Summary of the WG on
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Part I: Theory

Conveners: Duncan Brown, Alexander Savin, Daniel Traynor, Giulia Zanderighi

L s - el T Y,
){V In’rernuhonul W{::rkshop on Deep Inelastic Scattering and Related 5ub|ec15




Final state iIssues

Summary of WG on Hadronic bnal states and QCD (Part I) 2/25



Final state iIssues

Summary of WG on Hadronic bnal states and QCD (Part I) 2/25



parton densities
evolution of pdfs
intrinsic kt”

intrinsic charm?

~

Final state iIssues

Summary of WG on Hadronic bPnal states and QCD (Part I)

2/25



Final state iIssues

N
parton densities

evolution of pdfs
iNntrinsic kt?
iNtrinsic charm?

4 )
higher orders to

hard scattering
NLO, NNLQO, ...
-

J

Summary of WG on Hadronic bPnal states and QCD (Part I) 2/25



Final state iIssues

4 . )
perturbative

evolution,
resummation
\ J

N
parton densities

evolution of pdfs
iNntrinsic kt?
iNtrinsic charm?

4 )
higher orders to

hard scattering
NLO, NNLQO, ...
-

J

Summary of WG on Hadronic bPnal states and QCD (Part I) 2/25



Final state iIssues

4 . )
perturbative

evolution,
resummation
\ J

~

parton densities
evolution of pdfs
intrinsic kt”

intrinsic charm?

4 )
higher orders to

hard scattering
NLO, NNLQO, ... N
-

J

4 . )
fragmentation,

hadronization)

Summary of WG on Hadronic bnal states and QCD (Part I) 2125



Final state iIssues

4 . )
f ) | perturbative

evolution,
resummation
\ J

underlying
event

~

parton densities
evolution of pdfs
intrinsic kt”

intrinsic charm?

4 . . )
multiparticle

INnteractions a A
\ J higher orders to

hard scattering
NLO, NNLQO, ... N
-

J

4 . )
fragmentation,

hadronization)

Summary of WG on Hadronic bnal states and QCD (Part I) 2125



Final state iIssues

4 )

P
evolution, i effects )

event |
resummaition
4 ) \_

parton densities [triggering]
evolution of pdfs

intrinsic kt*? g .
intrinsic charm? jet-energy

.. scale
\__ \_ J

4 )

multiparticle [eﬁiciencyj
5 interactions )

4 . )
fragmentation,

hadronization)

higher orders to

hard scattering

[Iuminosity] NLO, NNLO, ... N
\_

J

Summary of WG on Hadronic bnal states and QCD (Part I) 2125



Hadronic Pnal states and QCD

Alms:

» test our general understanding of QCD dynamics

» test QCD evolution in limiting regimes (small x, low energy, ...)
» provide a solid reference for studies of new physics: need precise
as & PDFs, which predictions can we reallytrust? ...
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Topics addressed here

& higher orders for 3- and 4-jets in e"e” [Banfi, Gehrmann]

& issues with jet observables [Delenda, Dasgupta, Magnea, Zanderighi]
& parton shower and matrix elements [Nagy,Visscher]

& combining QCD and EWV [Vicini]

& unintegrated PDFs [Jung]

& formal developments [Bluemlein, Harlander, Nikolaev]
|—> see talk by S. Moch
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ansional reduction at three loop In

R. Harlander

%W/q
g AN
\\ q

Motivation:

q
® problem: dimensional regularization breaks SUSY | Z, # Z, im“\<
q

Os #

® alternative(?): Dimensional Reduction (DRED) [Siegel 79]

Oesilon scalarC
Ap(x) = Au(x) +Au(x)

LAY ,..) =LA, )+ LALAL ..

® susy: D27

® non-Susy: 2E Z ingeneral “evanescent coupling”

Problem:

f? - -
Why bother as(Mz)! oM (Mz)  as(Mgur)! of""°R (Mgur)
relate! s(Mz)to! s(Mgusy) debned in QCD SUSY theory
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lensional reduction at three loop In €

MS = DR R. Harlander

&
decoupling

ugtan'daFd Model
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sional reduction at three loop In

S — DR

decoupling

StamIaFd Model
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Interesting issue: MS-DR conversion
& DR running depend on evanescent
coupling. Physical interpretation?
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tural relations between Harmonic

J. Bluemlein

© 3mplibcation of the complex structure of higher order splitting functions,
Wilson coefbcientsand hard scattering crosssections, e.g. Higgs
production xs& LHC for m; heavy - dep ending on a single scale.

