Lecture 4

Physics Program

of the experiments at

Large H adron C ollider

" Hard QCD

0 More on structure
functions from HERA

0 Constraints from
recent ATLAS results
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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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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
0 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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Altarelli-Parisi splitting functions
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Deep Inelastic Scattering

oi; i
5 [
¥ =
T [ [mm
° 10t =
10 3L
< -
P C
, 10 22
P :
10 ;—
Momentum transfer :
Q2?2 = -q? = —(k—k')? 1 e
Momentum fraction carried by struck _lf
parton : 10 L
X=Q2pq) 0 10° 0 100 107 w0 1
Inelasticity : HERA overlaps with fixed-target, Tevatron and .
y=(q-p)/(kp) LHC experiments 4
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The HERA collider

Integrated Luminosity (pb")ﬂ
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« During 1992-2007, mainly E, = 27.5 GeV, E, = 920 GeV giving Vs ~ 320 GeV: and
dedicated data at different proton energies.
» Colliding-beam experiments collected combined sample ~ 1 fb-".

» About 75% data taken with polarised (~ 30%) lepton beams, with equal amounts of e~
and e* and positive and negative polarisation.
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DIS events in H1 and ZEUS

Charge current :

- Missing p; from escaped neutrino

* Hadronic jet

« Reconstruction not as precise,
larger backgrounds

238837 Event 8595 Class: 4 5 6 7 11 19 25 26 28 run date 290399

9 Q2=41067 x=0.77 y=0.53

Neutral current :

» High energy isolated electron
- Back-to-back with hadronic jet

« Kinematics can be reconstructed in
several ways, clean samples

Elzbieta Richter-Was Lectures on LHC physics 7




Neutral and charged DIS processes

e* (k) e*(k) e* (k) v (k)

P(p) X(p")

P(p) X(p')

2 _etp 2 2
d<o _ GF MW Heip

dzo'eip 2?1'(-12 2
[Y_|_F2 FY_xl3—y FL] d:L'dQQ 27 Qz + M]?VO-

dzdQ2 ~ zQ*

F» ~ sum of ¢ and § densities 3€+p N (-& 44 (1- -y)z(d. + 3))
x I3 ~ density of valence quarks; from

Z exchange 5¢ P (u +c+ (1 —y)23(d+ g))
I’y ~ gluon density Sensitive to individual quark flavours
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Structure functions

dos, 2o 1 . ..
ﬁ = { > } |Y.F, #Y.xF, - y'F, |
g * 7 Y, =1£(1-y)
do.i GJ ﬁ”f_j B -+ ag g P
e o F — [Y+ W FY xWS —y° L—]
dxdQ- 4mrx | My+0° i

F, o< Z(xq,- +xq;) Dominant contribution The NC reduced cross section defined as:
st Q’x 1 d’c”
N 2ar’ Y, dedO?

xF3 o Z(Xq,. - xq—,) Only sensitive at high Q2 — Mz2
~+ ad _ ~
Oyve ~ F, F—xF,

Y+

Only sensitive at low Q? and high y
The CC reduced cross section defined as:

Fy o< oy - xg(x,07)
. 2:—:.:;[;14;, +0 } do=.

similarly for pure weak CC analogues: ot
cC ~2 2 . 2
W=, xWS and W/ Gy My, dxdQ
do? 1 . N S
Ot Ly ey v -]
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Inclusive DIS data and HERAPDF fit
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H1 and ZEUS
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LopoEE——— e eee-sessseseetete o  x=005i=6
OOEEE—tE— ¢ S0 208 S0 S80S 00—

ODoETORNTETLS — seseevelees o o
m—iﬂlﬂ—w

x=0.18,i=3
- lﬁ x=0.25,i=2
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Impressive results for
inclusive HERA | DIS data.
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H1l and ZEUS

Neutral current event selection:

Charged current event selection:

High Pr isolated scattered lepton Large missing transverse momentum (neutrino)
Suppress huge photo-production background by

imposing longitudinal energy-momentum Suppress huge photo-production background
conservation Topological finders to remove cosmic muons
Kinematics may be reconstructed in many ways: Kinematics reconstructed from hadrons

energy/angle of hadrons & scattered lepton Final selection: ~103 events per sample
provides excellent tools for sys cross checks

