


Lecture Plan

Introduction
- The LHC startup as seen from the experiments

The experimental challenges at the LHC

— The experimental solutions

The “general purpose” experiments

— The CMS experiment

— The ATLAS experiment

First performance results of ATLAS/CMS

A tour on the other experiments and their performance
First physics with the LHC experiments

— QCD, B-physics

— EWK/Searches and the outlook
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Physics Results obtained so far:

J

Studies of general characteristics of “minimum bias’
events (our future pile-up)

Study of the underlying event
with a hard scattering

Resonances/known particles gcing paron |
Jet physics & QCD Underlying event
B-physics/charm physics

W,Z boson production at 7 TeV

Top quarks at 7 TeV

Searches for new physics




First Data: Study of the Strong Force

I A —
Motivations for QCD

Satisfactory model for strong interactions: non-abelian gauge theory SU(3)

U'U=UU"=1 det(U) =1

Hadron spectrum fully classified with the following assumptions

- hadrons (barions,mesons): made of spin 1/2 quarks

- SU(3) is an exact symmetry

each quark of a given flavour comes in N.=3 colors Y,

- hadrons are colour neutral, i.e. colour singlet under SU(3)

observed hadrons are colour neutral = hadrons have integer charge



The QCD Lagrangian
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¢ only one QCD parameter gs regulating the strength of the interaction
(quark masses have EWV origin)

¢ setting gs = 0 one obtains the free Lagrangian (free propagation of
quarks and gluons without interaction)

€ terms proportional to gs in the field strength cause self-interaction
between gluons (makes the difference w.r.t. QED)

¥ color matrices t%; are the generators of SU(3)

¢ QCD flavour blind (differences only due to EW)



LHC early physics

LHC
Highest energy & luminosity: operating regime such that even early data

have a potential for many discoveries

One of today’s most addressed question:
What one can do with early LHC data?

The answer to this question very much depends on beam control,
detector understanding/performance and control over QCD



First Collisions at 7 TeV

Multi Jet Event at 7 TeV

What are the characteristics of events at 7 TeV
Number of particles? Correlations between particles? Jets? Heavy flavors?




Event Types
“Soft” QCD: MB and UE Elastic

-Single diffraction

ctot — GEL + GSD+GDD+GND/HC -Double diffraction

-Non-diffraction

\K {ﬁé / ‘ We have models

— — — = in terms of
= = J(; Monte Carlo
==

programs to

Hard compare to data

Scattering

: Component -PYTH IA
» -PHOJET
Underlying Event Proton - H E RWI G
( -MadGraph
-ALPGEN

...Not always easy to classify individual events
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Charged Particles
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pseudo-rapidity density of charged hadrons atvs =7 TeV

Minimum bias events
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Non-Single Diffractive event selection

Phys. Rev. Lett. : 105 (2010)
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stronger than currently used models



Multiplicity Distributions

Charged particle
multiplicity of the events

*Minimum Bias event
selection

*Unfolded charged
particle

multiplicity distributions
(down to pr = 0 GeV/c)
*<pT> versus multiplicity
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P 1
Comparison of the Experiments
B

* ATLAS selectes minimum bias events without separating
diffractive components

 Least Model dependend but hard to compare with
other data as the measurement depends on the
choosen phase space

* Favoured by MC builders

* ALICE & CMS exclude single diffraction, which has a
model dependence (in practice it is not large)

* Favoured by model phenomenologists

* Future: we will release the measurements with both
methods
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Charged Particles

P; spectra & comparison with models

Ratio
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Momentum spectra
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Tsallis fit gives good description Measured tracksTup to 140 GeV/e
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Expected power law scaling:
d’c n(xr's)

V. Khachatryan et al., JHEP 02 (2010) 041 E =F(x.)/ s -
V. Khachatryan et al., Phys. Rev. Lett. 105 (2010) 022002 3 ( T) \/_ n=5-6

CMS does not see a deviation from the power law scaling... (cfr CDF)
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Resonances

Candidates / 0.001 GeV/c?

Candidates / 0.0005 GeV/c?
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" Strangeness Production .
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Particle Production -

10. Identified Particle p; Kaon p; distributions
- - stable & decays
: ®Kp ] " .. y
i | -, ©
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Particle identification in ALICE
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Particle Production
Charged i, K and p at Vs = 900 GeV
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Particle Production
Neutral particles at Vs = 900 GeV
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(K+HK)/(m*+x)
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Particle Production —

Ratios vs p-
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but good agreement with other experiments ...
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Photon spectra

In principle, prompt photons are
an excellent probe of the gluon
density.

Entries/5 GeV
I I* |
¢

T IIIII

Today, the major global fits 10°
avoid them:

— Avery large (2-3 GeV) intrinsic £;is 102
needed to fit the data.

FTT 7T

This is less of an issue here: 10

10
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ATLAS Preliminary
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| |

— Atthe LHC, the same x;is probed 20
with py's 3.5 larger than the Tevatron

— We operate at a typical p,where a
few GeV of intrinsic 4y doesn’'t matter
as much.

The LHC kinematics helps here.

Photon purity measured almost entirely
from data (small MC) corrections.
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- Farticlelanti-particle ratios

‘ Baryon number transport with p/p

Baryon number conservation requires the destroyed beam particles in inelastic
non-diffractive collisions must be balanced by creation of baryons elsewhere

Probe this baryon-number transport by measurements of antiproton/proton ratio as
function of (pseudo)rapidity and p,. Isolate pure samples with RICH likelihood (‘DLL’)

Performance calibrated in data using kinematically isolated samples of =, K and p

100

— . . . L T ) ] . L.

Y G LHCh S B ¥ LHCb T - LHCH
cEy & Preliminary : =His & Praliminary & . Preliminary :
8 2 - i 3 40 L. I Wi » i
E & ) o A0 Q - - -

£ i 20 - -
D - ;- L -

o H :
o] Q. D_- v
S E\ . “au” .
-~ B } -‘U:‘ . .- e ..
= . pcs - ¢ % :selected
— U - s . - -
®c |. 40> tracks
o © 4 J T S S S S ST S S S S S S e
0N o D100 Aan = o ™ am

DLL(p - K)

Separation between p and K hypotheses

High purity (anti)proton samples of 90-95% obtained over full LHCb acceptance
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- Farticlelanti-particle ratios

l p/p ratio vs y and p,

Uncertainty dominated by finite statistics of calibration sample. Systematic effects
eg. from difference in p-, p-nuclear cross-sections , from ‘ghost’ tracks etc small

Example results for p. > 1.2 GeV/c (also measured at lower values):

&14F  LHCb ' —Hcomc 1 &14F  LHCb ) — LHCbMC -
Preliminary — Pengla0 | [ Prellminary — Perugia 0
128 s - 900 GeV Data —#- Data 1 120 327TevDats - Dala .
i . ]
1 . . 1 : )
08 E.Z \/S=900 GeV _: 0.8:— v_-—-\q—' +| "
05 T — 4 o8 - ‘
! i =7T
ik —— 1 e Vs eV
> - 1 : -
sl Py 12GeVic | - ozf Pr>120CeVic E
ol— ' - N
2 3 4 7 2 3 r 7

Big deviation in ratio from unity at low energy. Much less so at 7 TeV.
Reasonable agreement observed with Perugia 0 (some deviations at lower p;)




Particle/anti-particle ratios
‘f) / p ratio vs Ay (E Ybeam ~ yProton)

Can assemble results of previous measurements, and then compare with LHCb

° [ L l Ll L) L l T T T l v L) L) l l _
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m - e
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os | T st
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1

0.4 | - [ - BRAMMS, 05<p <1.5CeVic
- o .b] s PHOBOS, 0.3=p <1.0GeVic

- L STAR, p »0.2 GaVic 7

- . N ]
0.2 l ¥ . ISR, p =06 GeVie -
N - NAAS. p =0.9 CeVic ]

0 1 | M U S IS SRR
2 4 6 8 10
Ay

Reasonable consistency exists.
For final results extend calibration dataset to achieve higher precision.
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Particle/anti-particle ratios

Baryon number transport with A/ A
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Forward Energy Flow

MinBias event selection *Energy flow at different CM energies
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The Diffractive Component

Single-diffractive (SD):
P X P

LRG

Sketch of single-diffractive event:

LRG: Large Rapidity Gap

Double-diffractive (DD):

P :——: \g Y P

L I S

Central-diffractive (CD):

p ) P
X N~

>LRG

» Diffractive events correspond to large
fraction of the hadron-hadron cross
section;

» Modeling of soft diffraction generator
specific;

* Defining and constraining diffractive

component (and their evolution with \s)
important ingredient in the tuning of MC

generators at the LHC.
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E(n=3.0)> 2.0 GeV

n (jet1) =-2.8,

pr(jet1) =41.2 GeV, p+(jet2)

n (et2)

31.9 GeV
-3.3



dN/d(2E+pz) (GeV")

Diffraction in the data

Sketch of single-diffractive event:

LRG
p
- < . > “ o
> X

120f CMS Proliminary 2000 LeAus® ] 2 (E = p,) related to the momentum loss of
L + —e— 23TV BSCORmdVertex ] the scattered proton. One expects a

L [ Energy scale +10% N L . . .

