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Outline

brief tour of the theoretical framework

single-inclusive pion and jet production:
pQCD expectations; resummations 

towards a global analysis: Mellin technique

Δg revisited: impact of the new data
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I. Brief tour of the 
theoretical framework
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the pQCD approach to hard scattering      

if hardness of probe is large enough (αs(Q) <<1), perturbative QCD
can be used to make quantitative predictions  
(exploiting asymptotic freedom of QCD) Gross, Wilczek; Politzer

starting point: factorization theorem & universality of pdfs
Libby, Sterman; Ellis et al.; Amati et al.; Collins et al.; ...

example : (un)polarized inclusive high-pT pion production
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the pQCD approach (factorized cross section)

in more ‘‘mathematical‘‘ terms:

‘‘features‘‘:

• separation between short- and long-dist. not unique (fact. scheme)
• theory calculation depends on unphysical fact./renorm. scales
• factorized ‘‘picture‘‘ good up to power corrections
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the pQCD approach (scale dependence)
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going beyond the LO is in every aspect  
a major enterprise

... pushes computer algebra programs to their limits
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NLO corrections in a nutshell (to-do list)   
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NLO corrections known in all cases

Jäger,Schäfer, MS,
Vogelsang; de Florian

Jäger,MS,Vogelsang;
Signer et al.

Gordon,Vogelsang;
Contogouris et al.;
Gordon, Coriano

Bojak, MS

Weber; Gehrmann;
Kamal; Smith et al.

Cross sections relevant for RHIC-spin

Δg

Δq
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II. Single-incl. pion & jet production

pQCD expectations & resummations



Dec. 3rd, 2005 Pion & Jet Production @ RHIC and the Extraction of Delta g 11

Unpolarized ‘‘benchmark‘‘ results
important to have an adequate and proven theoretical framework

relevance of unpol. ‘‘benchmark‘‘ results

• demonstrate applicability of pQCD methods 
(or map out the regions where they fail !!)

• measurements at 200 GeV (and 500 GeV) never done before !!
energy dependence of cross sections at a given pT :

(fixed target) → RHIC → SPS → TeVatron → LHC

• valuable source of information about unpol. pdfs and frag. fcts

unpol. measurements should always precede ALL measurements
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so far it works extremely well (down to unexpectedly small pT !!):

PHENIX
STAR

Unpol. ‘‘benchmarks‘‘ @ RHIC: pions

‘05 data up
to 20 GeV !!
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also for prompt photons

PHENIX

Unpol. ‘‘benchmarks‘‘ @ RHIC: photons
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Unpol. ‘‘benchmarks‘‘ @ RHIC: jets

... and jets

STAR

foundation for similar
measurements with polarization
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RHIC spin: inclusive pions (xsec & scale dep.)
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RHIC spin: inclusive pions (ALL)
expectations for spin asymmetry:

based on very different
gluon polarizations Δg

note: ALL positive at small pT (dominance of gg scattering)
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RHIC spin: inclusive pions (small pT region)
one can derive a model-independent lower bound on ALL:

Jäger, Kretzer,
MS, Vogelsang

negative, but tiny lower bound:
ALL = O(-10-4) at pT = 1.5 GeV

Mellin
inverse
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Interlude: resummations           

at partonic threshold: • just enough energy to produce high-pT parton
• ‘‘inhibited‘‘ gluon radiation

IR cancellation leaves large logarithms from soft gluons

as                                   at the kth order:

known that

• resummation of thres. logs worked out for most processes of interest 
• resummed logs  = well defined class of higher-order corrections
• at fixed target energies of much phenomenological relevance

Sterman; Catani, Trentadue; Laenen, Oderda, Sterman;
Catani et al.; Sterman, Vogelsang; Kidonakis, Owens; ...



Dec. 3rd, 2005 Pion & Jet Production @ RHIC and the Extraction of Delta g 19

Interlude: resummations           
what about threshold logarithms at collider energies?

recall: convoluted form of cross section

parton ‘‘luminosity‘‘ = (fa ⊗ fb)(y)

y

threshold regime may play an
important role also at colliders

but:
beware of subleading terms
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Resummation effects at RHIC           de Florian,
Vogelsang

soft gluons reproduce
exact NLO cross sec.

overestimate!