Removal of scattered lepton provides a

high stats “pseudo-charged current sample”

Excellent tool to cross check CC analysis

Final selection: —~10° events per sample at high Q?
~107 events for 10 < Q2 < 100 GeV?
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XF3
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IH 1 (Ijollla I::I-orlallicl-n

[a—

1 T T T T T T T T I T
xF‘TZ = .

ZEUS S Transformed to Q2 = 1500 GeV? -
= - ZEUS NCop (305.4pb). G*=1500 GeV* 0.8~ o HI ]
=  — SM (HERAPDF1.5) B i
= --—-—-SM(ZEUSJETS) L — HIPDF 2012 _
= . SM(CTEQ6M) 0.61— ]
= - SM(MSTW2008) - |
= } " . ]
= 0.2 A
E_ ____________________________________________________________________ 0_2 .
=1 ] ] oo | ] 100

10" 1 X

X
. 2 - (1] -~ Y —~ -~ vz
At high Q? xF; arises due to Z° effects xF,.=—(6,_,. —0C. ) = ay xE7
. . N 3 NC NC ez 3
enhanced e cross section wrt e 2Y
Difference is xF3
Sensitive to valence PDFs ~ ) —
xFy o< D (xq, — xq;)
H1 measure integral of xF3¥Z - validate sumrule: ] )
0.795 NLO integral predicted to
] dr F77 (r, Q% = 1500 GeV?) = 1.22 + 0.09(stat) = 0.07(syst) be 5/3 + O(xs/TT) = 1.16
0.016
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NC cross sections at high y

H1 Collaboration

—_ 1-8 T T I I T T T |
GNC | . .
B o HINCep | Measurement extension to high y
1.6— = HINCep | athighQ?
T o 4 HIPDF2012,ep 1 gensitive to F, and Xg
14__ = HIPDF2012,e"p |
L | Difficult measurement:
- 4 - low scattered electron energy E>5 GeV
12 B 1 - large photoproduction background
1 1=
- 1<
L .
L 4
0'8 1 1 | 1 1 1 1 | :
107 107
,
Q* [GeV7]
Total uncertainty reduced by factor 2:
HERA-I 4%
HERA-II 2%
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High ©Q? CC cross-section

Electron scattering Positron scattering
2

2 2+ 2 2
[(zr+ )+ (1—v)*(d + §)] d0cc_ Cr ;WW [(174— c)+(1— }:)2(0' 0 5)]

do,. G.[ M, _
dxdQ® 2w\ M, +Q’

cc

dxdQ*  2m| M2+

_________HI Collaboration s H1 Collaboration
ol ir QEI:S(K}GB\:’Z T QZI: 1111301313'\."2 7] ol F . Q* = 1000 Gev?
o sk
2r + . ;
I
- :‘.!‘Tff:::_%\_ 9_55-
SE s ol
06k
1f + . " =
04f +
Ty T N i
05¢ H‘t&(“ \_ 02k '\‘g
0 : : " : Y 0 o e — B ' =
1+ F=15000Gev? T  QF=30000GeV? | [ ©=3000GeV? [ Q*=15000GeV?: 10 1ot
L - X
s HICCep,P =0 0zr T 1 = HICCep.P =0
— HIPDF 2012 = i - [ — HIPDF 2012 °
0.51 § - x(usc) 1+ ik ?ﬁ T - (-y)Pxides)
\- s é T \i [
0 1 1l L nnl L |X 1 annl Ll 1 |x§ 0_| 1l Ll L ||\_| 1l Lol |§k
i 107 107 10! 10 1ot 10* 10!
X X X X
H1 combination of high Q2 CC data (HERA-I+I) CC e+ data provide strong d, constraint at high x
Improvement of total uncertainty Precision limited by statistics: typically 5-10%
Dominated by statistical errors HERA-I precision of 10-15% for etp
Provide important flavour decomposition information Large gain to come after combination with ZEUS
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H1PDF 2012

New PDF fit performed: can be thought of as a ‘stepping-stone’ towards HERAPDF2.0