- T PYTHIA DGT - (diffractive) peak at low values of this
80— e = PYTHIA Non- ve - H

. T PHOJET Nondifractive ] variable (o ~ 1/¢).

60— =

Main systematic effect due to £10%
energy scale variation.

N.B. All plots are uncorrected
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Bose Einstein Correlations

—

Correlations between two identical bosons (pions) Vs = 0.9 and 2.36 TeV

Q*=-(p1-p2)?

*MinBias events
Use 7 reference
samples
eCombination of
all ref. samples

N
T

1.8

Double ratio

1.6
147

1.2

R(Q) =C1+A0(Qr)]- (1+6Q)

L B LA B BLELELE BRI B T ]
CMS preliminary \s = 0.9 TeV

Ref.: Combined sample

r=(1.59 = 0.05) fm _]
A =0.62 = 0.02

Excluded from Fit
—

-

Lo b b b a1y
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PRRPIN AT SR NS ST BTSN B
1.2 14 1.6 1.8 2
Q (GeV)

Vs =0.9 TeV
Vs =2.36 TeV
Multiplicity dependence

' Results of fits to 0.9 TeV data
Multiplicity range P-value C A r (fm)
2-9 9.7 x 1071 0.90 £ 0.01 0.89+0.05 | 1.00 £ 0.07 (stat.)£0.05 (syst.)
10- 14 3.8 x 107! 0.97 £ 0.01 0.64+0.04 | 1.28 +0.08 (stat.)+0.09 (syst.)
15-19 27 %1071 | 0.96+0.01 | 0.60+0.04 | 1.40 = 0.10 (stat.)20.05 (syst.)
20-29 2.4 x 1071 0.99 4+ 0.01 0.59£0.05 | 1.98 £0.14 (stat.)+0.45 (syst.)
30-79 2.8 x 107! 1.00 £0.01 0.69 £0.09 | 2.76 £ 0.25 (stat.)+0.44 (syst.)

Phys. Rev. Lett. 105 (2010) 032001

Double ratio

—_
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~
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1.2 —
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—
1_
Y| I AR P BRI EPRP S SR PR R B
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1.8

0(Qr) =e ¥,

I L L
CMS preliminary \/s = 2.36 TeV |
Ref.: Combined sample p

r=(1.99+0.18) fm _]|
A =0.66 = 0.07

4p

3.5
3
25
2
1.5
1
0.5
0

Q (GeV)

r = 1.59 £ 0.05 (stat.) £0.19 (syst.) fm and A = 0.625 4= 0.021 (stat.) £0.046 (syst.)
r = 1.99 £ 0.18 (stat.) £0.24 (syst.) fm and A = 0.663 £ 0.073 (stat.) :=0.048 (syst.)

E CMS Preliminary Vs = 0.9 TeV E

| B S  BL B A S S S B S S LSS S BB S RN

Ref. Combined sample
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Correlations —

Bose-Einstein Correlations (HBT)

ALICE Work in Progress

R, (fm)

* Preparation for Hli

e Similar phenomena
in pp and HI?

M overlapp pp andfg E

HI.

* Scaling with M
similar to STAR but
different from HI

* pp sizes smaller
than Hl at same M

R, o (fm)

¥
| v
'
v

k7)=045GeV [c

[ &«

gt

] L

PHENIX Audu @ 200 AGaY

o STAR AuAu @ 200 AGeV

£
i
x

5.—

1k;)=02GeVc

+  STAR AuAu @ 200 AGeY
STAR CuCu @ 200 AGaV

STAR CuCu & 200 AGeV
-y Seanaces g“ oo L et STAR AuAu @ 52 AGeV
v STAR CuCu @ 62AGeV v STAR CuCu @ 52 AGeV
S % g
(dNJgny ™ (dNidn)"”
ALCE pp @ 7000 GeV E W ALICE pp @ T000 Ga¥
ALICE pp @ 900 GeV ALICE pp @ 500 GeV
STAR pp @ 200 GeV i 7 STAR pp @ 200 GV
* © r
| L
Q@ | - 0
- E r ot P
e ) . i -
ALICE preliminary L ALICE preliminary
L "
5 % g
(dNic)” (dNidn)"”
E ot
ptg
,*E €l
T r
" L e,
wet' w
"
5 % g '
(dwdll)w Idedu)”
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Nlrigg dA(D

Particle Correlations

10

pa— |

\s=7 TeV 8<p <10 ®1.5<p_< Py,

Assogiated

. hear’ side i

‘away’ side e NN A |

‘rigger Pa:frtizclie | \ \Frigger
1 : A ! : — i : I l i

0 0.5

1 15
A¢ [rad/x}]

Trigger Particle: highest p; particle in event (p+,)
Associate Particle: all the others (p,)
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Particle Correlations

AL I — —
2<p_<3 e e _ ‘
- 3 .ﬁJLnLCZESt z%'#B""?a'Y 10 E 3<PT1<4 ALICE preliminary =
1) _ P : May 15th 2010 -

1
Ll E

whid Ao coodod 2o ol

o
L A

0 05 1 15
A¢ [radim]

A0 [radin)

- correlations present down to very low p;
- study ‘mini-jet region (difficult with fully reconstructed jet ?)

no oM FE S ISUED NDada A o
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Two Particle Correlations -

Two particle angular correlations

Signal distribution: Background distribution:
1 dZNv'gnul l dl’Nb&g
S (An,Ag) = = L -
(AAD) = ¥ (N 1) dAndhg BV AAD)= 3 inndng ~0 7
2004 8“'“% I
30.03 é‘o.oz‘; |
<10.02 a ~ Y
“20.01 & 0.01 o o |
1 - ~|
0.00
4
4¢ " 6‘{
-5 AN -5 AN\
Same event pairs . Mixed event pairs
Ratio Signal/Background
o : S, (AnAg) )
. R(A =((N=D| -1
(An.Ag) (\( )( 5 (5 Aoy ))

An=n-n,

Ap=g, -9,
CMSpp7Tev 2 0

see G. Roland’s talk at CERN seminar, 21.9.2010

pr-inclusive two-particle
angular correlations in
min bias collisions
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Two Particle Correlations

. \CMS 7TeV pp min bias

.. Bose-Einstein correlations:
N\

“"Away-side” (A¢ ~ x) jet correlations:
Correlation of particles between back-
to-back jets

4

Momentum conservation:

Short-range correlations (An < 2):
Resonances, string fragmentation,
“clusters”

“"Near-side” (A¢ ~ 0) jet peak:
Correlation of particles
within a single jet

e N Malmedla dalle b AL mmsniesme NA N ANAN
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Two Particle Correlations

Two particle angular correlations

(a) CMSVs = 0.9TeV (b) CMSVs = 2.36TeV

R(An,A0)

R(An, Ap) = <(N -1 (Ziﬁﬁ'éﬁig - 1) >N

Effective cluster size

Short range correlations
Cluster size not described by eg PYTHIA

(c) CMS\'s = 7TeV

2.5

ml<2.4

5

K

1.5}

e —

2.0}

. CMSDATA -

O
O

PYTHIA
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...and correlations can be interesting ©

- NEMS Expenment at the LHC CERN

Collisions at 7 TeV with very high
charged particle multiplicity (> 100)
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Two Particle Correlations —

CMS Collab.. arXiv:1009.4122, accept. for publ. in JHEP!

