Lecture 3

Physics Program

of the experiments at

Large H adron C ollider

= Hard QCD
D Jets
0 Photons
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News of last weelk

cess 9%

Very good week, with nice and long fills ...

Delivered luminosity in the last 7 days: 1.14 fb-1 !
38% of the time spent in stable beams.

lu set up 28%
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Typical pp collision

Beam of partons

Radiation from incoming partons
Primary hard scatter

Radiation from outgoing partons
Hadronization

Multiple Inter. / Underlying event
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The underlying event

“Hard” Scattering

oulgomg paron

* Transverse region particularly
sensitive to multiple (parton) int's.

= All commonly used MC models
predict too little transverse activity
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Understanding cross-section at LHC

LO, NLO and NNLO calculations

K-factors
“Hard™ Scamtering
o, (PR benchmark cross
PDF's, PDF luminosities outgoing parion — gactions and paf
and PDF uncertainties correlations

proton proton

underlying evenl underlying event

mitial-staic
underlying event fog o fadidion
and minimum outgoing partonf 1 jiation Sudakov form factors
bias events

jet algorithms and jet reconstruction

calorimeler et

Calorimeter

Hl l.tr Decaye,
L HT interactions in
¢l."' material,
|H‘i Magnetic field
.!1

lndj ﬂlnn
_ | q ' Ot of cone
' I b
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QCD factorisation and parton model

= Asymptotic freedom guarantees that as
short distances (large transverse

momenta) partons in the proton are
almost free

" Sampled "one at a time” in hard collisions
9 QCD improved parton shower model

part:::n distribution function.

“suitable” final state

prob. of finding parton a8 in proton 1,

\ carrying fraction x| of its momentum

4T

factorization scale

(*arbitrary”)

1 1\
PP X (50 gy pp) = Z]D dml_[o dzy fa(x1, s, pur) fy(T2, o, pp)
a,b

" /!

f

part:::r‘lic cross section,

rtonic CM 2
computable in perturbative Q(:\D e S

renocrmalization scale

(“arbitrary”)
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Perturbative QCD in the LHC era

Tuned event simulation
(parton shower + UE) MC
interfaced with LO or NLO

hard scattering MEs

\ LO, NLO, NNLO, ... supplemented by

/ resummed N"LL improvements,

EW corrections

Parton distribution functions

* The QCD factorisation
theorem for hard
scattering (short

1
ox = Z / dx;dx; fa(xlaﬂ%‘) fb(xz,#%‘)
ab V0

distance) inclusive X OabX (xhxz,{pif‘}:u-s(u%),cr(uﬁ),—z,—z

pProcesses

Q’ Q
Hr Hp

|
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The impact of NLO

pp = (Z7")+X
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= Shown only scale variation u, and .
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Parton distribution functions

roton
Drut% % LHC parton kinematics
x,P x-P 1o’ E

X, 5= (M/14 TeV) exp(zy) :
Momentum fraction x,, x, determined ke Horvey
by mass and rapidity of X. 10° F
= x dependence of f(x,Q?) determined 10°
by “global fit” to deep inelastic 6 r
scattering and other data, Q* &
dependence determined by DGLAP g
equations: =
10° F
[E)‘q;(x,Qg) as ['dy X 2\ F y=
W o ’ ?{qut]]{yaaﬂ} qi(.,;’Q ) 10° po. i
X ~2
" qz) ¢ Pqul,'(j’:fls} g(;-Q )} 10* r
og\X, . X o2 :
X .
) \ + Pgg(y. as) g(?Qi)} ) x
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How PDF's are obtained?

® Choose a factorisation scheme (e.g. MSbar), and an order of
perturbation theory (LO, NLO, NNLO) and a starting scale Q,

where pQCD applies (e.g. 1-2 GeV).
= Parametrise quark and gluon distributions at Q,, e.g.

fiz,QF) = A1 + biva + cjz] (1 — z)
" Solve DGLAP equations to obtain the pdfs at any x and

Q>Q,, fit data for parameters (A, a, ...a )

" Approximate the exact solutions (e.g. interpolation grids,
expansions in polynomials etc ), just output “global fit” is
available for users

SUBROUTINE PDF (X,Q,U,UBAR,D,DBAR, .., BBAR,GLU)

input ‘ outp ut
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Anatomy of global PDF fit

Formalism
LO, NLO, NNLO DGLAP
MSbar factorisation

Q,2

functional form @ Q,?
sea quark (a)symmetry
efc.

[£ex0) 28500 ]

Output
FORTRAN, C++ code

in user-friendly form

Data
DIS (SLAC, BCDMS, NMC, E665,
CCFR, CHORUS, H1, ZEUS, ... )}
Drell-Yan (E605, E772, E866, ...)
High E; jets (CDF, DO)

W rapidity asymmetry (CDF, DO)
Z rapidity distribution (CDF, DO)
vN dimuon (CCFR, NuTeV)

etc.
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MSTW 2008 NLO PDFs (68% C.L.)

&—\ &-51_2 T |||||||| T ||||||I'F
c ] g |
X Q*=10GeV?{ X |
= . X 1
- 0.8
- 0.6
- 0.4
- 0.2
0 0
10° 10 1072 10™ 1 10
X
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HERA + ATLAS global PDF fits

Different centre-of-mass energies probe different x and (32 values for the same prand
rapidity ranges.

