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LHC, Large Hadron Collidér
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LHC Running
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Triggers! Pile-up !

. . , talk by Andrea Bocci
First and most important steps of the physics at the LHC

One bunch crossing every 50 ns

trigger paths
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Physics at the LHC - Highlights

Standard Model Physics see talks by
« QCD, hadron physics and parton densities Maxime Gouzevitch
 tests of the electroweak gauge structure Michael Schmitt
» precision studies of the top quark and W boson Alessandro Vicini
Electroweak symmetry breaking and the origin of mass

- discovery and characterization of the Higgs boson Jim Olsen
« search for additional Higgs bosons Daniel Froidevaux
New phenomena at the high-energy frontier (ATLAS)
» search for supersymmetric partners Sunil Somalwar

» search for Dark Matter candidates

« search for new gauge interactions at high energy
» search for extra dimensions of space, micro black holes, etc.
Flavor physics

« CP violation in the B and charm sectors; tests of CKM

» search for New Physics in b to s transitions

* measurements of GIM-suppressed B decays into lepton pairs

Quark-gluon plasma Bedangdas Mahanty
» study deconfined nuclear matter using various probes

» suppression and regeneration of quarkonia in QGP evolution

N. Nayeemuddin



Outline

Standard Model Physics
Higgs Boson Physics

B Physics and CP Violation
Supersymmetry and Exotica

What Next?
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Parton Kinematics

7 TeV LHC parton kinemati i
. PSS the parton structure of the proton is encoded
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Cross Sections at Colliders

proton - (anti)proton cross sections Cross sections in pp collisions at 7 TeV
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Jet Physics: Cross Sections
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Jet Physics:

Inclusive jet cross sections
are compared to predictions
of perturbative QCD at NLO

using various sets of PDFs

Constraints on PDFs

Strong coupling at high
momentum scales

Constraints on PDFs and ag
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W and Z Signals
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W & Z Inclusive Cross Sections
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proton - (anti)proton cross sections
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Flavor in W and Z Production
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Lepton Charge Asymmetry
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Drell Yan Mass Spectrum
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W & Z Bosons + Jets

W+jets: p; 15t jet

10° 02051 7 55 00500 PR D O

[ A A Wb + jats
(0 10°F |Ldt=36 pb £ Data 2010y s=7 TaV
e W ¥ ALPGEN
L 10rSgl«s ot £\ SHERPA
a . o) BLACKHAT-SHERFPA
S ? 1*}9! 1
-8 10‘ * qul—glj- A‘;I'a” E ._b
10°* Wi S —
= m s X1 ! ¥
- Wony . = + M iy
10 =4 jeots 107 ; o
Tn—ﬁ. I_. oL u—!—- : . 2 1_
108 anti-k; jets, R=0.4 ' § '—T—' =
p'>30 GeV, |y™|<4.4 3
m’o-?_x_éllkl!lllllllIlllllll!llll!l_%
© 1-50W+1jet =
I - .
e
2 g Y . /L ]
P 05 -
- S ' ' '
5 1_5:~W+22jet5 ¢ B
s | o s i TR W =3
o] A STl ! i 1
& FAAR A A 4 .
0'5T | Il | | 1 L P
50 100 150 200 250 300

First Jet P, [GeV]
PRD 85 (2012) 092002

(10, 1) doldp? [1/GeV]

MC /Dala MNLO/Data

MC / Data

104

108

1.5
1
0.5

1.5
1
0.5

Z+3-jets: prjet 3

ATLAS
Ldtmd g’
anti-k, jets, R = 0.4

T T T T T T T

B R
Zi =+ T+ 2 3 jots (l=ep)

—a— Data 2011 (15 =7 TeV) ]
—m— ALPGEN y

- p'>30Gev, W <44 &~ SHERPA —
F m>350GeV.Wy>30 Ly packHa + SHERPA 3
;I-—v— ]
L= o
= I_ -
- PR JI PR I PR | i I PR ]I PR II P
| ¥ BuackHar + SHERPA -
=i — T‘_
P s e i
PR | PR T T [ S | PR TN T [ T | PR T S
LIS A LR L T L R G NE N L
| - ALPGEN i
svissmssssasssms s
P | PR P | M R | PRI B
L 1 LA ST ™ LB LB | LIS B
| Sk SHERPA N
T e ey e * *
i il T | PR | M | i il M | i
ag 40 50 60 70 80 a0 100

p" (3rd leading jet) [GeV]
JHEP 07 (2013) 032

graph 10 4

Good agreement

with calculations

MC event generators

& NLO + parton shower
(MC@NLO, POWHEG.)

& LO (many legs) + parton
shower (ALPGEN,
MadGraph, SHERPA)

Parton level codes at NLO
& BlackHat, Rocket...

