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«* pQCD Concepts

e Infrared safety & asymptotic freedom:
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e Generalization: factorization

. 2 = . L 1
Q Ophys( @ m) = wsp(Q/ 1, as(pt)) ® fup(p, m)+O ( J*’*]

1 = factorization scale; m= IR scale
(m may be perturbative)

— New physics in wsp: fLp “universal”
— Deep-inelastic, pp — QQ .

— Exclusive decays: B — nr

— Exclusive limits: e’¢e= — JJ as mj; — ()

— Exclusive scattering (large t): nm — 7w

.



e FFactorization proofs:
e (1) wsp incoherent with LD dynamics
e (2) mutual incoherence when v = ¢

e All orders in perturbation theory;
all powers Inu/Q

t < s elastic: Sen 1980... Kucs 2002
e An aside:

— Whenever there is factorization, there is
evolution

U= L In r_"l']dw_\‘l;(.;ﬁ}~ )
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— Wherever there is evolution,
there is resummation
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What it gives: inclusive DIS
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What it gives: semi-inclusive ¢ ¢~ annihilation
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Heavy jet distribution at the Z pole. From Korchemsky and Tafat (2000)

® Two dimensional scales: Q = /5 and m,
(p =m3/Q%)

e Resummed PT (NLL in m;/Q) alone not enough:
power corrections in the lighter scale: 1/m/

e How to organize NP corrections starting with
a8 b

e Can we make statements “to all orders” ?



+ Hadron Structure
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e Examples of ‘98-03 “refinements” (vartin 99, Lai 00)

—d/u: CDF W asymmetry and Higher twist
reanalysis of Fém, F?

—d/u from DY

— Dimuons from v scattering (c.f. NuTeV)

® lL.esson:
indirect constraints on PDF’s are tentative

e Issues for global fits
(CTEQ(N= dots 6), MRST2001,2)

— Example of direct photons: potentially non-
perturbative corrections at moderate kp
(E706; controversy)

— Role replaced by Tevatron high-ps jet data

— Still needed: systematic understanding of

differences in higher-order corrections between
processes

— parton distribution uncertainties: statisti-
cal analysis vs role of higher orders & NP

CUI'I'ECtiUnS? (DIS: Alekhin, Botje, Barone et al., Giele & Keller, Global:

Brock et al.Stump et al.,Pumplin ¢f al.)



— CTEQ approach: eigenvectors of error ma-
trix in N-dimensional PDF parameter space
generate “best” set + “cloud” of 2N admis-
sible variant basis sets

From Stump ¢t al. hep-ph/0303013 (JHEDP)
Each line a “basis set”
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«+ Toward a Two-Loop Phenomenology
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e o ~ 1%; scale of NP and “new physics”

e NLO up to four jets eTe™; full NNLO only for
one-scale problems: e"e” total, DIS.

e 2002: O(a,®) for 3-jet amplitudes (carad et )
e Progress toward P(z) tO @2 (Larin, Moch et al,C.F Berger, 2002)

e 2000-2003: Two-loop parton-parton scatter-

ing (Tausk, Smirnov, Bern et al., Anastasiou.Glover ... Tejeda- Yeomans)

e A number of years yet to true NNLO jet cross
sections ...



*» Threshold Resummation for high-p; physics:

® Factorization

[ —

e g Q"
QEUAB—PF(Q) = Ja/A ( Lq }®f.’r BTy J@Wrrﬁ—- F

BT

e Partonic threshold: - — |

® Singular corrections

e Elastic kinematics at = = 1: m?[J;] ~ (1 — 2)s
- - Collimn@ev~
) \\ efFfecive
W, oy
b M \ﬁ% J;,- C. Baver Ef‘d..f‘
e Refactorization — evolution
- resummation ... 2z ! ‘real’; —1 ‘virtual’:
L o4 . A : - .
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= Color Mixing

® Refactorization scale 1/ between ml.J;] and

AN ‘o

® Changes in // — rvmumnutiml. NLL factors

exp /Q,N~ A (ay(m))]

e ([') labels color exchange basis \s: eigenvalues
of color exchange (anom. dim.) matrix ['g