'
$g($) — AQIBQ (]_ — CC)CQ — A;IBF(]_ — ;17)25 . Parameter Central Value Lower Limit Upper Limit
o " Buy1 _ nCu 9 e 0.31 0.23 0.38
:Buu(x) - Auu‘r L (1 ‘r) Y (1 + Eﬂu‘r ) ) m. (GeV) 14 1.35 (for Q% = 1.8GeV) 1.65
xd, (m) _ Adl.éIBd” (1 _ x)cdv -. mp (GeV) 4.75 43 5.0
B o ) QL (GeVE) 3.5 2.5 5.0
2U(x) = AT (1 —2) 7, Q3 (GeV?) 1.9 L5 (f, = 0.20) 2.5 (m. = 1.6, f, — 0.39)

| 3 parameter fit: additional flexibility given to uy and dy compared to HIPDF2009 / HERAPDFI.0

Apply momentum/counting sum rules: Parameter constraints:
= Bobar

j - ( I, +xU +xD +xg) =1 o2 (Ubar +Dbar) 07> 35 GeV?

dx-(xu, +xd, + xU +xD+xg)= sea = 2 X ar +Dbar »

o Ubar = Dbar at x=0 2_)( 107 <x< 0'65_;
r r f. = sbar/Dbar Fits performed using RT-VFNS
de u, =2 J
0

00’ = 1.9 GeV? (below 1)

dx-d =1

v

0

Experimental uncertainties produced using RMS spread of 400 replica fits
Parameterisation uncertainty determined from envelope of 14 parameter fit & Qq? variations
Error band is applied to central value fit = asymmetric errors since mean of replicas # central fit

52

2 2 —
éi,uncﬂ?’t' + z,stat-uiﬂ'?’i

RIS CE (D)

2 > In
';_.1_1r1v::':rni2 + 51'2_.stat.l”'i'm'i (]- - ZJ F}'; bj) J i

modified % definition includes In term to account for likelihood transition to ¥~ after error scaling

2 2 2 2
53' ,unc-""f‘i + 51' _.st-a.t.l""‘i
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H1PDF 2012

H1 Collaboration H1 Collaboration

QO-S | T IIIIIII| -’I IIIIIII-I‘ T IIIIIII| T T T TTIT Q —i T IIIIIII| T T T TTITIT T IIIIIIII T T TTITH
5, = @ =10 GeV? 1 X

S L — HIPDF 2012 4 S

(o B expenmental uncertainty "

+ model uncenainty 7

I + parametrisation unc.
--—- T =0.5 fit

Q*=10GeV?

1 E—mnipoF2012

F Il experimental uncertainty
L + model uncernainty

- I + parametrisation unc.

X Zx 0.05)
&

0.4

1ot
B2

0 === ' =\ 107
104 i 1072 10!

%2 /ndf = 1570/1461 = 1.07

Fit with unsuppressed strange sea (f;=0.5) is well within error bands
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Electroweal unification

H1 Collaboration

'f.'\'l_| I ] I I | L I I I ] I | I I I I
-
]
A Hle pNC
< 10 p
=
= ¥ HIle'p NC
f,:.':, mm— Sh e p NC (HIPDF 2012)
:g m— SM c*p NC (H1PDF 2012)
=
1077 g
Ao HIlepCC =
* HI e'p CC =
ws SM e p CC (HIPDF 2012) ]
-5
10 m SM e*p CC (H1PDF 2012) =
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10° 104
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Parity violation in CC

"E' 1 20 | | | | | 1 | | I | II_I 1 |C(JI 11'a-]:’(j‘ll-a.ti::)rl
& —
EDH : e p—=>vX .
100 — ] :
': ii Egii :1 1 = Chiral structure of EW
i i interactions probed
80— FRFTAS -« SM CC:
- O HI HERA I =
i e HI HERA II i s il (Pe) = (lipg)ﬁmi (0)
Un 4 ° Agrees with theory
i == H1PDF 2012 | Rules out WR< 200 GeV
40— m Linear Fit =)
20— =
B Q? > 400 GeV? i I
<
0.9
B | Y| ) | 2 E
1 | | | 1 1 [ | | | | 1 | 1 | 1
Y00 -50 0 50 00 ¢
P, [%]
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Parity violation in NC

2 ﬂz']-"JE B . - Pﬂ:
NC polarisation asymmetry A% = o=(Fp) — o= (Fg)