See talk by Deepak Kar



W+charm

W-+c directly probes strange quark PDF

leading order

(semi-)exclusive charm hadron reconstruction

600 CMS L 5']“} atlls. ?TE"-"
:} LI T T
_ fih) | . % s -.—Dal'.u
d W+ O v oK -W+cmmnt
< E F'L: > 25 GeV [ ] w+e non-resonamt
S a0ol Bl Soctground
—— p—fit
AC @
% M [Ee] 1 BER & DD
<k % o [MaV] 1585 +0.00
— UHJ 200
C 2
W and c are opposite sign &
0 =y :
1 E '1 E- 2 22

Strange and anti-strange probed

independently by W+, W-

Secondary vertex mass [GeV]

CMS L=SO0f o vEs T v cMS _L=50mal i = 7T
¥ T J T L T
Ttal e matainy p"' 2;5«\ <25 Total umcartainty p"' 25 Gev, P < 28
“halintaal wrw prLamty o, > 35 GeV. ] < 21 Slatisical ooty L= 25 GeV ] <21
CMS 2014
Predictions: 107.7533 (stat) = 6.9 (syst] pb Fradiclions s o
HNLO MCFM + NHNLO POF = - ¥ NLO MCEM + NNLO POF (L8954 4 0L0GES (S1an) © 0,004 [SysL)
BMSTWOE - -MSTW'GB L 9
10T 55 e PE 0.90675 lwlm E
s CTIO e e CTI0 - B
1w et 540 b 0004 I
v NMPDF23 I ¥ NNPDF23 i E
#4242 ., ph (50 = 0014 oy
& NNPOF23,, —— & MNFDFZ3_, i
1288z 1£1.vpb D93F & 001D
i ] L i 1 n " 1 i | i
0 = 150 04 0.6 0.8 1
oW +c) [pb] Gl W+T) /o Wee)
arXiv:1310.1138 (sub. to JHEP)

CMS L=50fb"at{s= ?TE‘IJ"
T Tt —
> @ Dats
2800~ -
(U] 3 [ vv+c signal
o Bl Vet (nen-c)
—_
- 2000 || orell-van
L]
-E:-J- |_| Other 1
z 1500 Semileptonic sample
P p' = 25 GeV
% 1000 '
i
3
~ 500
0k Pl PR

15 20 25
p; in jet [GeV]
o(x.00, HERA-1 LIS + CMS 7 TeV Ay + (W + 0}
| CMS Preliminary 0= 10 Gev?
— CTI0NLO
| 0I5+ Ay + (W)
per s mmr it S
g
Strange PDF
+ CT10 framework
::-‘In" ]-“_1 u.:;| u.En 005 ui: :;: 0.5

DIS, charge asymmetry, W+charm



V+b-jets Cross-Sections
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Probing the Triple Gauge Couplings

PRD 87 (2013) 112001
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Limits on Anomalous TGC
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Electroweak Z Boson Production

| CMS Experiment at LHC, CERN

| Data recorded: Tue May 22 14:53:14 2012 CEST
Run/Event: 194702 / 156701816

| Lumi section: 151

Measurement agrees wfth SM prediction (240 fb)
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Top Inclusive Cross Sections
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Events

Top Polarization and Spin Correlations

Production of the top quark pairs via strong interactions
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~ 85% atf LHC
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Top quark spins are correlated

Tevatron: near threshold in a 3S, state
parallel spins, 100% correlation

LHC: in a 'S, state, not close from threshold

~ 85% at Tevatron

~ 7 pb @ Tevatron, ~ 170 pb @ LHC 7TeV

Spin correlation

: ATLAS Preliminary — fit result
. i (A=5M)
_[Lﬁt=4.ﬁfb 15=7TeV if (A=0)
~+ data
[l background

0.5 1 1.5 2 2.5 3
Ad [rad]

observation of spin correlations

from angular correlation
of the decay products

= [ I —'—:Diu-hlhg.hmh:ld-d_
0-55:_ Syal, uncertainty
:_ —— MCHNLO parian lovel |
0.6 =
0.55-
0.5 et

Top Polarization

CMS, 5.0m" ot v =TTV
b LB LKA

0.45!

0.4, CMS-TOP-13-003
- (sub.to PRL)

0.355 1.
- -0.5 0 0.5 1
cos(f)

top quark polarization
consistent with zero

Events

600

500

400

300

200f

100

same helicities, not 100% correlated

W Polarization

ATLAS dilepion channels

® Dais
— Besi
SM exp.

ILdtn 1.04 10"

Bkg best it -
Unc. best fit

-1 -0.5 0 B.5 1

V-A nature of the
top coupling to the W



Charge Asymmetry
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Single Top Production

Production of the top quark via electroweak interactions
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Top Quark Mass
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Top Quark Pole Mass, PDFs and a,
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Summary of Inclusive Cross Sections
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Outline

« Higgs Boson Physics




How to Produce the Higgs Boson ?

Gluon fusion: g+g — H

Among millions of billions of
proton-proton collisions,
only few hundreds of thousands
of Higgs bosons are produced

125-GeV SM Higgs boson production

at the LHC
« gluon fusion:
e vector boson fusion VBF:

« associated production VH:
« associated production ttH: 1/

¢ (nb)

in proton-proton collisions

Production rate
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10 orders of
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How to Detect the Higgs Boson ?
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Decay Probabilities
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Decay probabilities of the Higgs boson
as a fonction of mass
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Decay Probabilities as predicted
for a 125 GeV Higgs boson mass
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One can expect:
- few hundreds decays
into two photons
« about 30 decays into ZZ*
in the four lepton final state
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Two-Gamma Final State

CMS
A Two-Photon Candidate




Two-Gamma Final State

Events / 2 GeV

Events - Fitted bkg

Updates with full data sets: 5 fb' at 7 TeV and 20 fb' at 8 TeV
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ZZ* Final State
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WW Final State