Intermediate p;: 1-3 GeV/c
MinBias high multiplicity (N>110)

(b) MinBias, 1.OGeVIc<pT<3.OGeWc (d) N>110, 1.0GBVIc<pr<3.0GeVIc

R(AN,AQ)

Figure 7

Pronounced structure at large én around &¢ ~ 0O !
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Two Particle Correlations

Zero Yield At Minimum (ZYAM)

Associated yield:
correlated multiplicity per particle

AO

—

N>110
2.0<|An|<4.8
1GeV/c<p;<2GeV/c

Minimum of R

H T 7 T L | LI .i LA B | T I L B | I I T T .‘,I T | | T I T 'f" LI | T LI L | [ | . |
0.1GeViesp <1.0GeV/e LOGeV/esp <2.0GeVie | 20GeViesp, <3.0GeVie INGeViesp <4.0GeV/e
®  OMSpp THeV ' + |
S0.04f " + s J
= [ PYTHIAS TTev ‘ ]
- 4
-
2 L
3 —
2002+
: ¢
-« i -
— . . - l
¢ - % ' i ¢
0.00 —»—»= S - - . L3 - - i $
il L4 ' ' | | TR | | 4 1 ]
0 S0 100 0 50 100 0 50 100 0 S0 100

Associated yield grBws with increasiFig multiplicity
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Correlations in Heavy lon Collisions

(c) CMS& = TTeV princlusive o AiAd 200Gev
‘ PHOBOS at RHIC_

(elliptic flow)

Long-range “Ridge”-like structure in An:

» Believed to be mainly hydrodynamic flow from “Perfect Liquid”
* Most important HI results in the past 10 years

» Several papers (exp. and theo.) with 400-700 citations

Simularity with the effect now seen in pp
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Two Particle Correlations -

Observation of long-range, near-side correlations in high multiplicity
events

& Signal grows with event multiplicity

¢ Effect is maximal in the 1 < pt <3 GeV/c range

Long-range, near-side correlation is not seen in low multiplicity
events and generators, but resembles effects seen in heavy-ion
collisions at high energies

Very extensive systematic checks performed

¢ we are confident in the measurement as such

This is a subtle effect in a complex environment — careful work is
needed to establish physical origin

The origine of this correltion is presently not known
Does it have to do with hot dense matter?
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Theory Response.. .

Comments on the CMS discovery of the "Ridge"” in High Multiplicity pp
collisions at LHC

Edward Shuryak

Subvnirted an 23 Sep 2010)
A very recent paper by the CMS collaboration \dteloms_ridge} has created large discussion in the media, which call it
important but did not explain why, in some places even calling t "unundestandable®, While it is of course 100 soon 10
know what causes the correlations in question, a wery similar observation in heavy on collisions at RHIC has rather

simple explanation related 1o explasion of high energy density matter. Perhaps this observation is the first hint for an
explosive behavior in pp, which was anticipated and looked for for decades, yet never been seen,

Subjects: High Energy Physics - Phenomenology (hep-ph). Nuclear Experiment (mucl-ex) Nuclear Treory fmuch-th)
Cite a5 X 1009.4635v] [hep-ph)

Submission history
From: Edward Shuryak [view email]
[wl] Thu, 23 Sep 2010 15:25:49 CMT (15kb.D)

The ridge in proton-proton collisions at the LHC

&drian Dumitru, Kevin Dusling, Francois Celis, Jamal Jalilian-Marian, Tuomas Lappi, Raju Venugopalan
Submitted on 27 Sep 2010)
We show that the key features of the CMS result on the ridge correlation seen for high multiplicity events in
sqrt(s)=7TeV proton-proton collisions at the LHC can be understood in the Color Glass Condensate framework of high

energy QCD, The same formalism underlies the explanation of the ridge events seen in A+A collisions at RHIC, albeit
It Is likely that flow effects may enhance the magnitude of the signal in the latter.

Comments: 6 pages, 7 figures, ReVTEX4

Subjects: High Energy Physics - Phenomenology (hep-ph); Nuclear Theory (nucl-th)
Report number: INT-PUB-10-051, BOCUNY-HEP/10-03, BNL-94103-2010-JA, RERC-858 . and a feW more
Cite as: arXiv:1009.5295v1 [hep~-ph]
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'What do the other experiments say?

Jead 1elulp, |eibaju)

Quick analysis of ALICE

ALICE Work in Progress

Nearside Longitudinal Structure ?

0.8

0.6

04

0.2

i

Data
Pythia Perugia0
—  Phojet

N »

Voo
‘s
W "

_ Multiplicity

~20 30 40 50 60

No p, cut

AndeM1] - ALICE Work in Progress

0.95-

0.9

0.85-

5-6x<M>,p.>15GeV

Not conclusive yet
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Underlying Event Studies

Underlying event activity at vs = 0.9

*MinBias event selection, with additional requirement of a ‘hard’ scattering
via a track jet with p; > 3 GeV
*Study the particle density and scalar p; sum in the transverse region, for

particles with |n| <2 and p; > 0.5 GeV (uncorrect

0.8:"'|"'|"'|"'|"1"'|"'|":
-+ Data 0.9 TeV CMS 1
) 0'7; ---PYTHIA DW ]
% 0.6 " PYTHIACW -
= osf { |
S - <" F ¥ N ]
o 04: ;{ ot i b { ]
- L ]
5 0.3F * =
=~ L
o AF o ]
© 0 1:_ ¥ charged particles
’ s (pT>O.5 GeV/c, ml <2, 60° <A¢l <120°) ]
0".|.I...l..|l...l..][..I. | n

b 2 4 6 8 10

12 14

Leading track-jet P, [GeV/c]
Model Comparison: DW = Standard Tune CW = New Tune (p;,= 1.8 GeV, ¢= 0.3)

Leading Track Jet
direction

More food for MC model tuning...

ed data)
0.8:"'|"'|"'|"'["'"'|"'|':
-+ Data 0.9 TeV CMS
0'7; ---PYTHIA DW ]
0.6 PYTHIACW N
S :
§o.4; i ff{ -------- :
50 al ’
< 0'33 + } E
© o _ ]
0.2 -
- ¥ ]
0.1 charged particles
"t (p, >0.5 GeV/c, i <2, 60° <IA¢l < 120°)
o_l 1 1 l 1 1 1 l 11 1 l 11 1 [ 11 1 l 1 1 1 l 1 1 1 l 1 l_
0 2 4 6 8 10 12 14

Leading track-jet P, [GeV/c]

43



Underlying Event Studies

—
*MinBias event selection e Analysis of the 7 TeV data
e | gETTT T T e
1.2r ' CMS prellmmary Of ' CMS prellmlnary
L 7 TeV }I-{é g 4 1
J— i i h} . = % 1 2;
-6- = el ' -f-‘t"l" I.. o . :
2o08F /.- 1 =
T 1] = T ]
5 | < ]
2 osf 1 To8r 7 900 GeV ;
= T + Data 7(up) & 0.9 TeV] § 0.6:— + Data 7(up) & 0.9 TeV—:
o 04 T —PYTHIA6D6T | o~ | . —PYTHIA-6D6T |
! ---PYTHIA-6 DW % 04F =2 ---PYTHIA-6 DW ]
0.23 charged particles | 0.2k / charged particles
(p, > 0.5 GeV/c, l <2, 60° < 149l < 120%) - “r (p, > 0.5 GeV/e, Inl <2, 60° < agl < 120°) -
1 i I Tl PETE PETE SRR SRR Laaa 1 YT PETT PYTTE FTYTE FTTT ITET FETTE FeTYl FYTYs PerTy
005101520253035404550 % "5 10 15 20 25 30 35 40 45 50
Leading track-jet p_ [GeV/c] Leading track-jet p_ [GeV/c]

*Also: Jet Area/Median Approach Analysis

Underlying event activity increases with factor ~2 at 7 TeV

Significant increase of multi-parton interactions? *
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Underlying Event Studies

Underlying event:
properties of

tracks in selected
regions relative to

leading track

the leading track
— ’ - r r -
B 0.07- Data,\5=900 GaV =
E E == p:-,;oo MeV, /<1
— 0.06% . Pythia Tunc A
~-E x -=--=== Pythia Tune PO
Z, 0.05¢ Pythia GAL ]
_Z 0 04'_ ATLAS Preliminary 1
;_":1 E
—z 0.03:
-t ;
Z 0.02-
Z 0.01-

e lApes0t -

transverse “._ ." transverse

60%1801<120° 77 T8 60%|ack120°
- “ h -~

,-°  away e

‘—\‘\.\ 'I\q,

N

toward -

~ 4
~ e

~

[Ad=1207

Angular difference
() between
leading track and
other tracks in the
event.

