the stack.

leather i

self- — _
T — S
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Higgs DiSCOVGI’)’ at CMS (sine qua non)

o LELELEL I LI I LB l | L 153 ) I =1, 8:°0 l | FSl A =) ' | IS S L ' LI
3 ATLAS 2011 -2012 S8
3 s=7TeV: [Ldt=4.6-4.8b" ---- Exp.
s=8TeV: [Ldt=5.859fb" B+ic 7
10E AR ey e L ettt L e T ?g Gir sl Sk N oA
102\ e 2 PELY.SIES,
10°% Y ST d 35 )
-4 B+
:g_s --------------- .‘ ---------------------- » -J 40 - YA e --'r, -3
-6 > :
18-7 """""""""""" 50 3 1 ??M .
: S w U TR AR
10°%} — 5|
10-9 ........................................ 60. g :
10’10 wim;
10-11

|+ Q
=
w

222§

110 115 120 125 130 135 140 145 150
s Grmuiosiw Gl HERR)

Si(S+B) Weighted
8

o 1 = , 0 -
E > Z  \JIRJ = 1c 10 120 130 'mm,.. (‘ng\l)
g 2 ~ 20 .
L 10 ~
3’ — \ _|{30
8 10k NF ‘
3 10 -_ .............. - _-:40
10°F \_/ =l
] ]
====Exp.forSMH |  Teee ‘ 66 e
| — H 2 A = — Ozmird ’ prand Capeatea "-aw‘- la
10 _H:g : 300 400 500
Htindiil Phys. Lett. B 716 (2012) 30 m, (GeV]
B H— bb , 20

= i 1 Sl 1
1012—1lI]lIll[llIIl[]llll[]ll’AIllIll!Ill—l

110 115 120 125 130 135 140 145
m, (GeV)

Bora Isildak Higgs Discovery at CMS (sine qua non)




Recent Results from CMS Experiment at LHC

Higgs DiSCOVGI’)’ at CMS (sine qua non) Phys. Lett. B 716 (2012) 30-6|

in five decay modes; . oms (s=7TeV,L=51"Vs=8TeV,L=53fb"
_I [ | [ [ [ [ | [ [ [ ]
H— vy, ZZ, W*W-, 1t*1-, and bb 8 |
To) |
An excess of events is observed above the :1500 ‘ .
expected background, with a local significance o |
of 5.0 standard deviations, at a mass near |25 c |
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W1000
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- 2
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Higgs DiSCOVGI")’ at CMS (sine qua non)

signal strengths Higgs spin and parity
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CMS Cross Section Measurements
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CMS Cross Section Measurements
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Sensitivity of Strong Coupling
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Strong Coupling (xXs(Q)) Results CMS-PAS-SMP-12-028
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Dijet Mass Production Cross Section at 8 TeV
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be given in terms of proton momentum fractions X ,

The dijet cross section as a function of M;jj2 can be
precisely calculated in perturbative QCD and it also
allows sensitive searches for physics beyond the
Standard Model, such as dijet narrow resonances or
contact interaction searches.
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Recent Results from CMS Experiment at LHC

Z boson and b jets cross section

Invariant mass of the b-jet pair (Mbb) , in Z+2b-jets final

state, is used in the study of the Higgs boson produced

in association with a Z boson and decaying into two b
jets, in the Z(I)H(bb) final state.

Understanding the details of the kinematics is important
in the search for undiscovered particles as well as for the
study of the newly discovered Higgs boson in similar
topologies.

To account for migrations between different b-jet
multiplicities,a 2 X 2 matrix equation is

Z+1b
o 1 _ _ _ _ NZ
) — et xet xept xent x| 59 0
0Z4+2b [: NS’ig

Simple Secondary Vertex’ (SSV) b-tagging
* 1% misstagging
» 55% b-tag efficiency

Events / 2 GeV
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Z boson and b jets cross section

arXiv:1402.1521vl
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Measured cross sections and expectations from MADGRAPH, MCFM

and aMC@NLO:

Cross section Measured MADGRAPH aMC@NLO MCFM MADGRAPH aMC@NLO
(5F) (5F) (parton level) (4F) (4F)
oz (Pb) | 3.52+£002+£020 | 3.66+022 3707535 3.031030 <ok e U I Y
0zi2b (pb) | 0.36+0.01+£0.07 | 037+£007 029750 1 e 0.3g3% 035400
oz+1 (pb) 3.88+0.02+0.22 | 4.03+024  399'0% 3.23+0-4 3497032 271 s
Ozibsz+ (%) | 515+0.03+£025| 535+0.11 538793 4. 7504 463798 3.65107
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ytjets differential cross section arXiv:1311.6141v]
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ytjets differential cross section
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The measurements are compared to theoretical
predictions from the SHERPA leading-order QCD
Monte Carlo event generator and the next-to-
leading-order perturbative QCD calculation from
JETPHOX.

The predictions are found to be
consistent with the data over most of
the examined kinematic region.
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The total cross section measured in data for the phase space defined above is:
0=17.2%0.2 (stat.) £ 1.9 (syst.) = 0.4 (lum.) pb,
compared with

gNNLO(QYNNLO) = 16.2(+1.5)(~1.3) (scale) pb

(DIPHOX + GAMMA2MC) = 12.8(+1.6)(~1.5) (scale)(+0.6)(-0.8) (pdf+ais ) pb,
gNLO(RESBOS) = 14.9(+2.2)(~1.7) (scale) % 0.6 (pdf+aS) pb,

GLO(SHERPA) = 15.2(+3.2)(-1.9) (scale) pb.
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VZ production cross section in VZ — Vbb-bar decay channel  arXiv:1403.3047vl

In pp collisions at /s = 8 TeV, the predicted cross sections are O(pp —

WZ) =223 = |.| pband o(pp = ZZ) = 7.7 + 0.4 pb at next-to-leading
order (NLO) in quantum chromodynamics (QCD)
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VZ production cross section in VZ — Vbb-bar decay channel
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New Physics?
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CMS Exotica Physics Group Summary — March, 2014

Needles we are looking for. No sign of any new type YET!
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New Physics? Jet Extinction

or a deficit!

B sv
B ExT

M : equivalent to the modified Planck scale

arXiv:1405.7653v|

Quantum gravity suggests that hard short distance scattering
processes are highly suppressed for center of mass scattering
energies beyond the fundamental Planck scale.

If this scale is close to the electroweak scale non-perturbative
quantum gravity effects could be manifest as an extinction of
high transverse momentum jets at the LHC.

If M— e, B0 where the SM assumption that Planck

scale is at too high
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New Physics? Three Jet Resonances Physics Letters B 730 (2014) 193-214
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New Physics? Excited Quarks (g*) CMS-PAS-EXO-13-003
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New Physics? Excited Quarks (g*) CMS-PAS-EXO-13-003
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Conclusions

e CMS has completed a very large number of analyses with pp
collisions at 7 & 8 TeV

* Excellent understanding of the detector has been achieved, even
at high pile-up conditions!

* The level of the precision of Standard Model measurements are
quite high

* important constraints on theory ingredients (e.g. PDFs) and
backgrounds to Higgs studies and new physics searches

* no signs of new physics (non-SM physics) (YET/STILL)

e Many results have been published and lots of is going to be
published soon.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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