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Overview w

e Introduction

e Extraction of as from inclusive jets

e Use of PDF's and correlations with data

e Determination of as

e Summary

NRITLE) |

Lars Sonnenschein, RWTH Aachen, Ill A Determination of as in pp collisions at /s = 1.96 TeV 2



Tevatron: pp collisions (1/s = 1.96 TeV) w

e Intial state given by non-perturbative PDF's.
e Determined empirically.
e Q2 evolution according to QCD theory

Partonic final state determined
by convolution of pQCD scatter-
ing amplitudes and PDF's

Cross section for hard scattering of partons can
be calculated via perturbative expansion in QCD:

oo (00) = (2, 36) * f
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Tevatron: pp collisions (1/s = 1.96 TeV) w

pQCD calculations are corrected for non-perturbative
effects of hadronisation and underlying event

Measurements
70

are corrected for
detector effects

Compare measurements and
theory at hadronic final state

R\NTHAL

Utheory(as) = Upert.(as)' Chon-pert.
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Strong coupling a5 in QCD w

» The coupling strength «; is scale dependent, as(uR)
» Its numerical value is not predicted by theory (QCD)
» Renormalisation Group Equation (RGE) predicts pg-dependence

» Measure values in experiment and test RGE compatibility

» For jet production take ug = jet pr

» Values of as(ug) can be compared at common scale

(typically as(Mz)) using RGE, e.g. for 2-loop solution to RGE:

B as(pr)
as(Mz) = 7= as(12r)(bo + bras(pr) M(r/Mz))

(3-loop solution used in this analysis for NLO

. . VAT A N
calculations + 2-loop threshold corrections) Mﬂ@
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Previous status (2008) of s measurements

2008 Review of Particle Physics
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» Large uncertainties associated
with “hadronic jets”

» Previously not very competetive
with other determinations

» Have now the tools to
substantially improve this result

» More and better data

» More precise theory
calculations

VAT A N

(error band includes theoretical uncertainties)
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Hadron momentum fraction x and scale Q2
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» Tevatron jet measurements
cover a wide kinematic
range

» Covers unique regions of
phase space and also
overlaps with other
measurements from ep
collisions

» Data allow precision tests
of pQCD and also an
independent extraction of
alpha strong

WTHAL

Lars Sonnenschein, RWTH Aachen, Il A

Determination of as in pp collisions at /s = 1.96 TeV 7



More precise theory: 2-loop threshold corrections w

Kidonakis, Owens, Phys. Rev. D 63, 054019 (2001)
pp ——>jet +X » Threshold corrections

s'% = 1800 GeV A<lyl<.7 . R
1 . , ' , calculation is rather old
< Do datn » Has been ignored
- - mtgiut;fféi)p(uﬂ;ﬂ) Reduced scale for a long time
8 05 -~ NLO+twoloop (u=2E;) | dependence
£ — -~ NLO(n=2E) » Has only become popular
g (and accessible) since
i ; I E I included in fastNLO
S I —— i}'l N i (arXiv:hep-ph/0609285),
SR B o based on NLOJET+++,
provides fast recalculations
05, 100 200 300 400 500 for arbitrary PDF's
E, (GeV)
NLO and NLO 4+ NNLO calculations for inclusive jet B —
AYA

production at the Tevatron compared to D@ data
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Extraction of a; from inclusive jets

Energy scale uncertainty: 1-2% ! Uncertainties significantly reduced compared

£ oosr - . DoRwm ||q con o — O previous results due to hard work on jet
@ F |
2 0.05- — Total - energy scale
; 0.04 - - Response E
R -.-Sh. i | . o
£ 0os ot 3 » Each data point sensitive to as(p1)
Eoo ‘ : = can verify running
O s £ i » Use combined fit of selected data
: %O 60 100 200 300 Ogn . .
P, (GeV) points to determine as(Myz)
[ D@ Run Il Reone = 0.7 NLO pQCD W, =H_=p, ® Daa v
15E L =0.70 b 7 +non-perturbative corrections _ & Systematic uncenamty’
1 0; [
2 F *
50.5F q E
g <04 04<|y|<08 08<|y|<12
£ L : F< <i<
% =5 NLO scale uncertainty == CTEQS6.5M with uncertainties ’
SL5 _ -- MRST2004 _ .° T !
O EeEs T | easarma— 1 edt
1.0 Copstay 3 “M‘} W
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0.0E, -‘\ N A A N . A N N L3
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T
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Extraction of a; from inclusive jets w

Most precise measurement Upert.(Oés) — (Zn agcn) S fl(Oés) fz(Oés)
of inclusive jet production

S 10E pg Run i o |yl<0.4 (x32) » RGE uniquely relates
9 105 o 0.4<|y|<0.8 (x16) :
g . 08<hI<12 () as(uR) for arbitrary scale
5 0 1.2<|y|<1.6 (x4) Ur to as(Mz)
10 4 1.6<|y|<2.0 (x2)
210 & 2.0<ly|<24 » Express theoretical
S 102E ..
to prediction as

s = 1.96 TeV Otheory (s(Mz)) =

10'E L=0.70 fb? Opert. (as(MZ)) * Chon-pert.