~ PE_PE o*(PE) +o%(PE)

H1 Collaboration

AF ' ]
L o A* (e'p) |
05~  —— HIPDF2012 ¢ —
B R 5
_ A I o ST ‘?%7 :
05 ©° A P i
T e HI1PDF 2012 |
[ 18
-1 . I W . ey ey T
10’ 10*
Q* [GeV]
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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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Anatomy of global PDF fit

A starting scale of Qo? = 1.9 GeV2 1s used, parton distributions, as with the recent (fixed strange) fit to
EW data are parameterised as

Aﬂv EBB“L' (1 — .’E)C“v (1 + Eﬂv 592)
Ag,xB4 (1 — )%
AgaBo(1— )%
ApxBo (1 —2)%0
AgzPs(1—2)% — A 2Bs(1 - 2)%%
where D = d 1+ 5, A,,,Aq, and A, are fixed by sum rules, C; = 25 and the A and B parameters
are the common for the  and d sea quarks to ensure 2% = zd as © — 0
The strong coupling, a,(Mz) = 0.1176
The Roberts-Thorne variable flavour number scheme 1s with charm mass 1s set to 1.4 GeV, and the
bottom mass 1s 4.75 GeV

Uncertainties estimated using the Hessian method
Uncertainties from experimental uncertainties considered only - no model uncertainties
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xf(x,Q?)

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

1.2

Q% =10 GeV?

o~

xf(x,Q

i i i I i i i I i i i l Il i i I i i i l i i i

0.8
0.6
0.4

0.2

L | |||||I'F
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Symmary on HERA results

e H1 / ZEUS completed their final SF measurements

* New HERA-Il data provide tighter constraints at
high x / Q?

® These data provide some of the most stringent
constraints on PDFs

e Stress-test of QCD over 4 orders of mag. in Q?
e DGLAP evolution works very well

e HERA data provide a self-consistent data set for
complete flavour decomposition of the proton

e New combination of HERA data underway
e Combination = HERAPDF2.0 QCD fit

Elzbieta Richter-Was Lectures on LHC physics
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Kinematics at LHC

Log(Q?) [GeV?]
N W A OO N ® ©

o o

!
Z

=
=
[1¥]
<

(Y] 4
X2~ 7TV
Q=M

LHC: largest mass states at large x
For central production x=x/=x,
M=x/s
ie. M> [ TeV probes x>0.1
Searches for high mass states require precision
knowledge at high x
Z" | quantum gravity / susy searches...
DGLAP evolution allows predictions to be made

High x predictions rely on
* data (DIS / fixed target)

o sum rules

* behaviour of PDFs as x— |
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The jet cross-section at 2.76 TeV

e Data from ATT.AS-CONF-2012-128, two anti-kt radii; 04 and 0.6

26 26
; 1 O —_ T | T T T T T | - |‘!rrll U 3 { 1{;12} T _— ; 1 O —_ T .I T T T T T | . | I| {J 3 b( 1;}12] T _—
I t t - < U3 (x — — N i < 0. —
& 104 o, [eacozw® § 5020580 el K 1024 [remse,  Jeaommt & PifE2) 109 =
C =2.76 TeV B 0B<|yl<12(x10) _T C =276 TeV B (Q8<lyl=12{=x10) _T
5 102E fh‘gﬂﬁﬁ[’g:‘m TS ¢ O 1_2c|¥|c2_1 {imjy i B 102'E NLO pGh (GT10) ,\s ¢ O 1_2cg|<2_1(§1021 i
o C 7 anti-ktR=0.4 4 21<ly<28610) o C PO anti-kr R=0.6 & 21<ly<28(<10)
= il A 28<ly|<36(x105) = C A 28<fy|<38(x100)
%1018i—.— v oas<l<a4ki09 %101850— Y 36<ly|<dd(x10% —
L — ] L T . ]
155 —e— = -y 15 = . 3
O i —— — O = L —
E 1 0 C _()__.:-:— — - E 1 0 C =i S - —_— _
= —{)—_‘ e — e - —— —
__ —— ——— [ 1 __ —— —— I |
0% —a— e B R 108 === —— - =
— =l e =] - —— —_— e -
6 e —a T [ = e =
- —— —_— - — —_— —_— ——
— —_—— e = — — —_— —— —
10° e — - | F 10° == T e [
C = —— 7 C = —— ]
1 - == == B 1 = =re= r—— 1
-3 = — === ] B3 — ]
10°c =5 T —— ATLAS | 10°F _ —— ATLAS
6 T Preliminary = BfF — Preliminary —
1 0 - l I [ R R I I L 1 1 D il l I (RN NI N I I L [