CMS-HIG-13-023 (acc. by JHEP)

PLB 726 (2013) 88-119 cMs 4.9 b (7 TeV) + 19.4 b (8 TeV)

S ol ATLAS "+ Duaz0iiez0iz =z ]
ps (= 7TeV |Ldteds s # Toulsigsbig. 3 __Q ) - == Observed > WW (all channels) 1
~ 700 | 4 SM Higgs boson  — e - all channels |
P \s=8TeV |Ldt=2071b - o O © 107 E- Median expected SM H (125.6 GeV/) as background
§ 600 H—WW*—hviv + 0/1 jets o ww. “3 g E Expected + 15 E
“ s00F [ ~ = Expected + 26 i
. Bl other vy j E | ]
400 B single Top _'E' - 10 E E
300 [ W+jers —';: - B .
Fi - I N
200 . = = ('g I 1

3 == \

3 o

100 -] o 1E

: : : : ot

%ﬁ 133 - _+_ * Bkg subtracted data _i :

r;:; BOE | DSMnggsbmoﬂm-IESG ‘u!;
S 40 r'l' * } E AL _
g 2 A 4 —'Z 10°E :
T ""'"—“'—_F.:-.-.-;-'—ﬁi - ]
'EU _-}- + _'-5 _I | | | | 1 | Ll | IIIIIIIII‘IIIIIIIII‘IIIIIIIII‘IIIIIIIII_
B0 80 100 120 140 160 180 200 220 240 260 110 200 300 400 500 600
m; [GeV]
Higgs boson mass [GeV]
Significance (my = 125.5 GeV) Significance (my = 125.7 GeV)
* observed: 3.8c * observed: 3.90

« expected: 3.80 * expected: 5.60



Evidence for Decay in Two t Leptons
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Evidence for Decay in Two t Leptons
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Evidence for Decay in Two t Leptons

Run: 214021
Event: 269834309

2012-11-05 09:48:46 UTC

Event in the electron-jet VBF category with BDT=0.99 (S/B=1.0)




Search for Decay in Two b Quarks

Events after subtraction

ATLAS-CONF-2013-079
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Higgs Boson Mass
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Higgs Boson Couplings
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Study angular distributions in diphoton and ZZ* modes
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« B Physics and CP Violation




The B to K*ll Decay to Probe New Physics

Traditional observables: excellent agreement with SM predictions
measurement of the AFB zero-crossing point
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Observation of B, to mumu

PRL 111 (2013) 101805
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CP Violation in the B, to J/y¢ Decay
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The Unitarity Triangle in the Bs system provides test of BSM
physics owing to precise prediction of (tiny) CP phase

Most precise measurement from LHCb

The non-zero decay width difference between Bs mass
eigenstates is established at around 9%

The indication of large CP violation from the Tevatron is
not confirmed
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Why Look for New Physics ?
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The Standard Model cannot be the final theory

Hierarchy and Naturalness

Relative strength of the gravitation and EM?

Some symmetry must “protect” the mass of the Higgs
boson against growth due to quantum corrections

Metastability of the EW vacuum
Unification of fundamental forces (GUT)
Dark Matter!

Neutrino masses?

Gravitation, dark energy
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Super-Symmetry

Supersymmetry (SUSY) is a family of weakly-coupled theories that give solutions to the Naturalness
problem, realize unification at the GUT scale and, in certain cases, provide candidates of Dark Matter
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» Charged: H+ and H- gluinos




Squarks, Gluinos,

.
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Search for strong production of SUSY
in multi-jet events with large MET
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Search for direct electroweak
production of SUSY particles
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Search for the Lightest Top Squark

A Natural Spectrunv
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/

Natural SUSY:
the top squark (or stop) superpartner of the top quark is
expected to be not too much heavier than the top quark
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Summary of SUSY Analyses in CMS

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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Search for Dark Matter

Exploit initial state radiation (ISR)
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Search for Heavy Resonances

Explore the TeV scale

Signatures

+ jet-jet, jet-y, jet-MET
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LR ]
Evomi Sambar: S688 | 1R
Mhwiaz SHLZ-48. 77, DR ] CET

Ui = 08 Gy
ol Gy

Mumn: b
Callas P, TR

Interpretation:
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Kaluza-Klein excitations
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Summary of BSM Analyses in ATLAS

LAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)
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M Graviton mass (kiM., = 0.1)
Gev_ Graviton mass (k/Mp, = 1.0)
ZoTTeV. g, mass

My (5=6}

eV M, (5=6)