(A more “continuous”
version of the above
measurement)

<N, g

MC/Data

v B oo

Il ]l TlI Tll

e —

|IT III II

T
Transverse Region ATLAS Preliminary
\s=7TeV

p,> 05 GeVand Iy <2.5

il ‘lll lll ll

—— PYTHIA ATLAS MCDS Tune — PHOQUET
=== PYTHIA OW Tuna = = = HERWIC-JINNY

2 4 6 8 10 12 14 16 18 20
d‘.uJ[Ge\fl

Overall ATLAS strategy for soft
QCD : report what we measure

— Corrected for detector effects, of
course

Instead of (e.g.) correcting for
diffraction, we have released
measurements of diffraction-
enhanced and diffraction-
suppressed samples.
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Underlying Event

Studies

—

Cevas
20
. * Discussed in JHEP 04 (2010) 065 on generator level
<A * Median of pt/area of all jets in an event is a measure
‘5 B for UE activity — new observable p
B * Supresses influence of hard objects
R » Suitable for different event topologies
. | |
| ) Y. A
0 ’ p' — median [{ﬂ}] .C C = j € physical jets !
i € physical jets A i - Aot
'r' 0.06— T T LB I J LB I T LI I T T I L ]’ LA
> . CMS Preliminary == Pro-Q20 P —_— T T
Q L VS =0.9Tev o 2.‘3” 8 30| CMs Preliminary Syst + Stat
o 0.05 trackjets .. cw a [ Vs=09Tev e
-3 - k, R=0.6 -~ Pythia 8 ~ - track-jets wes OW
L, Inl< 1.8, P> 0.3 GeV — DET o 25 - k,, R=0.6 =i PO
z§0.04_—17 ® Data T mi<1.8,p,>0.3Gev i SN
S [ ] i —oor ]
' - : 201 .
% 0.03H - i I
=z B 1 L §
— i i 1.5j .
0.02}; .
o ﬂ 1.0
0.01- . E
- | 0.5}
- M [ -
00 02 04 06 0.8 1.0 1.2 IR EPETETE BTSN EYSTETS STRTETE BYSTETE B
p'[GeV] 00 02 04 06 08 10 12
G. Dissertori : QCD F p' [GeV] z
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Event Shapes

Hadronic Event Shape

O Central transverse thrust D ice [P ﬁ-,~|
T o=max—==
| np Lieclt,i

logT) ¢ =log(l =71 ¢)

01 T T T T L T N B =

01 de:-nnb-‘ E=7Tev || ey —

. : '

, 014 CMS preliminary 2010 | . -

01: - le, —

04— -+ Calojet ™ e =

—JetJPT ] = _—

0.0 PFiel hd =

0. - Trkjet . -

0 ~= —

0.0 b =

™ vl iy 1 A

12 -0 8 6 4 2

2j back to back logT, . multijets
= 4 jet types in very good agreement g A ol it bl Bl b
0.20c CaloJets p.>39 GeVicij<1a ETV.|L=7s .o‘:
- p_rleadmg>60 GeV, |11j1j2|<1 .3, ‘hg:g;ﬁi o 3
p>30 GeV, n|<1.3, § 0.14% - — Maosrapn.pymas E
o o.12§‘;'8‘$“"’"""" 3
— JES dominant syst, JER and T o | E
position resolution (£10%) 0.06 E
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Event Shape e
Event shape analysis

A “. 1.
small S..: pd large S_.: %
» » B . .
X Transverse sphericity S_.:
i ) (i :
S _ Z plY pi) p,(f) eigenvalues of the momentum tensor S,
oL (i) () (i)2 _
i Pz Py Py Work in progress
A_|.. : — --l‘.: T T T T T T T T |
7)) S vs Multiplicity 900 GeV ] I  S. vs Multiplicity 7 TeV E
g = _2A ~ " 0.9 TeV 1 7 TeV :
D VNI 03 [ni<0.8, p > 0.6 GeV/c Joar [nI<0.8, p > 0.6 GeV/c
07 — 07 =
06 . o.elf— w ® ® ® = —:
= " 8 n " A .
HMe\.Ientsmore T S Y g ;4 g ¢4 L E
spherical than . * . 8 1 ‘7
models o4rt i 1% TS
0.3 1 ; _: 0.3 2
= ALICE 1 [ = ALICE :
02 2 PERUGIA-0 4% 4 PERUGIA-0 E
o * ATLAS-CSC . ¢ ATLAS-CSC 3
¥ PHOJET 1 F * PHOJET :
of L L 1 1 | 1 L 1 3 ot T T |
4 7 10 13 16 19 22 25 28 31 34 37 4 7 10 13 16 19 22 25 28 31 34 37
Multiplicity Multiplicity
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Jets!

—

LHC starts already to probe a new regime eg with jets

CMS Experiment at the LHC, CERN

Datasecorded
A
Event

b section
%ot
Crsshy

2009-Dec-14 03:51:28 667244 GNIT
124120

9 T T I T T T T l T T T T l T T T T ] T T T T l L
O, 5 —e— Data (120 nb ) CMS Preliminary |
G107 — Fi =
= F it 3
-8_ - -.--- Excited quark ]
= ol - - - String \s=7 TeV T
_g 10° Jetnl<13 3
3 | " 8(0.7 Tev) M>354 GeV
© 10k R Anti-kt R=0.7 CaloJets _|
B * i
AV M(g*)>1.261
1 gq’ (0.5 Te\{/)< ‘\' )\ —

g oo S (1.6 TeV)

11 11111l

q* (0.7 TeV) ",
10! :

102

TeV

_]IIIITI T lIIIHIl
Jllllll 1 llllllll

|

| I

2000 2500

1500
Dijet Mass (GeV)

500 1000

Can be used to test models for

New Physics: eg excited quarks.
LHC has already best world limits
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Inclusive Jet Cross Sections

O Inclusive jet cross-section (~Tevatron x 100)

» Restricted to 17 nb™! (no pile-up contamination) 10°

. . > VE NP

and p,e>60 GeV and lyl<2.8 S ot antiky Je‘s} R=06. Iy, |<28
o = : -

‘2‘_ g - ® Ldt=17 nb Ns=7 TeV} E

= Correct measured jets to particle level using &0t -
. . © = - . . 3

parton-shower MC (Pythia, Herwig): s B Byt s ]
2 Compare to NLO pQCD prediction corrected ~ ~ 10°¢ = . RO,
from hadronization and underlying event i o (o .