© Mellin Space =!' higher symmertry =!' exploit for smplibcation.
© Derive algeb raic and structural relationsfor multiple harmonic sums.
@ Higher order correctionscan be compactiped.

The Basis

number of fcts.
Wilson Co efbcientdanom. dim. #1
AnomalousDimensons #2
Wilson Co efpcients # " 5
AnomalousDimensons # 15
Wilson Co efpcients # 29+
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ovski-Kancheli-Gribov cuttine

K. Nikolaev

» Abramovsky, Gribov and Kancheli (*70): set of unitarity cutting rules
which relate multi-pomeron exchange contributions to total,
diffractive and inelastic cross sections

» Starting with an exact kt-factorization for hard pQCD in nuclear
environment, a dramatic revision of the AGK rules within QCD is
found

» There emerge two kinds of unitarity cut pomerons which describe
the color excitation and color rotation inelastic interactions

» In the Reggeon field theory language, the results entail a large variety
of multi-pomeron couplings which vary from one universality class for
hard pQCD processes to another
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Dijet azimuthal correlations

Y. Delenda
Motivation:.

results presented at DIS’06 and request from H1

8$10° < X < 3$10°
e H1 data (prel.) it
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Hansson

¥ NLO 3-jet not In agreement with data DISA06

= resummation?
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Dijet azimuthal correlations

NB: different definition
from DO =global
observable

x=0.01
Q=20 GeV

- - - Resummed
—— NLOJET++ NLO

Y. Delenda

Jet 1

Soft and/or collinear
emissions

Jet 2 Jet 2 Jet 2

Born event  Three-jet event Logarithmically enhanced

! ! !
0.5 1 1.5
|

First resummation for

Al LT

jets

Work in progress: matching with
NLOJET++ and power-corrections
Similar study at Tevatron in progress.

N.B. better use global definition of
correlations!
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Ards precision determination of uk

o) Vo, pd" # Nz = "1$# 2" "8 (#1 ko # p'?/0”) H. Jung
2 — oo 3 o I"HHSUBE (& YBR) "™ (+,
") 05 &) (/ &L
2%%$) )" Cb("&(. 34 5)
sensitive to the mix
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#" ("& %&) "*(62.))7
- @ Hi d8a>t<:(?)-rel.<) xBj<3X1O-4.,.-.- : o) $ $(
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)Wwer corrections at hadron collide

Disentangling hadrmonization

¥ Consider the single inclusive distribution for a jet observable
O(y, pr,R), with an effective jet radius R = (Ay)? + (Ag)2.

e Single inclusive jet distributions have A/p; power corrections
from hadronization.

e Hadronization corrections are distinguishable from |
underlying event e! ects because of singular R dependence. analytlcally]

¥ Run MC at parton level (p), hadron level without UE (h)
and Pnaly with UFE (u)

¥ Select eventswith hardestjet in chosenpy range, identify two
hardeg jets, define for eachhadron levd

h/ h/ h/
p'(rU)_ 1<p_(|_ij)+p( U)| p'(l'p)ll p(p)>

Ap(u h) _ Ap-(ru)l Ap(h).
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dower corrections at hadron collider

4 4
3 3
2 2
1 1
0 0
1 1
2 -2
3 -3
4 -4

02 04 06 08 1 : : 02 04 06 08 1
R R
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Jwer corrections at hadron collide

Tevatro(i: qg channel, 55)< p, < 70 GeV

Pythia ---- | Pythia - --- |
| | | | HelrWIg | | | | He|rWIg | |

62 04 06 08 1 12 14 02 04 06 08 1 12 1.4
R

Ap,/ f(R) [GeV]
! p, / f(R) [GeV]

hadronisation: f(R) = 1/R

-_ kt SCALED Pythla -t ] [ kt SCALED Pyth|a - -
Herwig —— | | | ~ Herwig

02 04 06 08 1 12 14 02 04 06 08 1 1.2 14
R R
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Ap;/f(R) [GeV]

1
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N

er corrections at hadron collia

Tevatro(i: qg channel, 55)< p, < 70 GeV
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H(?rwig —
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A OMN 4 O 2w A
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\
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er corrections at hadron collia
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= please provide measuements for diferent values of R!
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arton shower for non-global observabl

M. Dasgupta

Non-global observables: sensitive to radiation
only in a limited egion of phase space
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shower for non-global obse

M. Dasgupta

Non-global observables: sensitive to radiation
only in a limited egion of phase space

» Monte-Carlos often tuned to non-global observables
» Angular ordering catches the relevant part of non-global logarithms

@ HERWIG based on angular ordering, shd be close to full
(large N¢) result.