Compact. scale

Im: =(1-20)fb"
fs=7, 8TeV

My, (D=

G qqii Cl: ee &J-H-L-”"" 0 A (constructive int.)
uutt Cl : S5 dilepton +jets + E, .. : il A(C=1)
..................................................................................... Z(SSM}mm# T At Atias Tas e L R
Z' (SSM) im.. [L=a7 7 18V (12106504 147ev Z' mass
5 Z' (leptophobic topcolor) : tT— Ii-]e‘-.'ts,r.\r:1l Lﬂu@*.amuruscwm 1BTeV 7' 'mass
W' (SSM) TMygy | L7077 TeV (1200 4445) 285TeV W' mass
W' (19,9 =1) :m,, |[Lea7 " 77V 1209 650] 430 GeV. W' mass
_______________________________________________________________________ Wy (= tb, LREM) i, [T53 mo o riascourursose TRV, W mass
Scalar LQ pair (8=1) : kin. vars. in eejj, evj] |L=10m" 7 Tev [1112.4528] ss0Gav T gen. LQ mass
__UJ Scalar LQ pair (5=1) : kin. vars. in ppLj, uvjj |c=t.om™ 7 1ev [1203.3172) s8sGev 2" gen. LQ mass
........................ Scalar LQ pair (B=1) : kin. vars. in tzjj, tv]j |L=47M"7TeV [1302.052¢] s:Gav 3" gen. LQ mass
o , ., 4" generation : ft'— WhWh LSk #5%5 vev {izi0 S48 B56Gev| ' mass

%-;a:“_J 4th generation : b’'b’ — S5 dilepton + jets + E“Twas L=14.3 17 6 Te JATLAS CONF-2013.051] 720 GaV | b’ mass

Z3 Wector-like quark : TT— Ht+X wu T mass (isospin doublet)
........................................................... Vector-like quark : CC,m, . |L=46 5" 7 TeV [ATLAS-CON-2012-457] 14278V VLQ mass (charge -1/3, coupling x,q = v/m,)

Excited quarks : y-jet resonance, m
SE Excited quarks : dijet resonance, ;'-ﬁ;
m B Excited b quark : W-t resonance, m,,,
Excited leptons | -y resonance, m
R Techni-hadrons (LSTC) : dilepton, m,_,,,
Techni-hadrons (LSTC) : WZ resonance {h.rl[],mWZ
e Majnrl_qgeutr_ (LRSM, no mixing) : 2-lep + jets
L Heavy lepton type lll seesaw) : Z- resonance, m
% ' r%‘ (DY p(rgdp., BR{H*L*—)II§=1) S5 ee (), mz“.
Color octet scalar : dijet resonance, my
Multi-charged particles (DY prod.) : highly ionizing tracks

N mass ([V_| = 0.065, |V, | = 0.063, |V.| = 0)

q* mass
j " mass
eft-handed coupling)
¥ 1" mass (A =m{*)
p o, mass (mip Ja) - ming) = M)
p, mass (m(p.) =mix,) + m,, mia ) = 1.1m(p.))
M mass (m(W ) = 2 TeV)

H.* mass (limit at 398 GeV for )
Scalar resonance mass
mass {|g| = de)

TESS
I I I | | |
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“Only a selection of the available mass limits on new states or phenomena shown

1 10 10°
Mass scale [TeV]
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« Hot QCD Matter




The Quark Gluon Plasma

Quark-Gluon Plasma (QGP) :
New state of nuclear matter - deconfined -

]
=
™
e
]
=3

L

Baryon density

Heating / Compression

T>T.~ 170 MeV
€>¢g.~0.7-1 GeV/fm3

QGP produced in Pb-Pb collisions
at the LHC \




Probing the QGP

r:—aﬁm;n-nn S L B [ R S Sy =1
S | e daa | CMSPHPD |5, =276TeV 1
& T00C __ popbiit || Cent 0-100%, Jy] <2.4
5 ool poshape f| L, 150" :
= [ p.>4GeVic i
o
1Y(15,25,35) -
w £ ]
400| iy
300
200F

Mass(u*u’) [GeVic’]

The sequential suppression of
quarkonia by color screening
depends on the QGP temperature

T 1/(r)
450 MeV Y(15 RAA : :
& (18] production
Xb ratio Pb-Pb
240 MeV Jiy, Y(28) VErsus p-p
200 MeV Xer Xy W, Y(38)

14 [ B ALKCE (Po-Ph {Ep= 276 TaV) 2 Syed  giobal myn.= = 12%
12r [] Transport Mosted |
1 [ o, [ Transpon kacdei I
06 + ; §
0.4 : e
0.2 :_ do . idy=0.18 mb
Ry e T g
(N,
centrality

CMS (* preliminary) PbPb\/s,, = 2.76 TeV

= 7 D T ] e .

; 4 Bl 2 (p100%) > 20 Gavie
1.3. J-Ldln?-‘lﬂlyh B W (B-100%) 57> 25 Gavic
1.6 —@— Isclated photon (0-18%) —

4' EEE b-quarks (0-100%)
b L {wia pecondary Jiy) 7
1.2f | 2y o
ol S
o L [ ¥ ﬁ _
e
0.8- + | ]
0.6 % ——
048 Wol™ ;
0.2 Twﬂ B Charged particles [0-3%)
0 ] i i l i | i | |
0 20 40 60 80

p,(m,) (GeV)

~ 0.3
> E Centrality 20%-60%
> 0.25F B ALICEPb-Pb {5, =276 TeV, 25 <y <4.0
S Y —— P.Zhuang et al, B thermalized & with shad EKS98 d o /dy| . =0.38 mb
L ALICE ..... P Zhuang etal, B not thermaized & with shad EKS98.d o Jdy| =038 mb
0.2 PRELIMINARY " . ot ’
E parton transport model prediction: private communications
0.15F
0.1F
0.05F
OF
-0.05F
-0.1F
E ~ 2% relative syst. error from o, correction
-0.15C ol b b b b b b e L a e
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anisotropy w.r.t. reaction plane

Raa smaller for strongly
interacting probes

Electroweak probes

* do not seem to see
the dense medium

* independently of
centrality

* can be used to
determined initial jet
energy
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« What Next?




