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Latest news!!!

Machine and data taking:

0 368 bunches
9 150ns bunch spacing
9 L ~2.1x103 > upto 6 pb?in a fill

9 Bunch intensity: up to 1.2 10%p/bunch; emitance 2 um
(both better than nominal)

9 Max (average) pile-up: 3.8 events /x-ing
0 Stored beam energy: ~ 24M]j
9 Recorded luminosity: > 32 pb-!

LHC plans: deliver 40pb! by Thursday, then 5 days
with 50ns bunch spacing, then start preparing heavy ion run.
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QCD

Scattering processes at high energy

pl“OtOI"\ - (antl)proton cross sections

10° 10°
hadron colliders can be classified as
:|
10
eith er HARD or SOFT
107
Quaﬂtum ChromodynamEcs (QCD) is 10°
the underlying theory for all such 10°
processes, butthe approach (and the 10°
level of und erstanding) is wvery different "
10
for the two cases
10°
1
For‘ HARD processes, E.Q.Wor high- 10
ET_jet production, the rates and ewvent 10"
o _(E™ > 100 GeV)
properties can be predicted with some = 10"
precision using perturbation theory &
10
o 10°
FchOFT processes, e.g. the total - :
o _(E™ > Vs/4) 10°
cross section or diffractive processes, o5
o, (M =120 GeV) .
the rates and properties are dominated faae 10
200 GeV ¥
by mnon-perturbative QCD effects, which 10° 10°
i 500 GeV
are much less well understood 10.7 PERISSEAERE . remes 10.;-

0.1 1
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‘Understanding cross-sections at

the LHC

PDF’s, PDF luminosities
and PDF uncertainties

proton

underlying event

underlying event

and minimum outgoing parton

bias events

jet algorithms and jet reconstruction

LO, NLO and NNLO calculations

“Hard” Scattering

benchmark cross
sections and pdf
correlations

outgoing parton

underlying event

Sudakov form factors

calorimeter et

Calorimeter

L) fﬁ;' interactions in
:i ¢1r[‘ — malerial,
1| | ﬁ{ Magnetic field

]
ISR . 9 ouor cone

'I : partans
1
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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 ¢ 1

theorem for hard ox = ) / dxydx; f(x1, ) fin(x2, 1)
a.b 0

scattering (short

) . . . QZ QZ
distance) inclusive X GaboX (xhx&{Pf}iﬂsu‘%)a”(ﬂ 1
processes

Elzbieta Richter-Was
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Perturbative processes

Hard processes are rather well described by QCD
9 Quantitative description for Q? scales above ~ 10 GeV”"2

0 Decades of earlier work have teach us how to make useful
predictions and what questions to ask of the data

Now we have the possibility to extend measurements into
new Q? range

2 First we have to gain confidence in the predictions and
our ability to confront them with the data

Hard scattering is the domain of new physics

2 Important we understand the standard model processes if
we are to be able to identify new physics
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How precise predictions

LO for generic parton-
shower MCs, tree level
ME's

NLO for many parton level
signal and background
processes

NNLO for limited number
of precision observables:
W, Z, DY, H

0G, = 00y p® 00 @00 & ...

ram
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proton - (anti)proton cross sections
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General structure of a QCD
perturbation series

Choose a renormalisation scale (e.g. MSbar)
Calculate cross-section to some order (e.g. NLO)

o(P) = A () +ad ) B+ 02 mﬁ]
27
LN | /
::::l:lzl(aj ‘|:: ;c::,ceem-ac-lai r:ige [‘:;in;erﬁt coefficients

Can help to converge by using a physical scale
choise e.g. u = M, or p=E_

Elzbieta Richter-Was Lectures on LHC physics



The iImpact of NLO

pp = (Z,7")+X
N L B ) B R B

80— —
- NLO .
~ {_f_!:._\.-:*.'t:-"?: 00’ s 0L, Yoo h
— i L e NMLO = \"-A-"'_.‘% 7
(@]
"\\ B ]
el |
e - il
i LO ]
D 40— —
S L -
= - i
- N i
~.
b - -
o 20 [— Vs = 14 TeV —
- M — Mz .
B M/E s “ S EM Anastaslou_. Ejl)LDh..
[ I | I | u M llllllll . FJe lllllll . 2004
O 1 Il i [ 1 [ | 'l i 'l [ Il [ | [ [ [
—4 -2 ] 2 4
Y