= Increased sensitivity to PDFs expected when both sets of jet cross section data are
analyzed together

After inclusion of the ATLAS jet data:
= oluon distribution (xg) tends to be harder with a reduction in the uncertainty

= sea quark distribution (xS) tends to be softer for high x resulting

1n a larger uncertainty
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2 = 0.8F- =
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14-E; _: 5,4:— _:
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Short-distance cross-section in

perturbation theory

(¥g

5((11,._;, [V n”f'f) — [“35(;“ :"{)]”” 6-(0) _|_ E

LO NLO

" Leading-log predictions only
qualitative due to poor convergence
of the expansion in o, ()

= Traditional estimate error bands by
varying combined renormalisation
and factorisation scales

L, = 1 = U
from Y2 to 2 times the typical scale
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QCD hard scattering processes

= EW gauge bosons Di-jets Direct photons
e p—.é lﬁ_.é
" %g q g q

) 4 a q Y
P B2

= Measuring those processes test our understanding of:
0 Partonic structure of protons
0 QCD scattering via calculations of N(NLO)
0 Hadronisation/underlying event
0 What makes a good jet algorithm
0 Data driven background estimates for rare processes
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Avalilable predictions

proton - (anti)proton cross sections

- Accurate predictions for dijet 10" grrrr——rrrren ey 10
production, W/Z/gamma + jets '} O — {1
production at the LHC are o Tevaton LHC 1
available ] ==

10° | 110° "¢
- Monte Carlo event wl ° P
: o
generators w0 [ | N
E o (E™>Vs/20) I
* NLO + parton shower s v
(MC@NLO, POWHEG) £y o 10
= LO | © 10 £ (E>100 Ge) , 110 %
(many legs) + o | . w 8
parton shower (Alpgen, o b : J0 2
MadGraph, Sherpa) 100 | . e 2
- Parton level codes for 107 £6 10 (M,=120 GeV) A"
distributions at NLO 206y é ='i
10° - 11

- Modern parton distribution T 5.‘09-6-3-‘-‘-; - .
functions ' Ve (TeV)
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Inclusive jet production

Calorimeter-level jets
S —1 & Unfold measurements 1o
| Hadronic showars Eouu 1 the hadron (particle) level
\ ! EM show
-

Hadron-level jets ) p
\ . . !
v Hadronization
I

\ -
* ./ Correct parton-level theory

S for non-perturbative effects
(hadronization & underlying event)

S % Jets are collimated spray of particles
§ originating from parton fragmentation.
Underlying event - To be defined by an algorithm

1
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Jet reconstruction in ATLAS

= Jet finding: from Energy deposits — noise-suppressed 3D clusters:

: exploit transverse and longitudinal calorimeter segmentation
partons/particles/energy
deposits to jet Jet inputs clustered with anti-kp algorithm:

@ Infrared safe, collinear safe (= NLO comparisons)
@ Regular, cone-like jets in calorimeters

@ Distance parameter 0.4, 0.6

Cluster g'o 3 0 0o i units of
T y90.1213 2 0 0 |ElOnoise

N

L

N

wE

¢
A

Aloc

[Cacciari, Salam, Soyez
JHEP 0804:063,2008)

oowroo
orE#E«-o
IIIIEIII
ro Boo
EERNE -
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Jet reconstruction in ATLAS

CH

“calormmeter jet”

EM

= Jet calibration:restore the jet energy scale
(JES) starting from the EM energy scale

“parion jet” “particle jet”

2 T T TT T TTT TT I- T |-I TTT | T TT | TTTT | T TT | T TTT | T TT | T 1
I 1:_AT}_AS Ié’rellmlnary -
3 " Barrel ~ BamelEndcap  pps HEC-FCal  ppy ] '
E 0.9 Transition Transition s
?E il“““ atly 11111111‘ i A, E
@ I Ay i A A Lla Aay at .
% D.S?DDDDDDDD Dnn A DDDDDDDDD o ‘.i * : “ E p P
o I~ - o O . I:II:I oOpp N
@ U.? :._l e o I O _: E
= pDoSPeg o A4S ]
3 0.6 o e —]
ad Coog o -
el -'. L= DDD —
- L] 0 — . .
0.5 e % L E_saev o E-4maev 1 Calorimeter jet response needs to be corrected for
C . o E =60 GeV a E=2000 GeV ] ' .
O.A[-Antiky R=08EM+ES , E_qi0Gev o Non-compensating calorimeters
0 05 1 15 2 25 3 35 4 45 . .
0 Inactive material
Jetin |

Transitions between separate calorimeters evident. 0 Out-of-cone effects

n-dependent jet calib corrects for response diffs in 7 = calibrate the jet kinematics to the hadronic scale
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Jet energy calibration