The LHC in the Next Ten Years

® Peak luminosity  =—Integrated luminosity

~300 fb

2.50E+34

~100 fb!

— —

2.00E+34 30 b / ° -+ ® 100.0

% )

5_ 1.50E+34 1 F

E / E g g 10.0 %

5 1.00E+34 .ﬁ_

? 1.0 E

5.00E+33 -

0.00E+00 o - i m o A = P o8 o o - N ™ 01
Year ending

LS1 (2013-2014) LS2 (2018) LS3 (2022-2023)
_ Shutdown to repear Shutdown to prepare the with LS3 improvement and
interconnections and prepare luminosity improvement consolidations, the goal is to
the 13 TeV energy run to 2 x 1034 cm-2s-" reach 3000 fb-! in ten years

Problem : around 2022, some magnets of the machine, most exposed to
radiation (triplets), will have to be replaced



High luminosity LHC (phase-ll)

® Peak luminosity  =—Integrated luminosity

~ 1
6.00€+34 3000 fb
~ —1 —— "
300fb1 ) |~ .
5 X% 1034 Cm-23-1 5.00E434 E * & " s o »
.r’fﬁ-d—_
—  4.00E+34 -1 ,fff 1000 -
- 30 bt ) .
§ =
S 2l = e =~ (ng) <t LN G
& 3.00E+34 /W L (Vs L (¥g] 8
E / = | —1 — — = 10.0 'E
E | -
see talks by . ST L 44 : .
/ g4 b High H
E. Todesco ) Wl Luminosity |10 &
1.00E+34 | LHC
L
D.Contardo /
| »
0.00£+00 9 ~ 01
S 8888888 g228geg¢sge8ezegsgs8¢s8¢8¢8s
Year ending

« Levelling » : 140 inelastic collisions in average
per bunch crossing (= 1 vertex per mm)

3 to 4 fb-! per experiment and per day
250 to 300 fb-' per experiment and per year




EW Symmetry Breaking at HL-LHC

Evenls [ GeV

see talks by

S. Dasu

P. Giacomelli

S. Pahdi

Probing the anomalous quartic gauge couplings
____CMS Projection:

Direct coupling to the top quark

ATLAS Preliminary (Simulation) S tH
5 = 14 TeY =
| Lett = doao "

—

130 140

diphoton mass [GaV]

Detailed kinematics in the four lepton channel

CMS Simulation 2013

=
B diphoton
3 tthar

Events/1.0 GeV

Vs =14 TeV L = 3000 i’
s I leY L= gUlUTe

Fhase || Detector - PLU140

[ ] Conf-3:H = ZZ* = dp .
[ ConfdiH = 22" = dp ]

B Conf-3: 222 = dp
B Conf-d: 222 = dp ]

200 250 300
M, [GeV]

Observation of the py+u- decay

rfrrrr[rrrrrrrer -

numbar of evants

s s PR
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WZ Transverse Mass, Govic®

Vs = 14 TeV
| h
|

— ATL-PHYS-PUB-2012-014 — B-only model

ATLAS Simulation Preliminary 3

| Lat = 3000 1"

= S+B toy Monle Carlo
— 5+B model

v oo lssasliig sl isiy
110 120 130 140 150 160

m,,, [GeV]



Higgs Boson Signature

Relation Couplage-Masse
IIII 1 1 IIIIIII I I IIIIIII

O
o
-

Couplage au boson de Higgs
o

ATLAS+CMS (autour de 2021)
source: arXiv:1207.2516

IIII 1 1 L1 IIIII 1 1 L1 IIIII
1 10 100
Masse [GeV]




Higgs Boson Signature

Relation Couplage-Masse
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The LHC

« 1232 superconducting dipoles of 15 m (8 T)
« 10000 superconducting magnets
« 150 tons of superfluid liquid at 1.9 K
to cool down 37000 tons of material
« Cryogenic ultra-vacuum (1013 atm)

LHC dipole

Accelergting Cavity SCRF
400 MHZz (2x15-m).»

* Magnetic energy stored
in the magnets : 4 GJ
» Cryogenic cooling power : 240 MW




Beams and Collisions

Stephen Hawking in front of relative beam size
focalization quadrupole magnets at IP1(ATLAS) around the IP1 interaction point (ATLAS)

In 2012 : protons at 4 TeV

* 11100 revolutions per second at 99,999997% of the speed of light

« 2x1900 bunches of 10" protons (0,5 ng of H*) every 50 ns (=14 m)
energy stored in beams : 180 MJ

« interaction region : 16 um (transverse), few cm (longitudinal)

« around twenty inelastic proton-proton collisions per bunch crossing

* beam lifetime : around 10 hours



Parton Luminosity

Tevatron - LHC@7TeV

WJS 2010

1000 g T

100 |

luminosity ratio

10

ratios of parton luminosities
at 7 TeV LHC and Tevatron

The gluon-gluon luminosity increases
much more that the quark luminosity

@ top quark pair production and Higgs production
by gluon fusion are dominant at the LHC

MSTW2008NLO
M i P i 5l i g
10° 10’
M, (GeV)