= == E

L. L. - L] Z

» Theoritical uncertainties on o (PDF, ag, scale): Bl 10 y
B S -

v'10° s , -
10% over measurable p; range y~0 1E ATLAS Preliminary e
v'Increase to 30-40% at lyl~2.8 D ——— } I

_ o S 1.5 | E

= Experimental uncertainties on o:[] % 1 e e e ——— :
- | — @—

v'30-40% dominated by Jet Energy Scale & OF | | | |

) . . 0 100 200 300 400 500 600

v"11% from Luminosity not included p, [GeV]

Good agreement data-MC over 5 orders of magnitude
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Di-jet events

R Run Number; 159224, Event Number: 3533152
Vo Vo R

= X
% 10-2: ATLAS Preliminzry — g ‘ Date: 2010-07-18 11:05:54 CEST
(G Vs =7 TaV
=10~
B 4 )
_% 10, 4 Lot I.ct-'.ﬂ;’ti o
> g — FrIN
Z405-
510 g ant-k R=U.6
£10°: vtezs
= -
107-
10°:
10°- ]

500 1000 1500 [ ; ' S,
P [Gev] [ - : = | e

Py (4)=1.12 TeV
pr (j,)= 480 GeV
pr (j;)= 155 GeV
Pr (ja)= 95 GeV

‘1 \
5 X
& \

<
\

\‘_L?l»

A EXPERIMENT
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Di-jet Cross Sections

U Dijet cross-section
= Main jet : p>60 GeV. Sub-leading jet: p:>30 GeV

Fofdm,,dly|  [pb/GeV]

~ ®

A = e
~
3

- -
o O
~ o]

— -
Qo O
w &)

-
L O

x=exp(ly1-y2l) ~ (1+cos 6*)/(1-cos 0%)
with 6* angle in cm system

—
o
[s-]

T T T T T T
ATLAS Preliminary
anti-k| jets, R=0.6 —e— 340 «m,; <520 GeV [x 'e2)
L dt=17 nb™, \3=7 TeV —5— 520 =m,, <500 CeV {x “el)

T T T T I

— ATLAS Preliminary
i anti-k il jets, R=0.6 —— 21<|y| <28 (x1eE)
JLAZAT b NST TV o oy c2t peien)

—
o
~I

Total syst. unc. —a— 08y <12 (x1ed) Total syst. unc. —a— 08 em <12TeV e

12

—
o
O

% 1e2)

. NLO pQCD + non-pert. = °3< Iyl =08 .NLO pQCD + non-pert.

—o— 0.0« |yl <03 (x1el)

—_
o
S

d’s/dydm__ [pb/GeV]
=

— 'Q'.o. -Ln*'?%.!; 103 * .-

L _w_—n— Q‘-‘O’ —hﬁ_ E
—— T 102 —

—_ —— -N-_*_ | ] _ _ e .

: T e ; 105 T T R

= T — — 3

- - —:_-H-E_"?' B 1 —l__f_ —;

— —— g _ = 1 i . 5

|
L

Lol
i )
O o©
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[N .
|
|
—
-
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I

2107 10°  2x10°
m,, [GeV]

=

Good agreement data-MC in all rapidity and mass regions
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Jet Cross Sections

CMS preliminary, 60 nb1 \!_ =7 TeV
= Triggers: min.bias + single jet > 6,15,30 GeV g ) 375684 |y|<05
combined exclusively at ~99% turn-on e I Ve “. & :
w i [/ “
. . ~ 0.8 P -
= Resolution unfolding — hadron level S I [ :
D i f ]
. . = 0.6 | I
= Agreement with NLO using CTEQ6.6 o : :
) . ) d + MinBias
non-perturb. correction from Pythia-Herwig average 0‘4: o Jetbu
. . . s / f = Jet15
PDF uncertainty comparing different PDF sets 02~ / J:tm: .
U, u uncertainty: pT/2 — 2 pT c‘ ../ Anti-k; R=0.5 PF ]
CMS prellmmary, 60 nb1 \f_ 7 TeV CMS pre"mm(aszsst(?:‘?’atlcs o\f[-PF-,JTe-:\S;) ) 20 30 100 200 1000
;1011 1.8~ ; : _ p (GeV)
(4] PF ]ets Iy|<o 5 (X1 024) : + Calo 15< Iyl <2.0 b
% 10° e 2::;:2 g:ﬁ:;i) 1.6 - yp1 - T . CMSpreliminary, 60nb” s =7TeV
a o 1.5<|y|<2.0 (x16) 4 PF 4 R 120F 0 ;gtallurtwcert?m% lyl <0.5
=107 2.0<|y|<2.5 (x4 E -\ ] [ Absolute p_ (= .
g0 . Zea o) ki A 1 &0, Relative p (+1(°ﬁ)° Y
- o — E ‘o P, resolution (+10° -
%‘ 10° i - { & sop W
% E' +7 _: § 60 PF Jets E
10° 0.6} , 4 2 40 F
N\ s = § N
10F — NLO pQCD+NP \ 0.4 |~ —— Theory uncertainty E -
[CJ Exp. uncertainty & *\ \ ° 0.2}- [ Exp. uncertainty = 0
107 Anti-k, R=0.5PF o i ansatz 20 3
2030 100 200 1000 ) %2030 100 200 00 E
P, (GeV) P; (GeV) Anti-k, R=0.5 PF ;
: : 6020 30 100 200 1000
» Few % difference in JES between algos — 10% on the xsec b, (GeV)
T

Anti-K; jet algorithm with R=0.5
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Jet Multiplicity

e —
How many jets do we have per event?

Multiplicity N-jet to N-1-jet cross section ratios
—_ : : : : — F0-5 | T
2 ATLAS Preliminary | T | ATLAS Preliminary 1
© 106-_ —— ] 0.4~ R=0.6._[Ldt=17nb’ 3
[ —— Data (s=7 TeV)+syst. i
5 : _ ] 03_——,_1—- - Alpgen MC+scale uncert, —:
10 -_ J‘ 3 (r—— —z— Pythia MC ]
r R=0.6, | Ldt=17 nb" . s i
[ ' ] 0.2+ -
104 _—— Data (\N5=7 TeV)+sysl. _ ] I %
- Alpgen MC+scale uncart. i 0.1-_ _-
3 __—.‘_.'— Pythia MCx0.62 i i 1
0103 I l | ] O 1.4¢ | | | | .
< 2 =12 —_— '
E 1 S 0 81—6—===$
© © 0. et p
Q o 1 ! 1 | Qo6 1 1 1 1
2 3 4 5 6 3 4 -5 _6. .
Inclusive Jet Multiplicity Inclusive Jet Multiplicity

Data are more or less as expected, but still large experimental errors...
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Jet Shapes/Structure _—

@ Jet transverse shapes probe transition between hard pQCD and soft gluon radiation
@ Phenomenological models motivated by QCD and tuned at e*e- colliders

@ At hadron colliders underlying event is an important ingredient; models tuned at 2
TeV, but extrapolation to LHC uncertain

@ Jet data dominated by gluon jets

- 1.2_"I""I'"'I""I""I""I""I"
4 | CMS preliminary 2010
; [Lanti-k; (R=0.7) g
-\ s=7 TeV |
- L=10 nb" B ]
08 3 ]
: . :
06 - ot .
B . 20 GeV < P¥ <30 GeV
04‘_ El m Data ]
F O Pythla D6T E
: " * Pythlaé TuneP0 i
02~ g o Pythla8 7
A Herwlg++ ]
PO N SN S SN SN N T T WY TN N TN SN SN SN NN SN N NN W [T SO ST ST U U |

01 02 0.3 04 05 06 07
Radius




i
Jet Shapes/Structure

.‘2 25_111:1111|‘qu+L|A\|s|F’w|wi.\.|||||||- C 10 LI B R B T | I L Jet
n . e
g | ot Aok S Z E ATLAS Preliminary
= e ™ NG v - v
'@ 20 [— e ] L \s=7TeV
8 r anti-k) jets, R = 0.6
RE + r o > 60 GeV , Iy| < 2.8
% —+— Inclusive jets, Calorimeter
ks - 1=
g 19 Number of :
E plusters in " e Data
< 5 jets p;>7 GeV Pythia 6
[ vs number of | oo Herwigis ' ]
bbbl adia| tracks ©o o Hewigb+Jimmy | Jet radial shape
01 2 3 4 5 6 7
# tracks matched to jet 0 01 o2 03 04 05 06
r
Longitudinal jet profile L2 E(calorime ter)
—_ ——r : ———rr 5 - VS p N
5 o I [ m . ATLAS Preliminany| a
2 o Vool 19<n<23 p(tracker) -
(0} . L e Data2010Ne=7TeV) 4
=105 . E 0.8 [ Non-diffractive Minimum Bias MC -
. | e e i
< - Isolated hadrons
w r 0.6 T . ag ] l
~ 1_ W | : . . :
: B 0.4 . * -
L ] N e * ] E
ATLAS Preliminary 0.2~ : - h
0.1t «— pata 2010 Vs=7 Tev B < 1.2¢ - P
MC QCD dijets 2t :
anti-k, R=0.6 cluster Jets, lyl<0.3 o 1 L SR S S S +5%
40 GeV<pEMES 60 GeV e I -5%
o 01 ! s LA | s TSR | 0.8
=01 1 10 1 10 p [GeV]
Calorimeter Length [2]