= Shown only scale variation p, and u.
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\Parton distribution functions

Elzbieta Richter-Was

x4P x-P

Momentum fraction x,, x, determined

by mass and rapidity of X.

x dependence of f(x,Q?) determined
by “global fit” to deep inelastic

scattering and other data, Q?

dependence determined by DGLAP

LHC parton kinematics

10° e e Ty

X, , = (M/14 TeV) exp(xy)
10° Q=M M= 10 TeV

Q" (GeV)

equations:
/d'_ 2 . 1 d \
3]log 33} ;;fx %{Pqiq](Y:aS] QJ{;—{,Q‘)')
+ Pyu(y, as) g(?qz)}
r)g .Q%) as [tdy
dlogQ? 27 J, y{ zq;(¥> as) { ,Q%)
2
+ ng(y.‘ﬂs] g(;,Q } / .

.
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PDF's at LHC

LHC parton Kinematics
10 Lk B B L L b I Lk LI IR

E X, = (M/14 TeV) exp(ty)

Most SM and new physics e M=oty
sample pdf's in the region of 10’
where they are already well b
known
g 10°F
Current pdf uncertainties 2
provide benchmark for N
whether LHC can add new 10|
iInformation ol
Low-mass forward production ol
(e.g. b quarks, Drell-yan) ]
might provide new o a0 107 10t 10t a0t 1ot 10
information on small-x "
partons
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Extending even further

To probe very small x at LHC c_ LHC parton kinematics
. 107 ¢

we neec} to produce relatlvgly (st o) 5

light objects at forward rapidity  wfa-m M=10TeV 3

L DY lepton pair production at LHCb

sx~(M/Vs) eV <<l i

< 10°
The simplest process is Drell- &t
Yan production, it requires ©
good detection of lepton with T
low p. in the forward region. oy Lo

/ / tixed

Studies underway at the LHCb 10’ L g
to cover this region. ol
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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.

fi(z,Q5) = A;z[1 + biv/z + cz](1 — )%

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.qg. 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 ‘ cutput

Elzbieta Richter-Was Lectures on LHC physics 13



\Anatomy of global PDF fit

Formalism aM,)
LO, NLO, NNLO DGLAFP
MSbar factorisation

x [£0) 8500 ]

functional form @ Qg2
sea quark (a)symmetry

etc.

Data Output

DIS (SLAC, BCDMS, NMC, E665, FORTRAN, C++ code
CCFR, CHORUS, H1, ZEUS, ...) In user-friendly form

Drell-Yan (E605, E772, E866, ...)
High E+ jets (CDF, DO)

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

etc.

Elzbieta Richter-Was Lectures on LHC physics 14



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

NA - 1 L] IIIIIII L] 1 IIIIIII | || lllllq 1 L] IIIIII- NA1-2- 1 T rrmy '.‘ L] II-IIIII | | | IIIIIIl L] L IIIII:
< 2 2 9 2 4 2
X Q° =10 GeV- - .l Q=10" GeV- -
® 1 = 7 E
i g/10

— u-B_ —
B 0.6 -
= 0.4} -
0.2 | - 0.2 B

o | [ IIIIIII | 1 IIIIIII I 1 1 1Ll 0 1 |||||I|I [ | IIIIIII [ L LLaiu =
10* 10° 1072 10™ 1 10 1073 102 10™ 1
X X

Elzbieta Richter-Was Lectures on LHC physics



LO vs NLO vs NNLO MSTW 2005

- 2 : 2
2 | Q0 kera (P00 Q) edraged) + € * HI
: 4 ZEUS

NMC

LO evolution too slow at
small x v

NNLO fit maginally better
than NLO

LO can be improved (e.q.
LO*)for MC's by adding K-
factors, relaxing A
momentum conservation,
etc. '

1 10 ILJ2 QE(GE\"':) IUS
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PDF's and a_(Q?)