• subleading terms (w.r.t. LL & NLL) important @ RHIC
• NLL result should not be taken too literally (overestimate)
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RHIC spin: inclusive jets          
NLO: de Florian et al. (MC);
Jäger, MS, Vogelsang (analyt., SCA)
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RHIC spin: inclusive jets (xsec & scale dep.)
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expectations for spin asymmetries:

again: no sensitivity to sign
of Δg at small pT

RHIC spin: inclusive jets (ALL)

200 GeV

500 GeV
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III. Towards a global analysis

Mellin technique
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Extraction of spin-dependent pdfs         

d(Δ)σ '

compute as a power
series in αs in pQCD 

extract from e+e- data

measure!

learn about
hadronic/spin structure

the strategy is simple ...
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Extraction of spin-dependent pdfs            

outline of pdf analysis:

objective:

• extract each and every 
aspect of helicity-dep. pdfs

• error estimate on each pdf

run a χ2 minimization procedure to determine pdfs
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pdf analysis: complications  
highly non-trivial exercise:

• recall: pdfs reside inside complicated convolutions

not directly measurable; no 1:1 relation between data and Δf

• all processes should be analyzed in NLO (or beyond):

• less dependent on unphysical scales (i.e. smaller theor. errors)
• NLO corrections are often sizable

• NLO closer to experiment (jet definition, cuts, ...)

• not a priori clear which/where processes can be described by pQCD  
unpol. benchmark measurements !
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pdf analysis: complications & a way out  
main technical challenge of a NLO analysis:

• NLO expressions for most processes are fairly complex
• many different processes needed to pin down all aspects of pdfs
• usual ‘‘K-factor trick‘‘                               often is a bad approximation

computing time for a multi-dim. fit becomes excessive

possible way out: get rid of convolutions         Mellin-N moments
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pdf analysis: Mellin technique  MS, Vogelsang;
see also Kosower; Berger,
Graudenz, Hampel, Vogt
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Mellin technique: accuracy & performance

precision:

64×64 grids do 
a very good job

(example: prompt photons)

performance:
• generation of grids: ∼ 12÷24 hrs/grid; parallelization possible
• after that: 1000 eval. of cross section only take about 10 sec

ideal tool for global analysis
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IV. Δg revisited

impact of the new data
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Δg as of earlier this year ...

• Asymmetry Analysis Collaboration
(Hirai, Kumano, Saito)
(set up like unpol. CTEQ fit)

• Glück, Reya, MS, Vogelsang
(errors set by positivity bound)

• Blümlein & Böttcher
(statistical errors)

unconstrained

analysis of
DIS data

eRHIC
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new data from RHIC: ALL for pions & jets      

STAR
05 results still coming up!

plus: 2-hadrons COMPASS
HERMES

(no NLO available yet!)
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new data from RHIC: implications              
global NLO analysis still ongoing ... MS, Vogelsang

status:  Mellin technique set up for DIS, SIDIS, pions
(many subprocesses for pions → lots of grids; jets much easier!)

extreme, large 
Δg disfavored

very flat χ2 distr.
around zero bad news for anomaly aficionados
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analysis of new data from RHIC: to-do list  

• include STAR jet 05-data once available
(very easy to do in Mellin technique)

• systematically check more sophisticated gluons in the fit
(one or more nodes & non-standard shapes)

(from J. Kiryluk‘s talk at PANIC)

• proper error propagation & error correlations in global analysis
(AAC already embarked on a proper CTEQ-like error analysis)

combined constraint on Δg

how large can Δg be ?
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Δg semantics: what does ‘‘large‘‘ mean?       
we always talk about things like ‘‘large Δg‘‘  - but what does it mean?

we should probably compare
with ½ - the spin of the proton

pion data: -0.5 . Δg(input) . 0.5 

still pretty large!!

‘‘anomaly inspired‘‘ Δg‘s are really large:
Δg(input) & 1

beware of pQCD evolution:  small Δg can turn asymptotically into large Δg 

however, only Jg = Δg + Lg is phys. meaningful
Ji
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Summary

exp. results sensitive to Δg start to emerge 

pQCD calculations will now be challenged by experiment

exciting
so – what can stop us now from making rapid progress ?

more stupid
budget cuts


	Pion & Jet Production @ RHIC�and the Extraction of Dg
	RHIC spin: inclusive pions (xsec & scale dep.)
	RHIC spin: inclusive pions (ALL)
	RHIC spin: inclusive jets          
	Dg as of earlier this year ...