= In(xy228/p})

“Pr. "h

PRD 79, 094019 (2009)
B

57



i

Gap Fraction

MC/data

selections:

in

ije

Minijet Veto

* Select dijet events; jet p; > 30 GeV, average jet pT > 60 GeV. Two

— A:boundary jets are the highest pT jets
— B:boundary jets are the most forward/backward satisfying the above

* Veto on any extra jets between the boundary jets with p;>30 GeV

1_‘ LI L | ] L | L I
ey S ATLAS Preliminary 1
0.8'-_ ey -t
! ‘——aageaae
0.6}
0.4 R
= Data 2010,\s=7TeV ]
0.2 Syst. p, >60.0 GeV g
N PYTHIA Qo=30GeV
PP B PR B [ |
1.2 L LA A L LA AN LN | T T
1.1 ’
""1"‘ .........
ool — +—+
0.8 . I 1 ! 1 1 Ll
0 1 2 3 4 5 6
Ay

Gap Fraction

MC/data

ts with a jet veto

] S A B B UL
[ rvoem ATLAS Preliminary N
0.8)- [y —— .
0.4} O
.« Data2010,\s=7TeV '
0.2 Syst. p. > 60.0 GeV ]
...... PYTHIA Oo=30GeV
PR S ST S SN ST S S | 1 RN SRS 1 |
12 OO, O UL U o LI Ve ]
) —— ramns e
0'8.“.. ..... .‘ ......... [ ............... .1 ............... | : v[ .‘. 1 ', . .
0 1 2 3 4 5 6
Ay
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T — .
Azimuthal Decorrelatlogk

Angle between leading jets
sensitive to higher-order
QCD radiation without

explicit 3" jet reconstruction

2

10°
10°

10

1/6 do/dA¢ [radians ]

1

10“_

102

10°

Comparison to MC generators

= 10*
1]
ATLAS Preliminary + & 10°
\s=7 TeV g g
anti-k, jets R=0.6 = =
Pr>100GeV |y™1<08 . o e g 10°
Data [Lct=315 nb" == % % 10k
0 p™ 5310 GeV (x107) —— —— o
8 210<p™ <310 GeV (x10°) . v =
0 160<p™ <210 GeV (x10_‘) 4 RV
e 110 ™ <160 GeV (x10°) b a
systematic uncertainty *ﬂ: 10
X Pythia "
Herwig ]
.HOWO. $ 1 o
/2 2n/3 5n/6
|A¢| [radians]

Comparison to NLO pQCD

1k

- My '”n'(p' )(v.mahon
B CTEQE 6 POF '

ATLAS Preliminary g
\s=7 TeV —
anti-k; jets R=0.6 = -
jot
p;'>100 GeV |y*'|<0.8
-
Data [Ldt=315 b’ —— o
o p;V>310 GeV (x107) + =0 e
® 210<p["<310 GeV (x107) = -
o 160<pT"<210 GeV (x10") - .
o 110p™<160 GeV (x10°)
systematic uncertainty ? E’
NLO pQCD + non-pert. —— ol

factor of 2 o

x2  2n3  5ue  «
[A0| [radians]

Good agreement for both Alpgen and NLO pQCD
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Azimuthal Decorrel

Dijet Azimuthal
Decorrelations

Q A¢dijel = |¢jell —¢jel2

sensitive to higher order
QCD radiation effects

 Madgraph underestimates
low A¢ (multi-jet) region

» High sensitivity to ISR,
much less to FSR

ations

—

detector level

= % ppeVs=7Tev
© § o PI™* =200 GeV (x10%)
- 10%F & 120 < p]™ <200 GeV (x10?) »
o 90<p]™ <120 GeV (x10) A~
o 70<pT™* <90 GeV h
10
1
107
102 —4—
B Pythia 6 (GEN-SMR)
o — Kga=1.0
102" Kion=4.0
" 1 " 1 " "
/2 2n/3 5n/6 b1d
Aq’duen
—v— P
LY
3 jets

%
Aq)dljel 2 jets
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I— :
3 to 2 jet ratios —

2 j —> 3 j res u Its detector Ievel (calo jets)

O Hadronic event shape: £ Pythia6 D6T Tune =
H 12 =

ME MC underestimate 3jets region < § i S S -

» same bahviour for higher p/eading 3 o8 * L =

« improves for higher jet multiplicity g ! - F

] r =

§ "2- i + S e o _;

0 3j/2j VS H: I TS
not conclusive yet o T
814L""I""I""l'"!"""""""" ':‘ E
= [ CMS Preliminary . z _E
1.2:—- ) Basi; :;-9:76 - g 0 ..+.-$--#-’.-.-.A..'.-A.....‘.-.‘......;..p...E
1Eif---- PYTHIAS g 08 s

L | | — — Madgraph 1 08 -

5 B: =3 Systematic Error I 1 [ = 1:6 t i t t H——— —E
E B sl T == g 14f 30 GeV matching threshold S
0.6F i e 12 cv o0,

A g 10 mm = mmmmsom s e e g s e s s e -3

| B . S —] —( & os Yier %S =

C [ S e ¢ * l =
0.2— ,’,‘ — 16 = T L T T T '_;
/] § 14E 20 GeV matching threshold | =

0 L = 10 remmmccccccmnccnccmnmnnn .'..!..... ... ..... ? .

02 03 04 05 08 0 0.8 ?-I?(Te\/‘) Kg g: . ..,._... g




b-jet Cross Sections -

Special jets: Jets containing a b quark

O b-jet xsec

b -j et dc I d pT CMS preliminary, 60 nb” ___ \s=7 Tq\g

b-jet P, (GeV)

g [ mceno + lyl<05
g 4: ----- Pythia ) o 0.5<]|y|<1
0 Ratio to inclusive — partial syst G af T rip.uncertainty - 1<yl <1.5
. 3r (centeredon ansatz) o 1.5<|y| <2
cancellation 3 o
* b-tag efficiency ~ 20% s 1
» JES b-jets VS LF jets ~1% a ‘:
- CMS preliminary, 60 nb1 — Ns=7 TeVv 2 -_
] = ]
‘o 0.1 rﬁﬁi’:: Lo Antu-kT R=0.5 PF ] ;
= - [ Exp. uncertainty | :
(2] (centered on ansatz) ] 1
30 05 ] 0 :
Q SIWI<05 i‘ 20 30 40 50 100 200
o
ey

O Comparison to theory:
* b-jets from MC@NLO (CTEQ5M)
* inclusive jets from NLO (CTEQ6.6M)

— reasonable agreement with NLO

20 30 4050 100 200 but different p,, n shapes 6
P, (GeV)
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b-Production Cross Sections

—

b—opu+X

Q Measurement from pT , distribution fit with
b and cudsg templates

(p#*>6 GeV, [n#[<2.1)

o = (1.48 & 0.0451a = 0.225y5¢ =+ 0.161mi) 1b.

omcanLo = [0.8471075(scale) + 0.08(mp) = 0.04(pdf)] ub.

(a) CMS Preliminary 1200 (b) CMS Preliminary

% - '| - |, T e '8 :I C e llcuswa I I I:
0] - MC@NLO (CTEQEM, m, =4.75 GeV) — —_— i MC@NLO (CTEQ6M, m =4.75 GeV) | -
S 103k MC@NLO scale variation (0.52) — — 1000| —— - MC@NLO scale variation (0.5-2) |
= ——=—— PYTHIA (MSEL 1, CTEQS6L1) 5 >_$ _ | — = PYTHIA (MSEL 1, CTEQ6L1) ]
5_5 \s=7 TeV ] = 800 :— \N&=7 Tev —:
=, 102 L=8.1 nb’ _ T B L-8.1 b ]
U i X 600F .
+ - 1 0 B - -— ]
Q0 1 B - l_f_a—*—q_l - 7
a X ' : E Q 3 P - - N —— ——
gg | g5 %
C PR | P [ L :"".","?"l""f'I"'; 0 T y * —

10 15 20 25 2 -1 0 1 2

muon p_ [GeV] muon n

L Same results as inclusive b-jets: NLO underestimates xsec at low 1
and low p;



I .
b-tagging i

n LHCb —

Run number = 72330
Fvent number = 78621879

ch

m(uy) = 3072 MeV/c?
m(KK) = 1020 MeV/c?
m(upKK) = 5343 MeV/c?
X2,/ NDOF = 0.8

Tlo. =78 (L =20 mml)
cosa = 0.9999998
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B Meson Measurements

e ——

On the road for tree level g measurement: many channels and strategies
will give a complete picture. Trigger and tracking performing well.