PDF's and o (Q?) are
correlated

With new approach it
can be accounted for
simultaneusly In
calculations of the
cross-sections

9 Eigenvectors of PDF's with
different fixed as values
provided

Elzbieta Richter-Was

NLO as(ME) values used by different PDF groups

| | | | T | | | |
......... h—®——] *+ * * = = = = » -
b—
——t— .
68% C.L. PDF
. —F— g & MSTWO08
m CTEQS6.6
— el A NNPDF2.0
¥ HERAPDF1.0
> ABKMO2
GJROB

coec b b bt e b b b e by e by
0.11 0.112 0.114 0116 0.118 0.12 0.122 0.124 0.126 0.128 0.13

2
ots(Mz)
Up quark at Q* = M3
o 1.05E T
EI 1.04— MSTW 2008 NNLO (68% C.L.)
= 03E 4z Fix g at +68% C.L. limit
§ 1.02E5 S5 Fix ag at - 68% C.L. limit J—
= 1.0 Lz /44% VW//
E 1% = \*K/ZA‘;
= — 7
=) °-99m\‘§§_\_-_-—"i—f—-§§—_ NS
-
& 0.87E- y =lo y =io
0.96 at LHC at Tevatron
05— b R
10 10° 102 10"
b

NNLO quark up distribution, ratio
to central value
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cross-sections

differences probably

Benchmark W,

NLO W* — Fv at the LHC /s = 7 TeV) NLO W'/W' ratio at the LH

ue to sea quark

= M | | T i . g 450 I T
5 108:— - _: b o~ flavour structure
- '|' . — -
= 108 e B 7
" o Ll R E t} 148 ) o e -
T 104 . e T e T m L EL ki s i ]
~ = - o= e = - | | _
+l 10.2:— — l ______ ) = ﬂg 1.46— —
E 10 e T 68% C.L. PDF ] B 68% C.L. PDF ]
m = T ] @ MSTWOS E - * MSTWOB .
v F RS W CTEQ6.6 = 144 W CTEQ6.6 ]
D; B 4 NNPDF2.0 — I A NNPDF2.0 ]
C ¥ HERAPDF10 | 3 o R ¥ HERAPDF1.0 =
- ~ Wertical error bars 7 ABKMO9 3 1'42__ Wertical error bars ABKMOS __
9.2 ,':';"];';:""FUFF““': GJRDB = L QL‘;’;:“FDFF"“': GJRDB ]
E oy = I NS ST RSN S R S RS S R
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1.02—————— — — — : MO05———— — — — —
E E T T T T E DH F T T T T T 3
-E- 1__ — — ~ T
- - - mT_ 11 — ]
~ 098 — - - 3
= “985 1 i = — E ]
T 0.96— |—JL«L—| ORI b;19-95__ e
3 e E A R e
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0 0920 T e 68% C.L. PDF = m = 68% C.L.  PDF 7
=~ 0.9 eeer| @ MSTWOS = ry 10.85— | & MSTWOE =
gﬂ = '—'I‘—‘ W CTEQ6.6 = = - m CTEQ6.6 =
0.838— ” 4 NNPDF2.0 — o 10.8— A NNPDF2.0 ]
o.86F ¥ HERAPDF1.0 || 7 E ¥ HERAPDF1.0 | -
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Predictions for o (W,Z)
= NLO vs NNLO

W and Z total cross sections at the Tevatron

0.235

0.23

CO*rFrHE®

o >

MSTWoa NNLO
MRSTOE NNLO
MRASTO4 NHLO
Alekhino2 NNLO
MSTWos NLO
MRSTO& NLC
MRSTO4 HLO
Alekhind2 NLO

CTEQE.S NLD

PR
Cr
" -
" "
.