" Jet measurements require calibration of the jet energy scale

2 Derives a calibration which restores average JES with (n,E)-
dependent calibration constants from MC

-‘:EW' D. '1 2 T T T T I T T T T T T T T I 4?.' G. 25 T T T T T T I
£ i Anti-k, R-0.6, EM+JES, 0.3 |n| < 0.8 i £ B Anti-k, =0.6, EM+JES, 3.6 1| < 4.5 ]
£ 01 - \JE=7 TaV JLdt:zs pb™! Data 2010 + Jet Monte Carlo - Z - J5=7 TaV J Lat=35 pb' Data 2010 + Jet Monte Carla .
@ A — [iE) — 1
2 T 4 ALPGEN + Herwig + limmy v Noise Thresholds ] 2 0.2~ . ALPGEN +Herwig+Jimmy v  Noise Thresholds
3 L x  JES calibration non-closure »  PYTHIA Perugiaz01o | 3 - x  JES calibration non-closure »  PYTHIA Perugia2010
= 0.08 [~ o Single particle (calorimeter) = Additional dead material | = T o Single particle (calorimeter) ®  Additional dead material ]
% ] Tatal JES uncertainty - E 0.15 [ © Intercalibration [ Total JES uncertainty —]|
- = B .
w 0.06— ] I L -
& C ATLAS 5 " ATLAS -
v ] w 01z @ —
4 00 I :
E - - = L s i
- — = | —1
S poz4 — oo 4 5 005 _ ;

& FO0O g E‘ — o L
& = * 7] & B al E 7]
L 0 - . Iﬁ $ i i i i * ! ‘ t ‘ i *‘ L 0 Cr = e i M i l E E L i__
30 40 107 2107 100 2a0° 30 40 50 BO70  10° 2x10°
jit jist

P¥ [GeV] PR 1GeV]

Central region (|n| < 0.8), 60 < pr < 800 GeV < 2.5%
Forward region (3.6 < |n| < 4.5), pr > 20 GeV < 12%
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Jet energy calibration

" |n-situ techniques used to validate JES and its uncertainty
a0 Use well calibrated objects as reference for jet p,

2 Compare calibrated JES in data and Monte Carlo simulation

U 1.14 T T T T T T 11 T T T T LI
- - = 112 —
Techniques used in ATLAS: 5 4 q® Multijet ATLAS Preliminary |
w® | o Track-jet
@ Balance high pr jet with recoil 0 1.08—4 1y -jet direct balance —
system (Multi-jet / MJB) 1.06— v -jet MPF | -
1.04— ] _
@ ~-jet direct pr balance 1 0ol — +* A
| e
@ Missing-E7 projection fraction 1 — T
(MPF) 098—__ “‘H'- —
: , . 0.96— —
@ Compare calorimeter jets to track-jets 0.94 #’ a
@ Z — ee-jet pp balance (2011 only) 0.92—  JES uncertainty anti-k, A=0.6, EM+JES —
.Dg. ] ] ] N ] ] ] Lol
10° 10°
ATLAS goal for jet energy scale uncertainty: 1% PP [GeV]

Achieved with 2011 data in central region !!!
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Inclusive jet cross-section

Using 37 pb=! pb of data,

increasing the kinematic range of

previous measurements

| g Illlllllll.”l""l"lI.l"'.'l"!'l"”
% Inclusive jet cross section kinematic reach —
O 210° [ summer zmo.[t. dt=17 nb" |
o . [ Wirner 2011, | L dt= 37 pis?

z 10

— Kinematfic limit

g
—k
R

_Lg
S 2

[~]
[

anti-k, jats, A= 0.6

jet rapidity |y|

o Cross section out to |y| < 4.4

e pr up to 1.5 TeV

— 1 024

[pb/GeV]

% 1015
Q_|—1 012
10°
10°
10°

’
107
10°
10°

d®s/d

1021-—
1018—_

—I T T I T T 1T T T I T T TT —
F anti-k jets, R=0.4 ® |y|<03(x mlz A i
T O 03<|y|<0.8(x10%

_ 1 3
Itd‘-s?pb » V=7 TeV B 08<y|<1.2(x 105 —
F—e— O 1.2<|y|<21(x10%
il - A 21<|y|<28(x10% J
C - . A 282y <38(x10% -
= —e— +_._ Y 36<|y| <44 (x10% =
- o --q 7
= —£— —
. —— e =
= - gt * e —
ST - € o -»- —
— I ! +_.. —=— —
Feg — '.'_._ -e-_e_ =
= R —— B —
= ++ _E__E_ '.'_._ ==
P —h— T - _
= e —h— = - _
= B B Yg T3
- —— == _

—— —= - —

Systematic == == 3 =
uncertainties - =] B

NLO pQCD (CTEQ 6.6) x
Maon-part. corr.