40— \s=7T V Data

; — e T A | I
,-i; “ IL’:'e(I:itr’ninary &= D (K )= (300007 E 10 LHCb Muwt = 240 £20
= YEE=7ToVData Noja=17iaz2 ; Prellmmary "'E : 5271.91 1.8 MaV¥
g 35 :’nn-’ ((sggg]z rg‘.’m eV £ gl vs=7TevData Canwa 208 114Ny
W g 3 +
+ 60 0
’5 B*—D(Km)T J[ BO—D(Krrm)m
N ~ -1
: ~300 nb- . m # 750 nb
10 20 ﬁ#/ N
. = + 3
A5 52505300 5350 Sae0 M'm—) 4300 5000 5200 5400 5600 Clean Samp|eS
mass (MeWc ) . ‘
- . - with high S/B
"y - X ) ) ) ' ..~ LHCb [ Moy =  38:7 g
“ 5 LHCb o = 652 11— ~  Preliminary ™ = samaoswev
= E Prellmmary = 53568 4.8 mvf ‘§12 Js = 7 TeV Data Crasee = 1371 2.4 M
n aws = 28 =33 MeV 3 o
w

3

2

1

%*M\m li‘%&&%#

—Dy(KKr

mass (MeVic)

'°5~400n T BO+B+

B Candidate Mass (MaVic’)
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b quark production Cross Sections

Cross section in four n bins, open trigger (~3 nb-') and muon trigger sample (~12 nb-1)

submitted to PLB (arXiv:1009.2731)
50

X Microbias e MCFM
eTriggered
40r + Average
do 30 o T Shapes and scales agree
dn b well with expectation.
(b} 20} Validates QCD predictions
10| at LHC energies
LHCb
0 . : !
2 3 4 5 6

(pp—H,X)=75.3 5.4 13.0 ub for 2<n<6,anyp, Vs=7 TeV

Extrapolating to 4 with PYTHIA 6.4: (pp—»bI;X) =284 20 49 ub  Theon
MCFM 332 ub,

Averaging with prel. result from b-2>J/gm (pp—)bt?X) =292+15+43 b NFMR 254 ub

-> b rate (at least) as high as assumed in LHCb sensitivity studies.
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Charm Measurements —

= Collecting large samples of D*>D° tagged events in DK , KK,

------------

N, = 17033 _ 188

Mass o =0.40 = 0.04 MeV/e* 7]
LHCb
Prol minary .
-TTeVData 3

E Prollmmary
NE =7 1ev Deta

2
2
g
~ 3
:

D= DO(K- 1T+)Trs -

124 nb'

M RAdd Rt i Lhid RES RAd Lidd Al

1650 1900 .

m,, (MeV/c?)
< S

t?e?i%inary + Yoy * M N2 _. % 5 N, o = 19314112
& 250 bl '.hzm-uur-:.mucv‘é E Mwm = 0.80:3 6.06 Mo
= Should surpass == e Preliminary
. . 5 2 =nc v = { TaV Data
B-factory yield in 2010. &=

L
1850

'S A
1300 2 145 150 155 CS)
my, (Mevic®) Mk, - Mk (MeV!

= |Immediate opportunity to probe for finite CPV in D° mixing at new
sensitivities. A crucial test of the SM vs New Physics.



Charm Measurements

D:+c.c. cross-section
LHCb.\'5=7 TeV |

1h

First measurement at Vs=7 TeV. [ LHCb
- Preliminary

Measure cross section vs y, pr b Cpy<8 GeVie

in ~2 nb-1, with open trigger. H—‘_\
i T

Impact parameter distribution used to

separate prompt D%*,D*, D, from L] -—— ——
Fytha LHCo tunz)
secondary. . _
Good agreement with expectations! P 3w et
D +c.c. cross-section )
é"u"lL_ll-lCl.'- Preliminary 2010 - woE LHCb.Ns=/ leV
=7TeV L 2 Deyed b -
<120 \ézleclez K'Kpl* Candldates k - - 2Dey=43 i
2 "o In= S0+ n.:m Na , DS /
2100/ ot SRR 10

Illl

- LHCb
| Preliminary

@
NDy = 3314 21
80
D*
|

60— - —— | A0k Prwiminary
- 7 Eythis]l =31 e
40.— [ "=nun BAK atal
- 1wl
ZUE + [i Ll
| 1 | | '
o—l.f"..... . = o f 2 3 4 5 6 7 8
1800 1850 1900 1950 2000 2050 p. [ GeVic|

M{H[K K }=} (MeV) 1
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Charm Measurements —

D+c.c. cross-section D "+c.c. cross-section
T LARRA RS AL RSLEL L L 1 UL R R R R R R R R N R AR R AR R RR RS R RR N KRN R
LHCON=7 TeV © = I7 LHCO A=/ ToV LHCbAB=/ Te¥
25330 : 10

20y<25 = 2530 ]
- 3

T T T T T T
LHCO \5=7 TeV
2 0cy? 5

10
10

@ LHCD Malkrinary | & —e—LHCL Prelewary =8 LHCU Pralrinary
! - ——— Sythm) MCh trw) 1 F ——Ayralucoare) Pytsl € tua) Pyt LiCD bre)
———=BAK o ———=BAK el : lo; - AN AN
ol | ———MCetal d p——MCeta - MCetal MCeta.
i PP PP T PUTTE FRRTE PR NUTEY PP | AP PRTY PPTTY PRETT FTPEY Prrey PETTR T |
T T ARBARAN RALRES LN LL T T T T T T T T T T T T T T T YT, P A s e e e e e e e e R R RS R RN R R R R R R AR R
e LHCD\o=7 TaV LHCD N7 TeV - 5 LHCONC=7 TOV I E LHCD\ =7 TeV 7
30455 - 35q<40 ¥ -

3.0cye35 ' 3.5yl 0

10

—@— L HCD Prbmimary —@— LD Predminary Il r —@—LHCh Prelmwrary T —0—LHCs Prafminary
IF Pythid_HCD hre) 3 PYTIadLHCD wre) E —— Pyt O tum) S —— Pyramiicn s
~---BAKet el === -BAKelal - A T B e
IU’ P—Iu_-‘lu 1 1 1 Il 1 3E vy = o !.'_'M:lﬁll 1=!-’_1.‘K“-A 1 Il Il 1 i
TETITETTEITETE FET TSN T TS PR T ET W S S S WETE NS TIFTETE PR TR TS S F S e - L T FETTERT RN FERTE FRTES PR RS PR TR
0o ! 2 3 4 T 4, 2 -

LHCDL N\ s=7 TeV

1 40cycd 5

10 F

2* Ry < ~ 7 o
D"+c.c. cross-section

r
= s . R B B S L
10 f%i Ir N LHCoNZ=7 Tev {F LHCD N\ 27 TaV ¥

20cp25 25230 _

| HCD Pasberinary
I'F PythialHCb tre)
————lAK et

—_—C el W' e Sad | b —e— s Pt ;—Q—M‘nhh
Iolon IA;I‘A‘AI.;:Ill;llll;llll;llll;llll;.l 1.8 5 ._l:"._.“[:‘.. Leasal D’ﬁ;-'(h:‘:l ’ %.p&l‘nm b
) 0 1 2 3 4 Jgff-mses [ ----tacorn )
[ —MC 3 WC st al 3
p_rl'GeV‘c] " T ...'i.... [P T TP PETTE PR
. R e e B L
1w LHCON =7 TeV Y F ¢ —o— LHCD \s=7 TeV 3

3035 35<y<40 ]