S5 255 26 265 27 275 28 285 29

G, BW- = Iv) (nb)

B(Z° - I'T) (nb)

T_o

]

n
-k

2.08

2.06F
2.04}

2,02

1.98

1.96

1.84
1.92

1.3'

W and Z total cross sections at the LHC

- 14TV

“:-:5!"1
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ap I [ |

MSTWos NNLD
MRSTos NNLO
MRSTod NNLO
Alekhind2 NNLO
MSTWoe NLO
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MRASTO4 NLO
Alek hinf2 HLO

CTEGS.6 NLO
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22
. B(W- - Fv) (nb)
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Parton luminosities: 10 TeV vs 14 TeV

Ratio of parton

-
o

luminosities and 10 TeV e
and 14 TeV for at;DTe\?LHC and 10TeV LHC

=
to

J 2 qgbar (W,Z production)
4 gg (Higgs, ttbar)

luminosity ratio
o o
(93]
ety

{
Q
Q@
e
0
ol

sof . :

J G=g+4/9X (q+qgbar) oz} \
(high ET dijet production) ' MSTW2008NLO \]

In case of W and Z cross- o MGew)

sections are not that much

smaller
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Inclusive jet production

Calorimeter-level jets

A
LY

-

— T

—

[

\ .
Hadnonic showers —

I

4

[]

EM showgrs

i

Underlying event

Elzbieta Richter-Was

Y
Hadron-level jets
Hadronizatio;rrf

v 5
\ -
‘ (S

Parton-level jets

Lectures on LHC physics

Unfold measurements to
the hadron (particle) level

Correct parton-level theory
for non-perturbative effects
(hadronization & underlying event)

Jets are collimated spray of particles
originating from parton fragmentation.
- To be defined by an algorithm

L1

21



\Jet clustering algorithms

o Infra-red and collinear safe i B2 |
o Resultant jets stable under dij = min(ki, ki )3 AL = (4 - 1)* + (61 - 65)°
these effects dig = k%

o Two general classes

o Cone algorithms around
seeds

o Clustering algorithms

o Anti-k; is a clustering
algorithm
o p=1for k, clustering, p=0 for
Cambridge/Aachen, p=-1 for
anti-k,
o Cluster smallest distance and arXiv-0802.1189v2
recompute
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Jet energy scale (JES)

Jet energy scale is critical

0 Based on the test-beam calibration of production detector

elements with monochromatic beams of electrons and
hadrons

0 Extra complications with the final detector
More dead material (supports, cables, pipes, etc.)

Hadrons are in jets rather than isolated single particles
J Spectrum of hadron energies

3 Mixture of EM ( n°> yy) and hadronic energy deposition
9 These complications are captured in Geant4 simulation MC
Used for both test beam and final detector

Detector response fully simulated for final states (different
MC: Pythia, Herwig, Alpgen)
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Jet energy scale (JES)

Jet energy scale is critical

9 In-situ cross-checks done with data
Calorimetr response for isolated hadrons

p, balance for dijet final states
p, balance for y-jet final states

. 018 ——————m
Current jet energy scale I
uncertaintity (ATLAS) SOM L ImmT P ImEm.
. . ﬁ ) :_ JES caiibrabon non-ceure I:I'rmnJESUrr«:iornm_nﬂm"ul _:
o A mild function of p, andn 5 o1 E
7] C ]
9 With 17nb* data ~ 7-8% & 006 =

. . g 0.041 lon

2 Ultimate goal is 1% $ooof [ 1 W
AN
0 20 30 40

Elzbieta Richter-Was Lectures on LHC physics
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Inclusive jet production

=

Inclusive single jet 5 T amin jow ALo8, 26

cross-section measured %1°E'E+ e (R g
to p, of 550GeV 5:2 sl s
Excellent agreement ool *___. e
with NLO prediction over | —= ]
5 orders of magnitude 1;”“‘5 _— *ﬂt
The dominant

systematic uncertainty
for the data is the JES

Data/Theory
o 3 - M

100 200 300 400 500 600
p, [GeV]

Emerging “precision” phenomenology at LHC
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Inclusive dijet production

E}glgiﬂms Preliminary .
Inclusive dijet cross- 2 10°F Tlairmtver e o e oo 1
. 1 O13:_ Total syst. unc. e 0B<yl <12 (< 1ed)
section measured to o Moro e oot 1
M~ 2 TeV EE 109; - ‘ﬁ"'?‘-‘h__g
o Leading jet p, > 60 GeV 2 107 _h+--+=,= 44""-&% if
o Subleading jet p, > 30 GeV :g:i___ e, E
L T T 7
- |n| < 2.8 10:: +i—¢-i_ _
1__ ! ! L _. L ?