@ PYTHIA (old) ordering in m? and reject non AO configs,
shd do worse.

@ ARIADNE - dipole phase space, shd have the full LL.
@ PYTHIA (new) like ARIADNE ?
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on shower for non-global observat

Compare MC with full: M. Dasgupta

0.1

'primary +NLO ——— ] primggl I “tg —
MiNeo--1 [ ful + NLO - - -
full + NLO J 3

HERWIG | . N PYTHIA (old) -----
S.. PYTHIA (new) - - -

1/0 do/dE;

1I0 \Et [GeV] 160 1I0 \[GeV] 1 60
10% up to Ex=10GeV 7.5% Pythia new
50% Pythia old
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)h shower for non-global observe

Compare MC with full: M. Dasgupta

pri —_ ] I 'primary+NLO _— ~ full + NLO ——
p”’“?\%INtS S— AO +NLO — — - primary + NLO — — -
full + NLO - - - ] ™ full + NLO - - - HERWIG - - -
HERWIG ] - N PYTHIA (old) PYTHIA (old)
1 [ PYTHIA (new) - - - PYTHIA (new) - - -

1/0 do/dE;

An = 3

0 100
E, [GeV]

problems with new

~, B "‘w N
] \,‘\\
| ~‘~~\\\
) ~
1 1 1 1 N
10 100 10 100 1000 1
E, [GeV] [GeV]

10% up to Ex=10GeV 7.5% Pythia new
50% Pythia old Pythia at large An
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shower for non-global obser

Compare MC with full: M. Dasgupta

0.1

— " —e A & YV Jnan TN

prlng:”tg —— 1 E2 AO +NLO — — primary + NLO — — -

ful+NLO - - - ] | full + NLO - - - HERWIG - - -
HERWIG 1 t- N PYTHIA (old) PYTHIA (old)

] PYTHIA (new) - - - PYTHIA (new) - - -

1/0 do/dE;

An=3

19'04 1 1 1 1 N " a2l
1 10 100 10 100 1000 1 100
E, [GeV] ; [GeV] E; [GeV]

10% up to E=10GeV 7.5% Pythia new problems with new
50% Pythia old Pythia at large An

Care needed when tuning MC to non-global observables!
May incorporate in UE or in NP parameters effects which are PT.
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n shower for non-global observ

Compare MC with full: M. Dasgupta

0.1

— — —e A & YV Jnan NG =

pr'm?\%INtS S— AO +NLO — — - primary + NLO — — -

full + NLO - - - ] ™ full + NLO - - - HERWIG - - -
HERWIG ] t- N PYTHIA (old) PYTHIA (old)

] PYTHIA (new) - - - PYTHIA (new) - - -

1/0 do/dE;

An=3

19'04 1 1 1 1 N " a2l
1 10 100 10 100 1000 1 100
E, [GeV] ; [GeV] E; [GeV]

10% up to E=10GeV 7.5% Pythia new problems with new
50% Pythia old Pythia at large An

Care needed when tuning MC to non-global observables!
May incorporate in UE or in NP parameters effects which are PT.

Do we have the necessary tools/measurments for best tuned MCs?
Need to clarify the above discrepancies!
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ton shower with quantum interfer

- The parton shower relies on the universal soft
and collinear factorization of the QCD matrix
elements. It is universal property and tr ue at all
order. This should be the only approximation ...

Parton shower as
Quantum statistical
mechanics

.. beye have some further approximations:

X Interferemeg diagrams are treated
approximately Wit the angular ordering

Color treatment is valid 1the N. — oo limit Parton shower as
(correct only in e* e~ annihilatio? classical statistical
Spin treatment is usually app odfmated. mechanics

Usually very crude gppfoximation in the
phase space

“Hidd®n tricks”
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on shower with quantum

- The parton shower relies on the universal soft
and collinear factorization of the QCD matrix
elements. It is universal property and tr ue at all
order. This should be the only approximation ...