® Example: For g+ g — g+ g

i B L | and 5 perms
| T | Th T..T,, | and 2 perins

® Color mixing governed by a 9x9 matrix
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e Example: g + 7 — g+ ¢ (Kidonaks 98)

I -U
(T 0 0 0 0 0 —x F 0 )
0 U 0 0 0 0 0 % -&
0o 0 T 0 0 I
o 0 0 (T'+U) 0 0 F 0
rg;=“*f" 0o 0 0 0 U 0 o 5 -
0 0 0 0 0 T+U) & 0 %
oo LY F 0 F o 0 0
U T I T
% - 90 -wm 0 o 0 0
Lo %X 0 & G o o o
T&) Ec.f'c:."\r/?cj wla v S
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e Same matrix generates 41— D poles 1n

O(a?) qgg — gg scattering (Gover et al, catani): exp(I (1))

1
196 s = ) ~ (5 +2) s
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* kr-Resummation

e Example: Joint Resummation for Z (1

—

® Double inverse transform

dJI‘ES

AQ2dQ%

:H v & [CdNT .Nfc dﬂbeLQT
Co(@, b, N) Pl N2Q) c.(, b, N)

Ca(@, 6, N, p) = %Ca;;(N yas(w) f5(N, Q/(N + bQ))

N b
_H““\ Qb>0
/ Qb<0
-

e Perturbative exponent

dm?

| | Nm
Eowa(N,b,Q) ~ [o/xviic )2 m—z-flf-;(ﬂz.ﬁ(mJ) ln( ]

@

e Incorporates energy and pr-conservation —
Average p7 function of In(1 — 2)(Q.
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Exclusive Limit

Ke— HResum+power
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e Power corrections: exp[—gb°], g ~ 0.8 GeV?
Kolesza ehal,
; Qiu and Zhang

T
a0 40 Ba
Q-r {G ﬂv}

e PT without cutoff lowers power correction

13



Shape function phenomenology
(e*e =52 |
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# Particle Spectra: Fixed Target vs. Collider
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Data /Theory

Ed%/d’p [pb/GeV?]
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e Self-consistent recoil in Joint Resummation

Laenei, GS, Vooelsang

e Double inverse transform and approximation:
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e Isolate perturbative recoil: NLL in /NV:

d Erecoil(N:r pT) - 6EPT + ) Enp
as(pF/N?) ¢(2)

(5EPT X

T 2
e isolate low scales « strong coupling
; N%  pr
0 Brecoil = PT + Ay — 3 In — N
P

)\bNQQle(fdk k’i"’)

1
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In 27
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: 1 4p%
éErecoil = PT + }\ab 5 1.2 4p2 In PT In T
prIn (—I)

S
e power suppressed in py

e decreases with S at fixed py

e match to large- and small-N behavior
of Bessel functions —
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+ Parton Distribution Uncertainties

The problem in precision QCD
at the Tevatron & LHC

Giele (2001) Pumplin (2001)
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e Inclusive W vs Z cross sections

e The D0 measurement is represented by the
one-standard deviation error ellipse

dom sampling PDF set (using H1, ZEUS and
E665)



PERTURBATIVE QCD
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+ Hadron Structure
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e Examples of ‘98-01 refinements artin 99, Lai 00)

—d/u: CDF W asymmetry and Higher twist
: (D)
reanalysis of 7/, Fl

—d/u from DY

® Lesson:
indirect constraints on PDF’s are tentative

e Issues for global fits
(CTEQ(N= dots 6), MRST2001,2)

— Example of direct photons: potentially non-
perturbative corrections at moderate kyp
(E706; controversy)

— Role replaced by Tevatron high-pr jet data

— Needed: systematic understanding of dif-
ferences in higher-order corrections between
processes

— parton distribution uncertainties: statisti-
cal analysis vs role of higher orders & NP
corrections? (Giele 98, Brock 00)
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