E>§cellent agreement 10 P aao?
with NLO predictions m;z [GeV]

Emerging “precision” phenomenology at LHC
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\A2|muthal decorrelatlon N

dijet events

= Inclusive jets are no ba?
to-back

2 Additional jets in the final
state

2 How large is effect?

2 Do MC models describe it
properly?
= Alpgen works very well
over 3 orders of magnitude

= Data are well described

1/6 do/dAd [radians™|
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10t
10°
107

10

107

10°

/o do/dAd [ratio to Pythia]

' E
ATLAS Preliminary '-ft’--'*—:
Vs=7 TeV e W
anti-k; jets F1=Ell.5 '_”*?—z{’“ -
p'>100 GeV [y*|<0.8 #ﬁ* =
Data [Ldi=315 nb’ e _H_'N__
o E™310GeV K0 —f— =
. 210.;91_““:310 GeV (107 b *_*_
o 160<pT™<210 GeV (x10') % PO
* 110<p7™<160 GaV x10°) Y N
sysiemalic uncertainty :
% Pythia I —i—
Harwig X1 3
[ Harwig++ _lé_
gg.ﬁlpgen : ; ; —
n/2 2n/3 51/6 T

|A¢| [radians]

- ATLAS Preliminary
\s=7 TeV
anti-k, jets R=0.6

Data ]Ldl=s1 5 nb!
C o0 p:“bsm GeV
© m 210477310 GeV
o 160<p)*<210 GeV

PP>100GeV |y<08

F

INANEEEE NN
= b = -t ra

T e 110p™<160 GaV 211
systematic uncertainty .

- Harwig - 0

= [ Herwigs+ 7 ]

= [ Alpgen I——E-—o—l"-“""—'—'

o 4 . .
/2 2n/3 bn/e n

|Ao| [radians]
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Multijet production

Can we count and E fmmmm ' arias Preiminary
characterize the additional r —
jetS? 105_ FI=U.E.chIt=1?rI:-'1
[E=7 Teu}ssyst I
0 Essential to understand for new- 107 Ll ~poen secsom oo
particle searches LA ST |
2 Prediction requires higher order g >
QCD corrections S o3 3 4 L 5
. . Inclusive Jet Multiplicity
Count jets with p,.>30 GeV, 05 . . —
_g_ g ATLAS I=‘ruslir~r'1ir~|1au";.-r ]
0_4__ F=0.6. | Ld=1F nb” -
ly[<2.8 o e EmamTer
9 JES crucial because of steeply oob T rmee .
falling spectrum 015_ = ——
Plot ratio of cross-sections for 14 ' ' '
successive multiplicities Bos , , ,
) 3 4 5 6
9 Many systematic errors cancel Inclusive Jet Multiplicity
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Multijet production

Do we understand the p, spectrum of the extra jets?

2 Pythia spectrum renormalised to data for each jet
multiplicity

2 Results in good agreement with Alpgen

5‘ 106 T I I LI I TTT I TTT I TTT | TTT I TTT I T ;‘ 106 I | | I T | T T |
® ATLAS Preliminary 3 © ATLAS Preliminary
% 105 A=08, | Ldt=17nb" g 105 A=0.6, | Ldt=17nb"
a —a— Data (a=7 TeV)+ayst, = —s— Data Na=7 TeV)+ayst,
a1 04 == - Alpgen MC+acale uncert. d‘104 - Alpgen MC+acale uncert.
g [a— —&— Pythia MC0.55 E k=) 103 — —a— Pythia MGx0.60