ATLAS Prel|m|nar =

102

03

1
p, [GeV]

Comparison of data to NLO pQCD
predictions with CTEQ 6.6.
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Inclusive jet cross-section

§1,5;— yi-os ATLASPreliminary 4 [.osrp §1-5 -~ . 21<b-2e ATLASPreliminary 7 [ avsrper
B== q TV o — q WE-TTev
g 1T e i—.—._._:.ﬁﬁ T antik, jsts, =04 g 1 ___.__.__.__'h:tm 1 antid, jets, R-0.4
r . r == —-— ]
= oskE S| - §0_53 | i ERRS—
g 1.5 0.9< y|<0.8 — Sysematc = 1.5 2.8y <36 = reeriintes
K= :L i . NLO pOCD o 1 —__—"'_I=I= _: NLO pQED
= 1 B —— {MSTW 2008 « — M ] MSTW 2008}
A == oG e 5 ettt ]
'IDS:_ it 'Io.s;— = it T
1.5 DBy« 12 — = e 1‘5§+ s.e:u:|:a.4 I _; kit
e ] == 4 E
‘ :—Hﬂilssm_h - et ]
05t e dE = :
— - : I3 .
1~5E 12y < 2.1 ] 1 P:?GE'V]
1 L e -
- —H—*z——omﬁ .
0.5 -
o fGev) Powheg predictions are consistent with
data and NLOJet++, with present
Prediction w.r.t NLOJet++ MC uncertainties

Trend for Powheg to predict different

slope to cross section
AMBT 1., AUET1 are different detector tunes
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Inclusive jet cross-section

08=|¥<1.2 — METW 2008 — METW 2008

© 1-5:— pi<na ATLAS Preliminary t _[Lmﬂ?wn 0 1-5:— 21 < pl<2s ATLAS Preliminary E -[Lm:g?pbr'

© [ mEmmmm——— ] ve7Tev © { vErTev

8 1 T anlik jets, R=04 g T T antik, jets, R=0.4

- L 2 — L ]

Oosl @ sl e Oosb T S

. ' = 15 —

= 1'5: 0.3< ¥ < 0.8 : el = r . il

o u ST — . @] = ]

S H . T -+ 2 1B =

'Ei 1 *= . L MO POCD = - - HOpaCcDs

E Ty Nam-pert. carr. m n - Mon-parl. com.
{}.5 CTEQG.E : . CTEQES
15 — =

1 :— == MMWPDF21 == NMPDF 21
E siaiHERAPDF1E o % HERAPDF 1.5
05 .
1.5F - 10° 10°
B p_l_[Ge‘u‘]
1h =
05F -

p: ?é eV]

Ratio of inclusive jet cross section measurement in data and MC, with various
PDF's
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Dijet cross-section

R=04

8 E " hi<aa imi I Lde= '
= 13;;—| T T T T T T T T T T {;B — g._ 155 ! ATLAS Preliminary » J_d'?:;""
| — - —— 21z <28 <100 S e A
%_ — Systemaicuncenainties o J2<pl <21 (<107 ¥ f:::——-—EE:_.:_‘—t:mitmli s, . =08
10" NLO pQCD (CTEG 6.6) —&— 08=[4 <12 (<10h— s F Y 3
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106 i —— ﬂﬂﬂ' “"‘l =] E § 1'5:_ 08 Ao =12 = "‘mﬂunu
1or .. SO § B .
= ‘. ol | T D E s e s s bt totest *
P 2t dets, =0 See, i - T % **é
107 F Vs=7TeV, ILdl=3? po™ o, [ 3 2 0.5 .
q z . . ..'.- E = 2 [ A % [ 1 2 .
~ ATLAS Preliminary ’T - sz [TeV]
| ol 1 1 I B B 1 1 L] 8 25F 12 op_ <21 T —-
1 - g E - [
10" 2«10 1 2 3 45 2 oF B
2 155 =
M, [TeV] === S:
= = -
R = . -H
. 30" 410" 1 2 3
Observing masses up to 4.1 TeV, new energy ez (TeV]
range! 8 E s
3 : . g ‘B -
Powheg systematically predicts higher cross : £ ==——;t=,=:t¢ ; % 3 #
: * - :.— :‘1:
sections at low mass, and lower prediction at s E_L L . . .
G0 1 2 3 4
i [Tel]

high mass, than NLOJet++
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ATLAS high mass dijet event

2011 data event with dijet mass of 4040 GeV

PERIMENT
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Multi jet cross-section

Ratio o(3-jet)/c(2-jet) much
" Fundamental and direct smaller uncertalntles
test of QCD ot

T

o
-
L] [l . "‘B
= Main systematics: JES and sos
P === .
o : ”n 5 E i " _ R
close-by jets” effect L03 reos, [ Lanzps
B o2 T -Dma £3=7 TeV)esyst
= 0.1 ]
210° ' ATLAS 1 g 156
O N -
10°F 1 S
F 3 2 05 I L
10%F = = 400 200 300 400 500 BC'O 700 800
E 3 P, (leading jet) [GeV]
1 03 3 H=o.4._[ Ldi=2.4 pt’ E
o —e— Data 57 Tev)ssyst 5 % 0.5F
10 E e ALPGEN+HERWIG AUET1:1.11 PR f‘\_‘.;_ F
F - PYTHIA AMET1:0.65 7 - 0.4F
10— — ALPGEN:PYTHIA MCOD'1.22 = B C
E 15? ---f— SHERPAp1.08 | | | 3 %03:_
3} A L ]
o 4 e N o of  em= Ft=0.a._[Ldt=2.4pb"_-
O e P g —_ ]
=05 Ly e ] af ==7 TeVi+s ]
0.5 é é ‘It é é 30_1__ -Dtalf\ 7 TeV) ys‘t_
Inclusive Jet Multiplicity . .
©
S 1
= -
. . @ ppil.. R R T B
Find ALPGEN better describes data 2 05500400 600 800 1000, 1200

2 [GeV]

Elzbieta Richter-Was Lectures on LHC physics 28




Studies of higher order QCD radiation

" Azimuthal decorrelations in dijet
events and distribution of energy
within jets sensitive to QCD
radiation structures

2 Probing higher order QCD
radiation

9 Main systematics: cluster energy
scale (separate from JES) and
unfolding
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Azimuthal decorrelations

e Complementary to multi-jet ® Requiring additional jets flattens
Cross section measurement. distribution.