30 40 102 2x10° 30 40 102 2x10°
p_ [GeV] p. [GeV]
T T

e Again a good agreement of the NLO prediction over 7 orders of magnitude within the experimental
uncertainty (2.8% preliminary luminosity uncertainty not shown)
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The jet cross-section at 7 TeV

;10241 T T T T T | T T ToITIT —
e 1 ”_ anti-k, jets, =06 ; Iyl <0.3 (x 10') . i
C P O 03<Ilyl <08 (x 10°)
Q 102 [ | Ldi=37 pb”, \s=7 TeV B 08Iyl <12 (x10° —
e 1018 f__'-_._ O 12<lyl <21 (x 10;} =
o - —— A 21211 <28 (x10°) ]
I —e— A 28=lyl <36 (x 10°%) -
% 1015 il = e —e- 7 36=hi<ad(x 10%) —=
= —e= —— —
412 T —a— e - J
Q 107 —= e - —
E g ] ++ -9-_9_ +' —
5 107 === —-- o 8=
ol == -E-_E_ - —— —
he] 6 P —— -'_._ === —
il =3 -m- =
1 0'3 ::$Eg= _*__‘_—h— -E-_E-E- b =
— = —h— === 'ﬁ —
— b — *_._ =E= —
1 __ == —— —— -E-ﬁ ]
-3 = == == == —
10° Systematic —— Y —
| uncertainties ==] ]
1 0‘6 — NLOJET++ =5 —
il (CT10, p:p_"lf'“] x s
-9 f Non-pert. corr. A TLAS ]
10 1 1 Lo 1 l L0 N
2 2 3

20 30 10° 2x10 1 % y

. e
Phys Rev. D86 (2012) 014022 pT [ ]

e Statistically precise determination of
the inclusive jet cross section with jet
prup to 1.5 TeV from 37 pb! of data

Agreement with perturbative QCD
over more than 8 orders of magnitude

Large systematic uncertainties, may
not be so constraining in a PDF fit at
NLO (Luminosity uncertainty of 3.4%
not shown)
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Uncertainties on the ratio 2.76 to 7 TeV

— 60 . — . T = . T —— . — 300 . . -
a2 ' 2 F ' a2
S [rat-020p5" antix, R=0.6 ';Tﬁ,“? S 8% [La-oz0p” antik R-0s ATLAS ~ J.L dt-020pb" 3e<lyl<aa ATLAS
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= E-276Tev  ly|<0.3 s B0 \s_o78Tev  2.1|yl<2.8 £ 200 5=276TeV
= C = |
@ & 40 2 anti-k, R=0.6
5 E £ 100
2 E= =
= © DE m= =
[+¥] [+ a
o T 5g s
-100
F -40)
Total Cross section F ot
JER —— Unfolding . 8070 UER —— unfolding -200-[7771 UER —— Unfolding
JES - Others ] -8QF —— JES - Others —— JES —— Others
L L PR TR T A | L L L C L L L PR S N | L -2300 L L L
30 40 108 2«i0f 30 40 50 102 2107 30 40 50 60
(a) |v| <03 P, [GeV] (b) 2.1 < |y| < 2.8 P, [GeV] (c)3.6<|y|<44 P, [GeV]
O Aras 1 E YEr o " T ATLAS = ' " ATLAS ]
1 5:— -[ L dt=0.20 pb™ Prelimina = —F 30:— -[ Lt =0.20 pb" Prelimina —F B -[ Ldt=0.20 pb™ Prelimina .
% Fy5=2.76 TaV / j5,=7 TaV/ o % F y5=2.76 TeV / {5=7 TeV ry 3 1001 ¥5,=2.76 TaV / {s=7 TeV Y 4
= {pf antik,R=0.6 _ R & 2pf antik,R=0.6 = [ anti-k, R=0.6 ]
s E lvl<0.3 Cross section ratio | g F 2i<lyl<28 5 s5of 26<kylcas
= sk = 10 =z L
% 0 % 0 = g EEEi e
2 E 2 E g @ EE—_-_ e
2 -5 2 -10F 2 50:
= = 2 £ = F
g —105— ! Total = '205_ _- Total o F — Total 1
o _15:_i _1 JER —— Unfolding o —30:—5—] JER —— Unfolding ‘I—H)O_— 1 JER —— Unfolding -
E —— JES ——- Others FE—— JES —— Others P —— JES -——- Others .
_20‘ 1 1 TR N B W | 1 1 1 _40‘ 1 1 1 PR T T | 1 1 1 1
30 40 107 2x10° 30 40 50 107 2x10° 30 40 50 B0
(d) p(yv,pr). ¥ < 0.3 p; [GeV] () p(y,pr).2.1 < |y| < 2.8 P [GeV] () p(v,pT),3.6 < |¥| < 4.4 p, [GeV]