.. beye have some further approximations:

X Interferemeg diagrams are treated
approximately Wit the angular ordering

Color treatment is valid 1™e N, — oo limit
(correct only in et e~ annihilatiol

Spin treatment is usually app oxdfmated.

Usually very crude gppfoximation in the
phase space

Interfer

Parton shower as
Quantum statistical
mechanics

Parton shower as
classical statistical
mechanics

“Hjdd®n tricks” Work in progress to remove
the above approximations
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SUSY search at the | HC: -

MadGraph/MadEvent at work

S. Visscher

s
5
;
>
N
%-E
E

10 e —— . Hard scale | pgen MEGIC++
ATLAS Physics

_lv, * ALPGEN [Z—*WJ+41_I -~ l l

, ee, o Mett = BT mis +3
* C* I CKKW “family”
MLM “family -Sudakov reweighting

-Event rejection after PS

| & ] "
-Cone or Kt clustering -veto on showers

-Kt clustering

Matching Schemes
A

vl g gl

[ 5LE'NL -35641 f “h l*"‘l Showering | HERWIG | |PYTHIA| | ARIADNE | [SHERPA
1000 2000 4000
M, (GeV)

[Gianotti&M anganoC)OS] systematic comparisons between
different generators, matching

technigques, shower algorithms

For many studies MC known to fail! Please use Matrix Element basedegxtictions!
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adGraph/MadEvent at wo

S. Visscher

With MadGraph/MadEvent and his tools, complete simulation
chain available: from hard scale physics to detector simulation!

@ Can handle tree-level processes with many particles in bnal @ Download the code or web-based generation: three public
states particles clusters: at UCL (http://madgraph.phys.ucl.ac.be), in
P ) _ _ Rome (http://madgraph.roma2.infn.it) and at UIUC
o Keeps full spin correlations / interference (http://madgraph.hep.uiuc.edu).

p P:>150 GeV

in 2HDM, pp — WW~bbbb could be the most interesting
channel to discover the charged higgs!

— tt+0,1,2,3 jets
— tt+0,1 jets
— pythia

_>Needareliabletf—l_o’1’2’3"'jetseventssample! II|IIII|IIII|IIII|IIII|IIII|IIII|III [
4 3 2 -1 0 1 2 3 4 5§

Rapidity of the hardest jet
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pining QCD & EW for CC Drell

e Additive combination of QCD and EWV corrections: A. Vicini

) ccann = 10y 10,0,
dO QCD®EW QCD dO EW dO Born/J HERWIG PS

700
LO HORACE + HERWIG PS

600 MC@NLO

MC@NLO+HORACE
~ 500

(e
£ 400

;2 ~.300

LRI

LO HORACE + HERWG PS ------- E

:
i
|

T IIII|T|'| T IIIII|T|
i-|_|l|_|,| | IIIII|,|,|

e -4
J - [
ettt

70 75 1000 1500 2000 2500 3000
MY (GeV) MY (GeV)

http://www.pv.infn.it/hepcomplex/horace.html
I QCD+EW: additive combination of O(! ;) + QCD PS and of O(«)+ QCD PS

EW corrections are necessary to:
I describe the jacobian peak (<z M, measurement)

| describe the large mass/momentum tails (<Znew boson searches)
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urate predictions for heavy-quark|

Motivation: G. Zanderighi

CDF Runll Preliminary

n

¥5=196TeV, | L~300pb"

=~
n

—=— Data/NLO prediction (CTEQ6M) MidPaint jets, Tmnfﬂ-?' merge =0.75

corrected at hadron level ¥|<0.7

F-%

L
th

excess?

Data { NLO prediction
M
M i X

-
i

—

=
tn

50 100 150 200 250 300 350
P jet [GeVic]

= NLO ) 40-60% uncertainty
—XP errors < TH errors
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urate predictions for heavy-quark

Motivation: G. Zanderighi

CDF Runl! Preliminary Tevatron

5

T T T T T I T
—B— Data/NLO prediction (CTEQEM) MidPoint jets, Ruue=0.7, fma:ga=0'?5 [ MCFEM 1
¥5=1.96 TeV, | L~ 300pb [ ]
corrected at hadron level MC@NLO - - -

|¥|<0.7

4.5

4 Hp=He= P$+n§f2

351 |:| Systematic errors exce S S ?

