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Outline:

Talk will focus on general status & progress of calculations,
rather than on specific predictions for spin asymmetries etc.

e Introduction

* Next-to-leading order
e Resummation

e Power corrections

e Conclusions



I. Introduction



High- pt single-inclusive reactions :

pp — 7X, pp — jetX, pp — 7X,

* the ‘“‘next-simplest’ observables in pp scattering,
after Drell-Yan

* short-distance interaction — perturbation theory

* important tests of QCD hard scattering, need
for higher orders, resummations, power corrections

* important insights into proton structure,
and into formation of hadronic final states

One prime example: pp at RHIC, to measure Ag
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do
Py

dprdn

9

F=v. jet, pion. W, ...

'ilﬁ}‘."

o 1} gPP— FX

dppdn

X

ji,fj’r

Z / drg dxy fo(Ta, 1) fo(zp, @)

abe °

9 I“{ f:T

ab—FX'’

dppdn
4

(;I:(E-E)(E-‘. ;I:!)F’})‘. EJP s ) + P.C.

l— 50 + a.60) + .

(for pions, additional fragmentation functions)

perturb.




Ingredients for theoretical framework:
* parton distributions / fragmentation functions

* higher order QCD corrections

G = 00, + adt + ...
LO NLO

—

* may be particularly sizable in hadronic collisions

* reduction in scale dependence
* NLO = state of the art

* in some cases, all-order resummations of dominant
terms

* idea about power corrections, e.g., if pr not so high



II. NLO - successes and failures



NLO calculations for single-inclusive processes :

Aurenche et al. ; Baer, Ohnemus, Owens ;
PP — f}{X Contogouris et al. ; Gordon, WV ;

Mukherjee, Stratmann, WV

Ellis, Kunszt, Soper; Furman ; Guillet ; ...
De Florian, Frixione, Signer, WV ;
Jager. Stratmann, WV

pp — jet X

Aversa et al.; de Florian;
—~ hX , ,
PP Jager, Schafer, Stratmann, WV
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pp — 71X
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— Why problems in fixed-target regime ?

Why ““near perfect” at colliders ?

—> * higher-order corrections beyond NLO ?

* power corrections ?
(e.g., “intrinsic”> Kkt as a model. Actually tries
to mimic higher orders and power corrections.

There is no unique way of implementing it.
See Murgia’s talk)



III. Resummation



Threshold resummation

Example: prompt photons PP — ";ﬁX

&r = 2PT 4
T ~
VE
3d6-ab gdé\_fgn‘n 9 9
P = T 1 + A as In (1— T)+Blasln(1—mT)
dpr dpr N ,

“threshold” logarithms, associated with soft/coll. gluons



Are these terms relevant ?

d&ab (X?T)

dpL Z/ dp.

T

“parton luminosity” (f, ® fp)(y)

Y



How dominant are they ?
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Large terms may be resummed to all orders in g

Sterman; Catani, Trentadue;

Laenen,Oderda,Sterman;

Catani,Mangano,Nason,Oleari, WV;
Sterman,WV: Kidonakis,Owens

 exponentiation occurs when Mellin moments in %3 are taken

o In?*(1 - %2) — of In**(N)



Leading logarithms oX In**(IN)

_ 1 .
qq — 78 exp (CF + Cr — ECA> s lnz(N)]
TT
—_— A [ 1 CES 2

* these exponents are positive — enhancement

(NLL far more complicated, known:

Laenen, Oderda, Sterman; Catani. Mangano, Nason)



Same for inclusive hadrons pp — 7°X

* expect much larger enhancement !

* important techniques for NLL color exchange : Sen; Kidonakis,
Sterman; Bonciani et al.

* also, use NLO calculation by Jager, Schafer, Stratmann, WV



e What is the general structure ? L = 111(N)
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* Significant reduction in scale dependence !

* resummation compensates soft part of DGLAP evolution

* Effects negligible at collider energies
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(note, the resummation is for rapidity-integrated cross section)
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discrepancies for pion production are strongly reduced

colliders: much smaller effects (but watch out for
subleading terms)

curious situation:

bigger problems between data and NLO for prompt y
however, resummation effects larger for pions !

experimental issues ?

how about power corrections ?



IV. Power Corrections
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* ill-defined because of strong-coupling regime

e singularity in (g reflected in factorial growth of PT series

e — structure of power corrections from resummation ?

2C Q° dk? 2Nk Nk
00 [ ) (o (P0) o (M)

* regime of very low k| :
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e overall powers all even, exponentiating ! Sterman, WV
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e closer analysis shows that there are also effects from
transverse-momentum resummation
connects g1 and g2 to values from kr analysis ?

* for single-inclusive cross sections pp — 7YX
Q < 2pr
1 2pT
N <« XT =
2 Vs
In x%
* then,
N 1

[

@ P In* (4PT)

o qualitatively, for inclusive hadrons, replace pr — pT/z



V. Conclusions



* tremendous success of NLO at collider energies

* at lower energies: resummation appears crucial
large effects for inclusive hadrons
reduction of scale dependence
will be relevant in many situations !

* beginnings of analysis of power corrections implied by
resummation :
energy dependence — smaller effects at colliders

* alot of work remains !
resummation: rapidity dependence
subleading terms
recoil effects at smaller pr
effects on spin asymmetries

power corrections:
full analysis, global fit ?
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Cr

exp [2XA + (1 —2\) In(1 —2))] + ...

mbas(Q?)
+ singular at ) — ; A = e (Q?)bg In(N)
e Mellin contour chosen as Catani,Mangano,Nason, Trentadue
|

e PT series defined in this way has no factorial growth
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recall : ¢g. gg. gq scattering :

et a0 e

e therefore :

e a parabola — with a minimum that is negative, but tiny

p. = 1.5 GeV : AT, =~ —10—4

2

pL =45 GeV : JLIEL ~ —10~"

e can be shown with more rigor Jager Kretzer,Stratmann, WV



Perturbative series :
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