LHC@7TeV - LHC@8TeV

luminosity ratio

U —
ratios of LHC parton luminosities: 8 Tel / T TeV

16 F

100 200 300 400 500 E00 700 BOD
M, (GeV)

LHC@7TeV —» LHC@14TeV

luminosity ratio

e - o e e

ratios of LHC parton luminosities: ]
BTeV ! 7 TeVand 14 TeV / T Tav !
— 99 /4
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e ] . I.rl_
1o L Jfa .
g /
/e
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- .,- #
T v __:-'-"-';;b‘
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Flavor in W Production

d -
T W
- . : : du -
S : W-
HE .
cs U
10 | : A R
& : 4 g : At the LHC
; /g/ ; W production is charge asymmetric
= —t = expect
6 /Al - s M SRR o o(W*)/o(W-) ~ 2
g - f,f P = i L if only valence quark + sea antiquark
s L // A b 0 | but
o ¢ G S o 5 involved parton fractions are low
[ S ; (103 < x < 107"
/ / ]
f ' annihilation of a sea quark
/ : oD - 1 and a sea anti-quark is significant:
" . | ' o(W*)/o(W-) ~ 1.4

1 10 charge asymmetry
MRST 99 Vs (TeV) depends on rapidity



Flavor in Z Production

100 ———rmy LI TN AR B Ar NLTLE ZR SR, T I 5 u
T N 0
. 3 dd Z
) _ 55 IE:
10 | P -
:r:? " - 1., g ] . .
] /,f;/ 3 i the strange density as an impact
© - ] on both W and Z production rates (10-20%)
2 £ A § _ but proton strangeness is poorly known
- / ¢ i ;
S S 1 - LHC W and Z data can improve PDFs
& ; @ constraints on u, d sea (anti)quarks
@ constraints on strangeness
@ constraints on heavy quark content
: : _ @ crucial for reducing PDF uncertainties
. pp pp in searches
“_I L1 1 -'f ral : il :

l 10
MRST 99 Vs {TeV]



Theory Predictions

d®c/dM/dY [pb/GeV]

400 —
300 —
200 —

100 —

vs = 14 TeV
M= M'
M/2 = Slﬁll

L L L i L i L L
-4 -2 0 2

d®c/dM/dY [pb/GeV]

80

60

40

20

LO

Vs = 14 TeV
M = M,
M/2=2puszs2M

2

@ Accurate theoretical NLO+ tools

QCD MC generators (LO: PYTHIA, HERWIG,... NLO: POWHEG, MC@NLO,...)
(N)LO-matched multi-jet generators (ALPGEN, MADGRAPH, SHERPA,...)
(N)NLO QCD cross-section calculations (MCFM, RESBOS, FEWZ, DYNNLO,...)

QED & electroweak corrections (HORACE,...)

@ Parton density functions (PDF) (MSTW, CTEQ, HERAPDF, NNPDF,...)




W Production: Constraints on PDFs

Valence PDF

CMS Preliminary NLO 13 parameter fit

=
v L Q'=mg
» | W HERAIDIS + CMS A,, Prel.

HERA | DIS

0.1

'g 15 £

5"
1
0.5 - — (HERAIDIS +CMSA,)/(HERADIS)
10" 0 107 10"

HERA fitter framework

Using DIS, CMS lepton-charge asymmetry

ratio 1o CT10 NLO

Strange PDF

5(x.Q), HERA-1 DIS + CMS 7 TeV Ay + (W +¢)

| CMS Preliminary Q7= 10 GeV”
s CT10 NLO

[ B DIS + Ay + (W)

2107 113 001 002 005 0.1 02

CT10 framework

... and W+charm



Effective Theory of Anomalous Couplings

Effective L ian WWV (V=y, Z '
ective Lagrangian (V=y WWV: 10 anomalous couplings

assume QED, C and P invariance,

Clowwy = m}--n-fﬁ-pw - H'TI},H"”’] N :'f."'ﬂjli',,t'f”’ and additional (LEP) relations
W _ — 3 anomalous couplings
.ff r .
”ﬁ 4! ;ﬂn HVPA — gy WIW, (0MVY 4+ 07V AKY, A%, A=A, =M,
tge sPT (WO, W, — (8, W)V, — anomalous SM: all zero
W, VR N wi W, v
Ttk [T LB 1_{[.!1 Apt 1 _
ZVy: 12 anomalous couplings
Effective Lagrangian ZVy (V=y,2) assume CP invariance apd dim<8
”_ — 4 anomalous couplings
Lyyn = —[f10.F") + fE(0,7")) Za(0° Z5) hy', hy?, £37, 15

HUZ(O7 Fop) + f2(07 Z0)| 21 Z5

—[h](O7 Fyp) + hi (07 Zy,)| 25 FM7
'f . . +dim8

—[h3 (0 FoPY 4 h% (0, 2°7)] Z"Fpq

- anomalous

@ anomalous couplings result in violation
of partial wave unitarity at large energy



Parton Kinematics

1 E 4 p kinematic variable such that
Rapidity of 4-vector P(E, py, Py, P2) ¢y = = 1In (E D ) ayp, = 1/E
2 -

z (differences in rapidity are invariant
under longitudinal Lorentz boosts)
falwa, iz = Q°)