3 = = NLO uncertainties

Data { NLO prediction

—

(scale p, (lower) and p, / 4 {upper))

25

scale dep.

2

o .
- = o N h~O

1.5

1 ___...r_ e [ ]

channels
o
(@)

L 1 |.--:- | |
250 300

Al e s o e ol Bl N | I I
50 100 150 200

o .

0.5

P jet [GeVic]

= NLO ) 40-60% uncertainty = NLO < LO
—XP errors < TH errors
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rate predictions for heavy-quark

Motivation: G. Zanderighi

CDF Runl! Preliminary Tevatron Tevatron

T T T T T I T
—B— Data/NLO prediction (CTEQEM) MidPoint jets, Ruue=0.7, fma:ga=0'?5 [ MCFEM 1
Y5 = 1.96 TeV, | L~ 300 pb° i
corrected at hadron level MC@NLO - - -

|¥|<0.7

Hp=He= % nﬁfE

D Systematic errors eXC e S S ’?

= = NLO uncertainties

Data { NLO prediction

—

(scale p, (lower) and p, / 4 {upper))

5 |yl| < 07, Rl= 07, UR = Ug = Pt

scale dep.

T I

o .
- = o N h~O

b jets

K factor

channels
o
)]

| I i |
T

50 100 150 200 250 300 350
P jet [GeVic]

L R i '
— 1/2 Pt<MR, MF<2Pt

o .

i s et I

scale dep.
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= NLO ) 40-60% uncertainty = NLO < LO With new Ravour
=XP errors < TH errors jet-algorithm
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rate predictions for heavy-quark

Motivation: G. Zanderighi

CDF Runl! Preliminary Tevatron Tevatron

5

T T T T T I T
—B— Data/NLO prediction (CTEQEM) MidPoint jets, Ruue=0.7, fma:ga=0'?5 [ MCFM ———— ]
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= NLO ) 40-60% uncertainty = NLO < LO With new Ravour
=XP errors < TH errors jet-algorithm

Method needs good understanding of single
and double b-tagging efficiencies.
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ge-jet event-shapes: NLO+NLL+

A. Banb
Event-shapes: hadronization effects give rise to power corrections,

modeled in terms of one universal parameter ao = fit of as-ag
Picture works well, but tested only for two-jet event-shapes.

PPTSL means]
PPTSL dist. ]

DELPHI dist. ]
ALEPH dist.

Select 3-jet events.
Momentum conservation
= 3 jets are almost planar

Define event-shapes measuring the out-of plane radiation:

Thrust minor: D-parameter:
Q! ot = R D1 27det” # 30
h h h

Enh@
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e-jet event-shapes: NLO+NLL

A. Banb

First test of universality of power corrections from 3-jet event-shapes

1.1 T T T T
ALEPH +—+— ] Your= 0.1 ——
NLL+NLO+NP fit —— | 1+ T Yout=005 — |
: ALEPH 2-jet ——

09 r

08 r
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()]
E
©

e}
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0.6

0.5 r

04 r

1 1 1 1 1 1 1 1 03 ! 1 L | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 . 0.095 0.1 0.105 0.11 0.115 0.12 0.125 0.13

D " s(M,)

» D-parameter good fits at the right of the peak (left: shape function?)
» Thrust minor: no fit yet (power corrections from 4-jets?)
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Status of 3-jets at NNLO

A. Gehrmann
Motivation:

® Current error on o5 from jet observables dominated by theoretical uncertainty:
S. Bethke, 2006

as(Mz) = 0.121 £ 0.001(experiment)+0.005(theory)

® theoretical uncertainty largely from missing higher orders

9 NNLO corrections to the 3-Jet rate are needed !

Method: developed antenna subtraction at NNLO

» implementation completed and checked

» first results obtained for NNLO thrust distribution

» ongoing: verification and production of high-precision results
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Status of 3-jets at NNLO

;=1 |Pi - 7 A. Gehrmann
n —
Calculation of NNLO coefficient completed
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» Next: implementation of other evént—shapes and new fits of as
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