S
o

Extrapolating to all pr and 4 can also wf

F—.—Lll}uﬁchh-y F—8— N0 Pelonay

confirm the expectation on ratio at Vs=7TeV - e e
(pp—ccX) =20 x (pp—bbX) o R <%

10 .
Tfeuanms S -
L =T

-> Good news for LHCb charm program Frrree s ORI

g 1 2 3 4 5 6 7 8
p,r[GcVIc]
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TOTEM and LHCf

Experiments at the LHC for special QCD
measurements



A Few Smaller Experiments: TOTEM & LHCf

TOTal and Elastic cross

TOTEM: measuring the total, elastic and section Measurement

diffractive cross sections

Add Roman pots (and inelastic telescope) s mAN -
to CMS interaction regions (200 m from IP) e e O
Common runs with CMS planned o Opp [Mb]
RP\1 RP2 RP3 R4 | 77
QT Q2 Q3 TAN D2 Q4 Q5\“Z Q6 i . e
D1 — e = » a0 L
IP5 & Hﬁﬂﬂﬁﬂﬁﬂﬂﬂr" ‘Z —=HH+ i 5 gt
AN % i =iy 5 e
Js[GeV]
LHCf: measurement of b atomen 7 S NPT —
photons and neutral pions Connection with
in the very forward region cosmic rays
of LHC LN P —
9 $‘)\;\.&'/
Add a EM calorimeter at \
140 m from the Interaction
Point (of ATLAS) ot \

107 10" 10" 10'2 10" 10™ 10" 10" 10" 10" 10'° 10%° 107’
Energy (eV)



Experimental layout of the TOTEM Detector
U g

' (i . : ' |
Lo ! Ty anii l'.'" T ;\"' - —— " ]
f - ‘ e |"‘=‘ {\i | | | | '

Focusing on:
e Total pp cross-section

eElastic Scattering
eDiffraction

eForward physics

Rap gaps & Fwd particle flows measured with
inelastic telescopes (T1 and T2) 3<|n|<7

Leading protons measured with Roman Pot

Stations (RPS) at 147m, 220m from the IP T e

RPS ;
73



. Experimental Aspects of Elastic Scattering

pp—pp: Scattered proton detected in
Roman Pot telescope

Measure X,y position in the
roman pot detectors

Position the Pots at locations of
“parallel to point” focussing

Use special optics with a large

value of the accelerator § function
(weak focusing, here f* = 1100 m

and beam angular spread ~ 0.67urad)

Roman Pot can be lowered to “15
sigma” from beam (ie 15 times the
beam size)

Resolution:  Af ~ 0.7 x 1072,/ ¢ |.

Vertical displacernent (mm)

Detector

- Q1 02 @3 DI e a2
l CICIC 1 OO0 § %
1 ,I‘ 1 1 l 1 1 I 1 1 1

1 1 L I 1 1 I L L1 I 1 1 1 I L1 1 I 11 L I 1
20 40 60 80 100 120 140 160

Distance from crossing (m)
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TOTEM: Total cross sections

Aim: ~1-2 mb precision

180 - Cosmic ray -
_ y=2.2 (bestfit) data A
160 ---- +10 /]
140 /!
120 ‘ =
100 | ol ]
80 | .
60 | | ' ]
L > ]
bt e ]
40 - '<T: 3
- o
20 [- 7] SS K 5 .
O:lllll Lol Ll Ll I |||||||:
10 102 103 104
Vs (GeV)

-

10°

v =2 — G,, @LHC = 110 mb
y=1- 0, @LHC= 95mb

—

TOTEM

SCHEMATIC LAYOUT

The measurement of o,

Historical: CERN tradition (PS-ISR-
SPS)

Current model predictions 95-130 mb
at the LHC

Some extreme models give higher
values

(like 200 mb!!)

How to measure o, ?
(naively..) Well, just count the events...

</



TOTEM: Total and Elastic Cross Sections

Here is a catch! o,y = # events/ luminosity
How to measure luminosity? Precision? (5-10% estimated)

# Get o, from Luminosity independent method

, , 16 _dN
(l) Lo—mf - 2 X
I+p° dt

“OPTICAL THEOREM” Use elastic scattering
. (t—0) and
+N, total inelastic rate

inelastic

(ii) Lo, =N

tot elastic

o lor (dN/dr)| _, Here p = ratio of the real to imaginary
o 4 o> N,+N, part of the forward scattering amplitude

e Measurement difficult at LHC
But impact on precision small

S Aim of TOTEM try to measure o, with
: ~1-2% accuracy

L (~5% at startup with preliminary optics)
Ot Can then be used for an absolute

j calibration of the luminosity

I EEET Lo
10t 105




TOTEM in Operation

Roman Pot detector assembly

T2 Detectors

Detectors
approach the
beam by ~ 200

AN sector 56

sector 45 ' 2D

sector 45 K @ First elastic and DPM collisions
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T = o

TOTEM Operation

RP alignment was performed at 450 GeV E
->» needs to be corrected to beam width at 3.5 TeV

Careful approach staged over 3 normal fills in STABLE BEAMS:
3060 225062200

For closer approach (15 o) a new alignment exercise at 3.5 TeV will be needed.

Objectives with standard runs:

* RPtriggersat30c -150c
-> large [t| elastic scattering
-> diffraction

* Optimization of T2 (noise, efficiency), study of beam-gas background

Request special TOTEM runs with ~101° p / bunch

-> multiplicity distributions with small pileup (difficult to resolve in the very forward region)
10! p/b: 1.7 events in T2 / bx
1010 p/b: 0.017 events in T2 / bx

First runs with B* =90 m

78



High Energy Cosmic Rays

Primary Particle

/

nuclear interaction

T,

+ + — - + 0t + - + -
A p. n, T, K, e YeYYye Yy e
nuclear fragments
muonic component, hadronic electromagnetic
neutrinos component component

K K° =z with air molecule \\\
T

7[ éK K%TC

pp collisions at E,= 10" eV

most energetic baryon

— DPMJET IL55

S
’ Cosmic ray
showers:
Dynamics of the
: high energy
. | particle spectrum
) is crucial

x (km)

Interpreting cosmic ray data depends
on hadronic simulation programs
Forward region poorly know/constrained
Models differ by factor 2 or more

Need forward particle/energy measurements
e.g. dE/dn...



Connection to Cosmic Rays

10 :I RELUEERRL |||||||| | |||||||| | I||||||| | |II||||| | I||||||| | |I||I|I| | |||||||| | IIII%
= L .k =
S - Y ga 0¥ "Knee" i
% — : * A 4 "‘: Wﬁ: ‘#‘ N
© | il % | | Energy of
T bqgi incident
NG % _| | particles in
w F S |l 3 | cosmic rays
~ - “t,  Ankle’ [T
E B Tevatron %§¢:J¢ i M } [ i
L% L _
N\
201 | LHC —
S il -

_I IIIIIIII | IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII | IIIIIIII I IIIIIIII | IIIIIIII [ 1L I Illlm

1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021
E [eV/nucleus]
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LHCf: an LHC exp. for Astroparticle Physics _

Detector Detector
. ARM2 TAN TAN ARM1
=iy — * — Gl
« > p N 6mm
. 75 LHC Pl «— - ——

Detectors installed in the TAN region, 140 m away from ATLAS Interaction Pomt (IP1)

x Here the beam pipe splits in 2
separate tubes.

x Charged particle are swept away by
magnets

Protons
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LHCf: an LHC exp. for Astroparticle Physics _
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Particle response

400 GeV photon

1.2 TeV neutron
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Model Predictions: proton-proton at the LHC
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Predictions in the forward region within the CMS/TOTEM acceptance
Large differences between models
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Expectations from MC stu

Gamma Energy Spectrum
of 20mm square at Beam Center
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900 GeV Data Analysis
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Summary of Lecture I: QCD

QCD results are the first measurements from
the LHC. All experiments are contributing

For ATLAS and CMS these are also crucial
measurements to prepare for the searches

So far the measurements agree with the QCD
predictions based on lower energy data and
theory within ~20%

More precision with the next luminosity phase

Some items to be understood, eg the ridge in
particle correlations; a new effect
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