Hard scattering seen as interaction between two partons

. a(X1) + b (X2) 3 X Vs = center of mass energy

0 = M2 Parton system (at leading order) E = (z1 + x2)V/5/2
oA in lab frame

p. = (z1 — x2)V/s/2
o

0] ] ]
one gets Q° = E° —pI =z 1228

X Bjorken:
fraction of the
| 71 longitudinal momentum
] 3 ol i
folar, e = Q%) and Y= = In — carried out by
) To the parton

Simple case of a boson of mass M
produced in the s channel

M
212 = —p= X e

/5

for a given mass M,
the rapidity y relates M
Ty to the Bjorken x values of
the quark (x,) and the anti-quark (x,)




Drell-Yan, Angular Analysis

lo, Inal., . _ .
el (s) = & Qy (1+ cos” 6) v exchange
dcos 2s _) , ZIy* interference
3 4 "G...'nl.l'.r:- -_il-‘lulrr_ ‘ A af
- Ctn;;ﬁ; 2 = BW(s) Qq9vqgve [(1 + cos®0) + gAgist CDHH]
z g Gvqlvi
3G2 M2 ) ; , , ; , 8 .
i 16+TF3/F BW(s) (gvq” + 9aqg ) (gve” + gae®) [ (1+ cos®8) + 5.4[?}3 (1059]
S
with ~ BW(s) k¥ nd Al = SA A £ exchange
T Vig) = - : = = a A = — v
(s — MZ)? + °T3 /M3 B = g
The forward-backward asymmetry A.g results N Y nse
from an average over all flavor of quarks F e
0afF A T
do (Z°/v* = (Y¢~) 3 St ) S
e = (14 cos®0*) + Agp cosf 0.2f

At the LHC: the initial state is symmetric

0.2 S dd— e*e’

- at large rapidity, the longitudinal boost R — pp— e'e’
of the Z boson indicates more likely the direction 04t h (Tevatron)
of the parent (valence) quark P

10? M., (GeV)




Drell-Yan, Forward-Backward Asymmetry

& F = i ATLAS-CONF-2013-043
The forward-backward ~°¢f Ps == FE arias Preliminary
- L 1
asymmetry Agg results  %4f 7 g - IL a7
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Higgs Boson Properties

PLB 726 (2013) 88 119 CMS Prakminary VE= T TaV, L 601" /5 = 8 Tow, L 19.6 1"
] & SMHiggs @ Fermiophobic @O Bkg. only
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Search for Decay in Two b Quarks

ATLAS-CONF-2013-079
ATLAS Prelim. |=o(st3)  Tota| uncertainty
m=125GeV | oihes tloonp
VH(bB), 7Tev I e
pe2lialoz | | B W '

VH, 0 lepton H-"z?:': +1.8 %j i .
gt 1 e
VH, 1leplon ¢ g (518 | i
i
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95% limit (my = 125 GeV)
« observed : 1.4xSM
» expected: 1.3xSM
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g
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SR
CMS & Data
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Significance (my = 125 GeV)
* observed: 2.10
* expected: 2.10



Bottomium Physics

PRD 87 (2013) 052004

Observation of a new state
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Top Candidate in the Dilepton Channel