10° Mis= 3 | © N> 4
s e ; © 102 n—

10° —— 3 10

10 1

25
5 3
218 z 2
© s 1
D{:}"‘J|||||!||||||||||||||||||||||||||||| (=] 0 ] | ] I 1 | | 1 | ] 1 |

40 60 80 100 120 140 160 180 200 50 100 150
P; (3" leading jet) [GeV] Py (4™ leading jet) [GeV]
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\Jet reconstruction in CMS

¢ Calorimeterdet (calojet)
# from energy depositions grouped
HCAL & ECAL
¢ Jet Plus Tracks (JPT)
# Calorimeters jets corrected with T
tracker momentum g ' ol :
¢ Particle Flow Jets (PFJ): .

¥ Reconstructed particles using
information from all sub-detectors;
separate calibration per particle type

¢ Trackdets
# from tracks only

o
- _ Using different inputs allows CMS to
@ Jet Algorithms: study and constrain experimental
¢ Default for p+p collisions is sys_tematics_ for good under_standing
anti-Kt with R = 0.5 of jet identification, resolutions and
. energy scale
- 4

Also implemented: K1, SiSCone k-
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Inclusive jet cross-section

Inclusive jet pr spectra CMS preliminary, 60 nb1 s =7 TeV

are in good agreement <10'F T T T T

with NLO theory forall @ | lyl=o.s (x1024)

reconstruction types (--?. 9E°© ° -5=lyl<1.0 (x )
o 10 S =  1.0=lyl<1.5 (x64)

_ 2 e, o  1.5=lyl<2.0 (x16)
Extending to very low pr 1 07 N . 2.0=lyl<2.5 (x4)
thanks to n:_:wel S N N »  2.5=lyl<3.0 (x1)
reconstruction methods _%-s Dy ey
(Particle Flow) 5 10° M, By
Low pt reach limited 10° S
from theory side by non- B
perturbative corrections A o

10 — NLO pQCD+NP’
Extending the high-pt [C]Exp. uncertainty 3 *
reach beyond Tevatron’s 107! Antl k IRI—P:*? PF A
. . 20 30 100 200 1000
arge rapidity coverage 1/ s=0.005
up to |y|<3 xpr/ds P, (GeV)
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Tevatron: recorded about 8-9 fbl/exp.

Elzbieta Richter-Was

Tevatron

- — _J.——_. Ly

=" -l-. - .,_:1_,—1’_ ¥ e,

Main Injector
S Recycler

- R R a—

36 < 36 bunches
396.ns bunch crossing
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Tevatron a “SM” discovery machine

Luminosity delivered : ~ 9 fb-1 299
i St on tape : 7.5 fb-1/exp.
Expected delivered Luminosity in Run I
9 _end 2011 :~ 12 fbo! /
on tape : ~ 10 fb-?
« “Run [11" (2012-14) being considered /
7 A— ~ 2-2.5 fb-l/year

B..—

Higgs limits

diboson channels

Integrated luminosity (fb1)

07 FY0S FY09 R0 FYIN
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\Jet physIcs

2 10'E D@ Run I o |yl<04(x32)
U] 105 o 0.4<|y|<0.8 (x16)
g e s 0.8<ly<1.2 (x8)
> o 1.2¢|y|<1.6 (x4)
o0 s 1.6<ly]<2.0 (x2)
%103 o 2.0<ly|<2.4
o 1(?

10

L=0701"
Reore = 0.7

\s = 1,96 TeV

— NLO pQCD
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Jet reconstruction :
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algorithms (CDF,D@),
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high x

somarce FOrward jets :
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Glun density at high X

Tevatron jet

measuremen tS Gluon distribution at Q%= 10* GeV?
complement HERA 5 [ ™ Y e
measurements. : M
0 Unique constrain on i3 " :
gluon density at high x
In MSTWOS8-fit: lower | R\ %Y
gluon density from Run 0.1 0.2 0.3 04 05 06 0.7 :.B
Il data compared with
Run |
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\AlphaS from jets