. . . 5

® Pure di-jets have azimutal angle @ 2 10°E T
) o - ATLASPreliminary 3
® between jets equal to TT. o Vs=rTev §
. f o gl 4| anti-k, jets R=0.6 |
® With additional hard radiation, 5 10°E peotoo Gev 1yi1<2s -
i.e. extra jets, phi becomes @ [ Leading two jets: 1y*1<0.8 .
’ O [ pm=>110 GeV ;*I*L;
smaller. E 3 L Dhta [Lat=36 po” -
o E o =2jels * 3
- e =3jets —Oo— ]
- O =4jets =—w—— _
2__ m =5 iets ﬁ
10°E _ Byinia E
i —+— ]
10F _4+_| ¥ ﬂ-,—?_-_k_%
1_ | 1 I 1 I 1 ]
/2 21/3 5n/6 T

A [radians]'
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Jet substructure

@ .Jets are both complete 4-vectors and complex composite
objects.

@ At LHC energy decays of top, W, etc decays can be
collimated into one jet

@ Knowledge of the internal jet substructure is important in
distinguishing these decays from gluon or quark initiated
jets

@ Internal structure of energetic jets is mainly dictated by
emission of multiple gluons from primary parton

e Calculable in pQCD

Differential jet shape

1 1 pr(r— Ar/2,r+ Ar/2)
) = — — iets T2 < vl R — Nri2
,O(f) Ny j\rjet jet pT(O, R) f/ == ’/
Integral jet shape
1 pr(0,r
o) = L5, 20 o p

iNjet jetPT(Oa R)

(1)

(2)
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Jet substructure

= | ATLAS ey Differential jet shapes vs jet pr,
[ g T i .
B lyI<2s @ ] integrated over |y| < 2.8

e As expected, jet narrows with
increasing pr

PYTHIA-Perugia2010
————— HERWIG++

ALPGEN i e Data compared to various MC
-~ PYTHIA-MC09 E o
i : : : | | - predictions
; A e 7 o PYTHIA-Perugia2010
o PYTHIA-MC09
o Herwig++
= 10— T r— T 1 T [T T T T .
z B . Datajldt_0.7nb"-3pb 3 o Alpgen (with
B PYTHIA-Perugia2010 . . :
I HERWIG++ (@) Herwig+Jimmy)
——e e ALPGEN
e . PYTHIA.MCOS < @ General agreement, although
- ATLAS . Herwig++ predicts jets too
L anti-k jets R=0.6 |
o 260 GeV < p, < 310 GeV R . Inarrow
E |¥|¢2l.8 | | | | 3
o 12F ' ]
£ 1
g O-B ) ) ) ) ) 1 —
0 5] 0.2 0.3 0.4 0.5 0.6
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Jet substructure

Jet substructure studies have matured well beyond comparisons
of quark- and gluon-initiated jets in event generators:

’f;';‘ D_ 3 _ T T [ T T T T [ T T T ]
o - anti-k, jets R = 0.6 Z
I — —
e~ 02571 Iyl<28 , patafLdt=07nb"-3pb"
o o 2:_ PYTHIA-Perugia2010 B
C + s Prugia2010 (di-jet) ]
o 15:_ gluon-initiated jets B
B e S Perugia2010 (di-jet) -
01— # quark-initiated jets .
| — # ‘ ""'......-.....-..-........._"" N —
0.05 T T ———— ¢
- ATLAS T T T
B 1 1 1 | | 1 1 1 | | 1 1 1 | | 1 1 1 1 | 1 1 | 1 | 1 1 | 1 B

OD 100 200 300 400 500 600

P, (GeV)
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b-jet cross-section

b-jet tagger “SV0O”
@ Iterative secondary vertex seeding
from track pairs

b-tagging efficiency

@ separation power from decay
length significance

Also tag b-jets with muon decay

@ Determine the relative distance
between jet axis and muon

e Fit templates for b-jet contribution

tracks from
b decays

0.8¢
0.6}
0.4

0.2

—a— ——00= | < 0.3

0.8F
0.6
0.4

0.2

S S I g

a_n} —= 03yl <08
Fovva v bova v by brvra b b e o |

0.8
0.6
0.4F

0.2

0.8
0.6F
0.4F

1

e
et —— 08y =12
-||||||||||||||||| ||||||||||||| ||||||||||

ATLAS Preliminary

1 I
i+ 1 '{' T
——
12| <21

0.2

0 S0 100 150 200 250 300 350 400

tp; [GeV]
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b-jet cross-section

> 10'3E ATLAS Preliminary —s— Data 2010

% 1012E\s=7Tev, |Ldt=34pp - Pythia MC10 (x0.67)
= 1011 _______________ - MC@NLO +Herwig
%L 101 R POWHEG +Pythia