Experimental uncertainties on the ratio better than 59

forward region at low pr
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PDF uncertainties on the ratio 2.76 to 7 TeV

= 30— . — = ———y —— =100 . . . .
5—; [ NLO pQCD (CTi0) ] ""'—; 80 NLO pQCD (CT10) I - ""'—; aoF. NLO pQCD (CT10) ]
E oppL B=276TeV 1 £ gof F=-276Tev | 4 £ E VE=276TeV 3
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E 71 Scale choice ] E [ 1 Scale choice ] -80F 1 Scale chaice Cross section
20 —— poF = 60 __ poF = F —— PDF
C e o ATLAS ] P - o ATLAS 3 -80F o ATLAS j
_30— . . L Preliminary Simulation-| - - ) . ) ., Breliminary Simulation _100: . Preliminary Simulation
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(a) |y| < 0.3 p; [GeV] (b)y 2.1 < |y| < 2.8 p; [GeV] (c) 3.6 < |y| < 4.4 p; [GeV]
& 20— - 80 ——— — = - . . . .
% © NLOPQCD (CT10) PDF uncertainty F NLO pQCD (CT10) Ir ] ?E 80F NLO pQCD (CT10) -
o 15F [E2retev/ g Tev Jlarger than scaler 60- g 76 Tev/ -7 Tev | 1 & gob Er278TeV/ (5=7 Tev Ir E
2 1oF. antiHR-0.8 uncertainty 40:_ anti-k, R=0.6 11 2 C antik, R-0.6 I 3
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-.E -10E Total E -.E -40F Total E = -40F Total =
= E ] Scale choics 1 - I=°7] Scale choice 1 3 sof. —— scaeend Cross section ratio
C g — PDF 4 & _gok —— PODF 3 & Y —— PDF
Foomem oy ATLAS J — alg ATLAS 1 8oL~ o ATLAS B
_20: . | Prelimjnary Silrnulqlon: —80_ . . . . 1, Breliminary Simulation— - - Proliminary Sjmulation
30 40 102 2x10? 30 40 50 102 2107 30 40 50 60
(@ p(v,pr),|¥| <0.3 P, [GeV] €) p(y,pr),2.1 < |y] <2.8 p [GeV] (") p(y, pT),3.6 < |y| < 4.4 p [GeV]

¢ Corresponding bins in pr at 2.76 TeV and 7 TeV will correspond to different regions of .x and Q2

® Still gives rise to significant - albeit smaller - PDF uncertainties
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Ratio vs theory

ATLAS

Preliminary

ff_ dt = 0.20 pb™!

28<Ilyl <36 p= GE.?GTeU / U?Tev

jet jet
anti-k, R=0.6

T
T

Data with
—e— statistical
uncertainty

p (y, p.) ratio wrt CT10
p (y, p.) ratio wrt CT10

DB<Iyl <12 36<lyl <44

Systematic
uncertainties

NLO pQCD
x non-pert. corr.