A EXPERIMENT

Pun Mumber; 158582, Event Mumber: 27400066




Summary of SUSY Analyses in ATLAS

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013 J:E dt = {46 _ 22‘9] fb—l V_= 7, 8 TeV
Model e Ty Jets ET™ [ratn) Mass limit Reference
MSUGRA/CMSSM 0 2:6jets  Yes 20.3 (N8 1.7 TeV migi=mig) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1en 36jets  Yes 20.3 g 1.2 TeV any mig) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 710 jets  Yes 203 & 1.1 TeV any mig) 1308.1841
&8, 34— qf? 0 26jets  Yes 203 |@& 740 GeV mi{Es =0 Gev ATLAS-CONF-2013-047
EE B an 1 0 2-jets Yes 203 |& 1.3 TeV miE})=0 GV ATLAS-CONF-2013.047
BB, B—qqt; —qgW* f’ lepn  36jets Yes 203 |& 118 TeV m{E}}<200 GeV, m{F* |=0.5(m{¥])em(2)) ATLAS-CONF-2013-062
EE, g_.g-q(n,r(‘.lrwm 2epu 0-3 jets ' 20.3 g 1'_12.1'3'\" miE:)=0GeV ATLAS-CONF-2013-089
GMSB ({ NLSP) 2epu 2-4jets  es 47 tangi<15 1208.4688
GMSB (f NLSP) 127 O-2jets Yes 207 |& 1.4 TeV tang =18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y - Yes 48 miF})>50 GeV 1208.0753
GGM (wino NLSP) Teupry : Yes 4.8 m{E;}>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSF) Y 1b Yes 48 mit})>220GaV 12111187
GGM (higgsino NLSP) 2epul(Z) O3jets  Yes 58 m{H)=200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes  10.5 mig)=10" eV ATLAS-CONF-2012-147
g—+bbi] 0 ib Yes 201 | @ 1.2 TeV mit} <600 GeV ATLAS-CONF-2013-061
gtit 0 7-10jets  Yes 203 |& 1.1 TeV miT}) <350 GeV 1308.1841
E—tih Clep 3b Yes 201 g 1.34 TeV miE} ) <400 GeV ATLAS-CONF-2013-061
F—bily O-1epn 3b Yes 201 g 1.3 TeV miE} <300 GeV ATLAS-CONF-2013-D61
Byby. b 0 2b Yes 201 by 100-620 GeV miE)<00 GeV 1308.2631
Y 2epn(SS) 03b Yes  20.7 by 275-430 GeV miE;)=2 m(t7} ATLAS-CONF-2013-007
: 1-2ep i-2b  Yes 47 |0 110D ae mii])=55 Gev 1206.4305, 1208.2102
f : e (22j jets  Yes 203 E: 130-220 GeV . m@z} =m{{, ]-m{W)-50 GeV, m{f,}<<m(i7) | ATLAS-CONF-2013-048
i fy(medium), # _..;\«, e els Yes 203 |4 1225-525 Ge miEy}=0 GeV ATLAS-CONF-2013.065
| B fy(medium), & -br. 0 2b Yes 201 i 150-580 GeV m|€E}<2ﬂoGev, mii})-miE])=5 GeV 13082631
- 1 = V "t ¥
{Hecit o' 2p v 25 |4 o e0.660 Gev B -0eV phpestorirstied
8§ T 0  mono-jetic-lag \bs 203 | 90-200 GeV miE,)-mi{i})<85 GeV ATLAS-GONF-2013-068
B 2e.ui(2) 16 207 | & 500 GeV mit})>150GeV ATLAS-CONF-2013-025
. B, 3eulZ) 1h \bs 207 |u 271-520 GeV miE;)=m(¥]}+180 GeV ATLAS-GONF-2013-025
Iy 2e.p 0 Yes 203 { 85-315 GeV miE} =0 GeV ATLAS-CONF-2013-049
¥ 2epn 0 Yes 203 |& 125-450 GeV miE})=0GeV, m(F, 7)=0.5(m(¥} jem(T})) ATLAS-CONF-2013-049
E g By 27 Yes 207 |& 180-330 GeV m(E7)=0 GeV, m(F, 7)=0.5(mi(F;)sm(Ty)) | ATLAS-CONF-2013-028
i) x‘xa—-var ((vv) (VL () e 0 Yes 207 ,f‘.,f:" 600 GeV miF; )=m(E2), m(¥])=0, m(f. 7)=0.5(m(¥; J+m(¥])) ATLAS-CONF-2013-035
W) bz" 3en 0 Yes 207 |Ehid 315 GeV m{¥ Jam(F2], m(F})u0, sleptons decoupled | ATLAS-CONF-2013-035
¥tz WiThiy ey 2b Yes 203 f}..ﬁ 285 GeV m(F} }=m(3). m{F{}=0, sleptons decoupled | ATLAS-CONF-2013-093
| Direct ¥, ¥; prod., long-lived 7  Disapp. ik 1 jet Yes 203 |& 270 GeV mu‘fg J-miET)=160 MeV, (¥} )=0.2 ns ATLAS-CONF-2013-069
| Stable, stopped H hadron 0 1-5jets  Yes 229 £ 832 GeV mt}}=100 GeV, 10 ps<r(g)<1000 s ATLAS-CONF-2013-057
. GMSB, stable 7, ¥i—7(2, fi)er(e,u) 124 - g 15.9 10<tanB<50 ATLAS-GONF-2013-058
GMSB, T} —y&, long-lived X} 2y Yes 47 0.4<r(F3)<2 ns 1304.6310
g4, )8“-—.qq,u (RPV) 1 p, displ. vix - o 203 ] 1.0 TeV 1.5 <cr<156 mm, BA{u)=1, m{i{)=108GeV | ATLAS-CONF-2013-092
LFV pp—i, + X, ¥ —e+pu 2ep 46 Ay =010, .dy33=0.05 12121272
LFV pp—¥, + X, F—e(u) +1  Teps+r . - 46 Ay =0.10, Ay3115=0.05 1212.1272
> B near. FlPV CMSSM 1ep 7 jets Yes 4.7 m{g)=mig), erege<l mm ATLAS-CONF-2012-140
& By WIS, ) veer, enve 4 e - Yes 207 miE})>300 GeV, dyay >0 ATLAS-CONF-2013-036
11, 01 =W B v, ety 3ep+T . Yes 207 m{T])>80 GeV, dy5>0 ATLAS-CONF-2013-036
E-qgq 0 B-7 jets = 203 BR(t)=BR{b)=BR(c}=0% ATLAS-CONF-2013-081
F—hit, fi—bs 2ep(SS) 03b Yes 207 ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—qg 0 4 jets - 46 incl. limit from 1110.2683 12104826
Scalar gluon pair, sgluon—tf 2e, p (S5) 16 Yes 143 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) mong-jel  Yes 10.5 miy)<80 GeV, imil of <687 GeV for D8 ATLAS-CONF-2012-147
Vs=8TeV -1
- - fulldata 10 ! Mass scale [TeV]

‘Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theorelical signal cross section uncertainty.



Summary of BSM Analyses in CMS
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Electroweak Fits and W Mass
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Current precision:

Goal at LHC?

5 MeV!

15 MeV

Experimental challenges

@ control lepton energy scale at <0.1%

@ energy resolution to ~1%

@ p; dependence of the efficiency to 1%