1? —=— 0.3 <|y| < 0.8 (x10%) =
10" —— 0.8 <|y| < 1.2 (x10%) = 2
102'—-—12<|y|<2|1 o | +
20 30 40 100 200 300
JetpT[GeV]

e Good agreement with Powheg+P Y THIA

o MC@NLO+Herwig predicts too few
central jets, too many forward jets

Data / MC

Data / MC
b

i

5

=

2
1
2
1
2
1
2
1

_AI'U_.I\J_A m_..l'o
TTTTTI o TTT [T

[ —=— Venexshaged I ATLAS P'Elimil‘lal’]‘ .
[ — muon-based VE=7TeV, [Lat-34p7! ]
- == POWHEG + Pythia .
U S —Lr-‘l* 5
=t rrt ""I"t ==
Fe—M<0d C T
F e v—i— I ooz i
f—— A S
:_—.—C\.S-:Mcﬂ.ﬁ 3
E I PN IR S
T h—!l—l T T I'—!“f ES B
Fog<pf<1z T3
F ] F 1 M 1 7
E, NS B AL fa alfa =E
E-t1z2<p]<2i =
F ry —— I PR, Js
E * T R e~ B
20 30 40 100 200 300
.JetpTlGe\r'l

._ —— ‘-l'artﬂx hasﬂd

[ —— Muorbased

- % MCENLO +Herwig

TLAS Prelm'l ary
4 L

. I\s =7TeV, [Ldt 34ub-*

§+M€0-3 ! EI ‘—i—‘,_‘_.—*—‘_}_;—fq_i_‘
E —n—DE 1,2 I

__I—"—Lé-:MI-cE o I

. N | il
20 30 40 100 200 300

Jet P, [GeWv]
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Inclusive bb-jet cross-section

o PYTHIA MC10 and Powheg show
good agreement

< LA BN
ATLAS Prellmlr‘la —— Data 2010 T @
& 10°F, v Pythia MC10 (x0.85) o MCQNLO does not model the
Ie) - . . .
S 102 POWHEG+ Pythia data, especially at high dijet mass
= . MC@NLO+Herwig '
B 10t
R[ﬂ ; o B NN LA ELELEL B LA LA B
_g 1E -—-i;—- — X E E - ATLAS Preliminary %E
X S— = [ —— Data 2010 ,4_,+
10-1 ""4"'@@@3 B | —-= Pythia MC10 b%:l _
| Lyl :}9 E 222 POWHEG +Pythia &%=1 3
O 1 I T TR S5 [ 5 Mo@NLO-Hemig
= e ST oI aed g I
~ 3 AT [} e ——— 3
s 0. = g :
T 1 - i VS=7TeV, |Ldt-3app
a - . —————————.
1.5 E
= 5 it
8 O g
a 151" NN
0'5%}:::I:::Ig:::l:::I:E:I{::I:[:i:lT :
1l51§-.. —l—£—|l 1 13
3 ;i , Tt
mH[GeV] LR S A T N I W -
16 1.8 2 22 24 26 28 3

Ad [rad]
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Why measure prompt photons?

g - q q - Y
probe the gluon QCD backgrounds
¢ content of the to new physics 7Y
proton test
- _ -
: " NLOpQCD ° ’
T . g gl
. »  predictions using = \Q—=—
A a measurement 1 A
without jets
g ~ QOQQQAVOWY 4 g \QQQQQQ/—— "~

resummation
icati g ol
g \QQ_QQ_QQJ_?_%VW ¥ kT factorisation \w’—?—@xf\m

fragmentation important at low Eq, Ao
suppressed by isolation cut. MCs rely on
fragmentation function to compute

— > \QQQOQ0O0V0V0QQQ,
q aq e e W W W W W W W W W
q Y
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Prompt and isolated photons

“ Prompt: ! 200000000 ————" ]

0 Direct from the hard ¥ 7y
scattering

2 Parton fragmentation more
important at low E,

" |solated:

0 |solation criteria to reduce
bgd from QCD jets

= Photons from neutral

meson decay in jets
2 Reduced fragmentation 5 -
component: Y gl

= ~30% reduction at 15 GeV
" <10% above 35 GeV
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Measuring photons with ATLAS

Cells in Layer 3
rR =1082 mm Afan = 0.0245%0.05

R =122.5 mm
Pixels { R = 88.5 mm
R =50.5 mm

~FMim ; o
e 1
—— .37 mia-
]
Strip cells in Layer 1
= T=—cCells in PS

R=0mm S Abxan = 0.025%0.1
n
® Inner detector ® Pb-LAr EM calorimeter
v~ track charged particles v n/@/longitudinal segmentation
¥v" measure transition radiation v~ fine granularity in I3t layer up to N<2.37
v ely discrimination v’ Y energy and direction
ke v Y conversion reconstruction v y/T10 separation (EM shower moments)
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$3 (“Back’)

S3 (“Middle”)

SI (“Strips”)

Presampler

loose and tight
selection

optimised separately
for unconverted and
converted photons

Elzbieta Richter-Was

Y candidate

"R RARR LR AR AR RS RS LS LR L
E ATLAS Preliminary

[ Unconverted photons

E N5=7TeV. del: 158 nb"