30 40 102 2x10?
pT [GeV] CT10

— MSTW 2008

12<lyl<21

== =NNPDF 2.1

=:=HERAPDF 1.5

e With the ratio the experimental uncertainties are generally smaller than the PDF uncertainty -

particularly at low pr
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HERA + ATLAS global PDF fits

Different centre-of-mass energies probe different x and (J? 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

in a larger uncertainty

AR T T T T T T T p 14T T T T T T T T
8 _F cf-10Gev® 3 C 07 =1.0GeV? -
= ATLAS _ - ATLAS —
R 3: HERA | 12p fit Praliminary J H 1.2— HERA 13p fit Preliminary
L gF_ THH HERA L ATLAS R=06 fit E |, T HERA - ATLAS R0 it =
2F- = 0.8 =
1.5 = 0.6 =
= o - =
14-E; _: 5,4:— _:
F = 0.2 ~ J = 3
a.sE = xS = 2(xit + xd - x5 s
- - .G_ —
115 == [ I Z
= = = =
1.1 £ = 11 H
1.055 = 8 105t 5
1:—- I IIIIIIIII: i i i i i i i i i i 11T II —; D 11_:F!'! ! ! ! ! ! ! ! I ] i i i i i i I I I I I II —;
E |IHEERNI rrrrrrrrrrt 1] = Q ‘:' lllllllllllllll L] II =
0.9 = 5 o09F £
0.85 e | | =  © 085g , , . =
10* 10 10 1 10 102 10" 1
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HERA + ATLAS global PDF fits

Here include also
ATLAS electroweak data

Xg

2.5

15

05

—-Q
o
w

IIII|IIII|I‘|—

g epWZ free s

Q%2 =1.9 GeV?

>

2

N
EIIIIFIIII|IIIIEIII

Q? =19 Gev?

S - ¢ 17 . Y- S
HERAT13p it

===+ HERA + ATLAS R=0.6 fit

Preliminary

111

1IIII|IIII[IIIIFIIII‘II

II—IIIIEII' s

1072 1071

15
=+
0.5 =
oF =
= = H H H i
= 1.152 i
5 11E 5
S 1.058 =
= E N N T T T T T T RS N I | —
o 1 ESSRRRRRARREREEREEEEaRRSRE =
E 0.95 3 =
© 095 =
0.85F =
F T T T i
x
] NNLO Fits to Electroweak boson
- production, although cannot be
A compared directly, do seem to

support a harder gluon distribution
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Comparison with the ratio

p (Y, pT) ratio wrt CT10

L
L1

12<lyl<21

1%%‘_%'

A

0.5

p (Y, pT) ratio wrt CT10

1.5

0.5
1.5

28<lyl <36

= “a6< |Q| <44 =

+ i =2 ]
30 40 102 2x10?

p, [GeV]

ATLAS

Preliminary
f L dt =0.20 pb”

p= UJEE tI"ﬁTe\‘\." / G?Te\-’

anti-k, R=0.6

Data with
—e— statistical
uncertainty

Systematic
uncertainties

]

NLO pQCD
x non-pert. corr.

CT10
v HERA+ATLAS

---HERAI113p

Again the fits agree well with the data, with the HERA+ATLAS fit agreeing better in the forward

region
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Outlook

The cross section at lower pp centre of

mass energy, 2.76 TeV has been ; 20;_' ATLASIOIN;H; Lu,'ni'nclsi;y' @l:BTeV L _;
measured 2 q1g- [ LHcDelveres E
2 10 []ATLAS Recorded =

Except at the highest jet pr, the data are |- 2
systematics limited % 125_ Total Recorded: 14.6 o' E
[T =

Fits to the data have been performed 15 aF E
taking account of the correlated r:i 50 E
experimental uncertainties o 4 E
oF- 3

The fits predict a harder gluon 0 B I P W

29/03 29/04 31/05 01/07 02/08 02/09 04/10
Day in 2012

distribution with a significantly (30%)

reduction in the uncertainty

e The LHC has been performing exceptionally well, with over 14 fb'! of data collected at 8 TeV centre-
of-mass energy

* This will allow better precision, even at the highest pr where the data are currently statistics limited
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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 - Higgys

»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

_1n|tan? @ Radius: ~ 12 m
) @ Weight : ~ 7000 tons
’ t{' @ ~ 10® electronic
A1 S L | - channels
s == e B 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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