= Uses the p, dependence of the jet

antipraton

x-section; medium region x= 0.2-0.3
" Highest precision from hadron collider

S 10F DB Run i » |y|<0.4 (x32) all +0.0041
(E 10%E o 0.4<|y|<0.B (x16) Qs (MZ) il 0'1161—00048
g mﬁ; = 0.8<lyl<1.2(x8) | o5 |
B o 1.2<ly|<1.6 (x4) =B as[pT) o H1
§:.F33 : N i ;g-clyg-:zg (x2) A ZEUS
10°F & U]y <. e D
© otk . 0.15 |- oA %
10F w DO
TE 5 = 1.96 TeV I B
10'F L=0.701" 0.1 - B3 a,(Mz)=0.1161 "g 5o4g
102E Rygne = 0.7 5\ \ | (D& combined fit) ;
107 NLO pQCD : A\ (0.14 F ]
10°4 - +non-perturbalive corrections hi. \ \-\ \\ \ 0.12 Z_ ‘# + QS{MZ)
10°F CTEQ6.5M uH=;LF=pr\ \ 61 F
o L | i | Y MR | L L ] " R |
10% 50760 100 200 300 400 600 2
p, (GeV) 10 10
rsula Bassler - LHC Days@split P (GeV)
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\Multi-jet production

" Sensitive to QCD radiation: test of MC models at

NLO

" Three-jet mass cross-section and Ratio: 3jets/2jets

Versus p.

;1045""".'.""'
© = D@ Preliminary

P, >150 GeV, |y|<2 4
. P..>40 GeV (x2

wp,.>70 GeV

- D@ preliminary ||
: F==-- ne Pro-pT0

+ lune Perugia hard
= fune Perugia soft

—— SHERPA

FYTHIA:

™ p >1 00 GeV " &
Y |:|:i\=i 0.05 2
. . Prmn = T-‘I} Gev ) i Pima = QﬂlGa]\-"
\s=1.96TeV v DG rellmlnar S
1L L=0.71", R, =0.7 x Rl v ha
= e R tune DW
Systematic uncertainty l ] f R ; © lune BW
. = .:." =
1075 — NLO pQCD-+non-perturbative ?'w el - H
_ « 005 A i : K%
102k correctlons. 1.1 = |.I. 1;'3 (p + p + p ] . . . 100N i -0 0ey
0 4 0 6 0 B 1 D 1 2 1 4 a 100 200 300 300 100 2'DC| 3UU .JUCI 100 200 300 500
My (TeV) Prmax (GEV)
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Some kinematic distributions

Rapidity (y) and Pseudo-rapidity (Tl)ﬂ Particle
Y

y =—h
i 2

E+p, 1

;i
=

2

= 1+ Fcosé

l1—- fFcosé

Iﬁ cos@ = tanh y where £ = p/EI

In thelmit B — 1 (or m << p;) then

1 1 7 v
m=0:—'].n i =—]ntan—-
s 1—cosé 2

=¥

LAB System # parton-parton

CM system

CM LAB
8*

An and p+ are invariant under longitudinal boosts ||
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Some kinematic definitions

| Transverse Energy/ Momentuml p.=FEtanhy

E§Ep§+p§+m2:pi+m2:E2—pf E=E coshy
p,=E . smhy

Invariant Mass_]

— Pr=psimn@——-—_——FE,
M}, =(p! + Py Py, + Psy) -

=m +m; +2EE, - p,- p,) X4P
»2FE  E.,(coshAn—cosAg)

1
X,P

my M, —0

2

ey & 2Er/\/; =x,(m, = 0)|
O<x.x, <1
|P3110n CM (energy)’ — s = -TabeI sz_ <xXx, < 1

Partonic Momentum Fr'acfionsl
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Next topics

3.11 - W,Z bosons:

2 cross-sections (incl. differential), W/Z+jets
9 asymmetry

10.11 - W,Z bosons:

J precise measurements

17.11 - Top: xsection, mass
24.11 - Hot topics: new exclusion limits
1.12, 8.12, 15.12 - Higgs
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