10° o Data 2010

F @ Simulation (ally candidates)
L- [ Simulation (prompt «)

Entries/0.025
am

Lectures on LHC physics

Entries/0.025

T candidate

1 1 I I
4 |- ATLAS Preliminary
E \s=7TeV, _rLdt =158 b’
L ni<0.6

| ® Data 2010
I [ Simulation (all y candidates)

[J simulation (prampt )

0

1 1 L L L I ] 1
01 02 03 04 05 06 07 08 09 1

ratio
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Photon isolation

¢ 1
A 2_)
> [ T.1
A N - AL I I I I
) g 10 ATLAS E
\ / 3 Ns=7TeV, f Ldt = 880 b’ ]
s P :
= - € ¢ Data 2010 3
n I 3 Simulation (fake y) .
— A A ’ (3 Simulation (isolated prompt
AR Aot an <4 10 [ Simulation Ennn-isu prompt «;r))?
= Define isolated photon -
comparable to theory 10* E
® |solation corrected L i
event-by-event for 10°
leakage, pile-up,
underlying event. 108, /77777
Average 450-550 MeV 5 0 5 10 15 20 25 30 35

Isolation [GeV]
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Photon identification efficiency

> I R B L B R e = T g T T BARE
£ 09 - - 0.8
L] - . ] g . ————
085~  ° = 0.7E L -
08 ;_ o ®  Simulation \s = 7 TeV _; 0.6° _._"“ =
0 755 [ | Systematic uncertainty 3 0 5—-—++ E
07 ° Unconverted y E 0.4F ATLAS E
0.65 = m'l<0.6 E 035 =
6 6§ . E5° <3 GeV ] 0.2 = ® Simulation\s=7TeV 3
0 5-5 g_ ATLAS _g 0.1 é_ Systematic uncertainty _§
; b v b v v b v v b b bvn by ; :I T A |:
0.5 50 740 60 80 100 120 140 160 180 200 %20 40 60 80 100 120 140 160 180 500

E! [GeV] My [GeV]

" From MC, corrected for Data/MC discrepancies
= Separately for converted and non-converted y

= Combined in yyspectrum according to yy E spectrum
and conversion composition
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Inclusive cross-section

00l
Ew? L
“ Measured in 4 210°L. e Jram=ser .
r i it r n [ E t -------- luminosity uncertainty
ap d y ranges %1025 E JETPHOX CTEQ 6.6
* Here example for s | = Franaote
10= e e Dam201ﬂdet=ﬂ.Bpr'1_§
central barrel ; - ;
s .. ATLAS i
10'% hl<0.6 —
;;0_2?7::|H::|HH||HIIHHIHHIHHIIHF
14 —.
12 N -5
3 , e ——————
-un-sgllI|IIII|IIII|IIII|IIII|IIII|IIII|IIII_;
50 100 150 200 250 300 350 400
E; [GeV]
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Diphoton cross-section

" Background estimated with two methods:

2 ABCD method: extrapolate from the bgd enriched
control regions

9 here shown example of 2D template fit

- T I T T T T | T T T T | T T T T —]
T | T T T T | T T T T | T T T T : : AHAS :
= > _ ]
> 900 ATLAS @ T00E Datazmm.'izﬂevjl.dt:a?pb" E
w Dﬂ[ﬂm"ﬂ,VE:TTB‘“I Ldt =37 Pb- E — E EY[ 18 Gel‘..r 1 E
~ &0 El> 16 GeV 2 @ 600F > =
£ 700 Y i 8§ _F 4T 7 E
3 e00E | t Y] ER S . ;
s |\ W"‘” 3 400 :_ T L. _:
— YY+YIHYH ] ; — YYHYHITH g
400 = 3000 =
300 (leading photon) —; p 003— (sub-leading photon) _f
200 = Y E N ’
100 = 100 | E

u-ﬁ L1 D L1 o1 5l bl | 1 0 Ll 1 5 ED 25 0-5 0 5'*- [N Y eh 1 1 5 20 5 25
ET; [GeV] EX [GeV]
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ABCD method

L'L" sample, leading candidate MA
m Control region A A B
'§ C D NS]g — N _ N _B
: : M
| = o N® M*
'§ A B P — 1 -
NA MB
o "6 15 20 25 80 35
Er:[GeV]
S = Signal purity > 90% for
o e e e E>50 GeV
% c D = Main systematic
% uncertainties:
0 | s—— 3 MC inputs (corrections to
5| A B’ isolation definition)
2 Bgd control region
-5 0 5 10 15 20 25 230 35 e
EX®[GeV] definition
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Isolated di-photon cross-section

- T T T T T T L L B L

" Measured with 2010 data (35pb- 8 [ Data2010,\s=7TeV, | Ldt=37 pb’ W
. . Ko - . a

1) production cross-section for & ﬁl:ff:xiﬂT_;fﬁ;ﬂ;o'd g
isolated photons and isolated di- g "F +measured (sta 4 E
(9] - -+ measured (stat @ syst) -
photons ° [ - DIPHOX \ i

- NS
2 |solation energy corrected event- [ Reshos 4 |
by-even.t for pileup and UE 1 |
2 Data driven background - ] -
subtraction - i S )
. . R N |
= Results in good agreement with e N
. . 2F

TH pQCD predictions, some = F }— | DIPHOX:
d Iffe rences Obse rved E 0%\\\\\\\\\ T D A A M S :
3 AE E
0 Inclusive production at low ET o B , —
(fragmentation, k. factorisation) = | ResBos ;
= of ” AT
0 Azimuth separation for diphoton 4 33 :
production (resummation) B os 1 1s 2 25 % pad
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Isolated di-photon cross-section

"T'_' LI I LI T TT | LI | LI | LI I LI | T 1T LI | LI | T T I_ 1|T_| T T I LI LI | T T T | T 17T | LI I LI | T TT T T T | LI | T T IE
E - Data 2010,\'s=7 TeV, f Ldt=37 pb" E ig: Data 2010,\'s=7 TeV, f Ldt=37 pb”
2 B é‘ 16 GeV, E. *" < 4 GeV, AR">0.4 1 =2 -+ pl>16 GeV, E-"""" < 4 GeV, AR™>0.4 .
= - @ % In*|<2.37 excluding 1.37<nf"|<1.52 N I_.E 1= % [n’|<2.37 excluding 1.37<n’|<1.52 =
_g - ' 72 -+ measured (stat) o~ R & -+ measured (stat) -
“_8- 1 = ) -+ measured (stat @ syst) - E B ’% -+ measured (stat @ syst) |
= < DIPHOX . e - s DIPHOX ]
= ﬁ +# ResBos — = =+ ResBos =
- . C — .
| 102 = =
107 N = = =
= = - ]
_7/%2 1 L _
v i al B
- ATLAS %% - 107 = ATLAS =
111 I 111 | 111 111 11 1 111 I 111 | 1 I\ 1 11 } 11 1 111 :I 11 I 111 | 111 | 111 111 111 I 11 111 | 11 | 11 1 | 11 I:
o) 1E E ) C
S ost { DIPHOX; £  2p DIPHOX
3 o;\\ \%\ﬁiﬁw\\\\\ \; N \\m E z okt by m—+==— SR, A
ﬂ '0'5;_ _; i _2:_ _:
-:ll = 3 r 1
Q T T E (&) T
2 ot _+_ ResBos : e ResBos
= o /A TN /+/'/‘ 3 = I s s TRV i i i s
Lﬁi -05F ++  —4— E E S — ;
_10_ 2I0 4IO BIO SIO 1 60 1 éO 1 JIIO 1 éO 1 SIC' 260 2_20 0 2Il.'.| 40 BIO BIO 1 UI'O 12I0 ‘|4er 1 BIO 18IO 200 220
m,, [GeV] P, [GeV]
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sSummary

" The LHC era allowed us to verify QCD in new kinematic
regimes, good testing ground for predictions

" Current understanding of detectors allows to do
precision QCD measurements.

" Already now data allows to discriminate between
different MC predictions (theoretical models)
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Next topics

» 7.11 - W, Z bosons: inclus. cross-sections,
W/Z+jets

» 14.11 - W, Z bosons:precise measurements
» 21.11 - Top: xsection, mass

» 28.11 - Dibosons and anomalous couplings
> 5.12, 12.12 - Higgs

» 19.12 - SUSY

» 9.1 - other searches for New Physics

» 16.1 - B-physics programme

» 23.1 - heavy ion programme
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ATLAS DeteCtor THE ATLAS DETECTOR IS

REALLY BIG!

@ Length : ~ 46 m

-In @ Radius: ~ 12 m
) @ Weight : ~ 7000 tons
’ t{' @ ~ 10® electronic
Ly, ¢ N - channels
= et QY C @ 3000 km of cables
AN T ©  (Jura)
(Geneva) | P
: .A{ Py
Transverse momentum
(in the plane perpendicular to the beam) Rapidity:  77=-log (tg %
P =P sin® 6=90° — N =0

0=10° — n=24
0=170° - n=-24
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ATLAS Inner Detector

The mner detector

| < 2.5 consists of

62m : _
gt P N o Pixel detectors, semi-conductor
. R — tracker (SCT), transition radiation
[ o e aSN\Y tracker

o ~ 87 mullion readout channels
o Immersed in 27T solenoidal
magnetic field

| Barel transition radiation tracker

g o Resolution of
End-cap transition radiation frackers B
- End-cap semiconducfor frocker (T/pT = 5 X ]-O ! @ 0'015
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ATLAS Calorimeters

Electromagnetic
Calorimeters:

Tile extended barmrel

Tile barmrel

e Fine granularity

3 Ay x Ad =
S o 0.025 x 0.025 in
ur elecromognate ~ A T 2 central region

e Energy resolution
10%/VE

s secromagnenc " Hadronic Calorimeters:

e Granularity
An x A¢=10.1x0.1
in central region. less
segmented in forward
region

Electromagnetic and hadronic calorimeters
@ Subsystem technology and granularity <

shower characteristics

e Transverse and longitudinal sampling ~
200000 readout cells up to |n| < 4.9 50%/V'E & 0.03

e Energy resolution
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