10°¢ Rcone =07

10°s — NLO pQCD » | Contains as dependence

10-47 +non-perturbative corrections B in ME and ImPIICIt Qs
5L CTEQ65M p =p = . )

10_6 ‘ Q o ‘”R He p‘T L dependence in PDF's

10750 60 100 200 300 400 600

p_ (GeV) IWTHAZL
Phys. Rev. Lett. 101, 062001 (2008) '
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Choice of PDF models w

MSTW 2008 NNLO (u.g) PDF fit

Z soof T T T T T 73 » MSTW2008
G - 1 provides PDF fits in
4 400:_ -:xs{H:]:ﬂ.Hﬂ_n_w“ (68% c'L').u.no:u (80% C.L.) _: fine binning Of s

st 5 » Allow for smooth
2003_ B interpolation of
E ] results to arbitrary
100 = as(Mz) values
o A A 1 » NNLO accuracy
I X R X - X T R N
oo (M2
arXiv:0905.3531v2 s(Vy)
Eur.Phys.J.C64:653-680 (2009) TNAFTLEA A
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Minimising correlations between data and PDF'’s

Gluon distribution at Q* = 10° GeV” » Precision Tevatron jet data
G Y : T 7 7 7 3 currently dominate models
3 14l = . .
3 = 3 for gluon densities at high
o P | = .
& .. E momentum fraction x
3 b -
© e 5 » Minimising unknown
[=] = SE e 3 .
; 09 S N TR R correlations between data
0.8 Fit only Run | jets = ! 1t
B ..t Fit COFIT) + D21l jots . and PDF’s by restricting
= OH e Same with «, = x, = P12 RN analysis to kinematic
B fEE SR Fit CDFll(Midpoint) + DZII jets =
B = Fit Run | + CDFIKKT) + DI jets ] phase space where
2 os- : : e
E 0.1 0.2 0.3 04 05 06 07 g.; Tevatron data do not

dominate PDF
determination

A LA AN
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Restricting hadron momentum fraction x

» At leading order, di-jet events access x-values of:

Y Y -y - .
Xa = X752 and xp = x7 542 with x7 = 2’%

» Mapping is less clear in inclusive cross section data
x-value not fully constrained given a measured bin of pr, |y|
Full kinematics unknown since intergated over number of jets

» Constrain momentum fraction (approximately),
treating subleading jets as central |y| = 0:
%= x7 - (el 4+1)/2

» Cut on X to ristrict accessible x-range
Systematics based on variations of cut value v
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Minimising correlations between data and PDF'’s
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o 1.2<|y|<1.6 (x4)
s (
A

1.6<|y|<2.0 (x2)
2.0<ly|<2.4

\s = 1.96 TeV
L=0.70 fb™
Reone = 0.7
— NLO pQCD

+non-perturbative corrections

CTEQGSM u =u_=p,
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a
o
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1OO 200

22 (out of) 110 data points
50 < pr < 145 GeV

> Select points from inclusive
cross section using approximate
mapping having strong
correlation with maximum
momentum fraction x in a
2-hadron collision

> % =x7(elVl +1)/2

> x7 =2pT/\/S

» Require X < 0.15
= Xmax ~ 0.25

VAT A N
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Determination of «. w

» NLO matrix elements for five [ 9s(py) from inclusive jet cross section
i in hadron-induced processes
flavours 02 L
+ additional 2-loop threshold r E ;'éus
corrections (reduced iy I e DO
renormalisation /factorisation \g” 0.15 -
scale dependence) i
01 B aMp=0.1161 50008
» MSTW2008 NNLO PDF's | (D@ combined fif |
(alternatively NLO) ~, 0.14 = -
\2_, 012:, li L#* Al 4 |4 Ll 1LLill
h Tt T ? IR AARARAA
» Extends results from HERA to S 01b. .. L
i 2
higher p1 10 10

» Highest pr measurements of
running s to date
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Determination of «. w

o 40.0041 | a4 (p;) from inclusive jet cross section
aS(MZ) =0.1161 —0.0048 ° in hadron-induced processes
02
€Xp. uncorr. +0.0001 |
+0.0034 2 i
exp. corr. 20,0029 é_
cl/) L
non perturb. correction | +0.0010 01 1
: 10.0012 I ~ +0.0041
PDF uncertainty 00011 L = ay(M,)=0.1161 "5 5043
3 (DY combined fit)
.. +00021 O oo b b e b
u(r, f) variation —0.0029 0 02 04 06 08 1

1/log(p;/GeV)

Consistent with asymptotic freedom S
AYA
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Summary [P 4]

X i . t-decays (N3LO) :-0-4
» o, determined from D@ inclusive B st a
jet cross section Y decays (NLO} b%”_*
» Using theory at NLO plus 2-loop 3:: 11\\‘:1' ey
" S jets (NLO) o
threshold corrections i 7'_ |
eTe” jets & shps (NNLO) ——O+—
» Measured as(pr) supports energy electroweak fits (\3LO)  —o—
dependence predicted by RGE e¥e” jets & shapes (NNLO)  b—o0—
» This is the most precise CDEllets (2091) ]
determination of the strong D@I T —@F—

. Inclusive jets
couplmg constant from a hadron (2009) el S
collider 011 012 0.3
e comparable to ep —jets Modified from arXiv:0908.1135

. =l Eur-Phys.) Cos. esor03.2000  Obs (M)
as(Mz) = 0.116175-0%2 as(Mz) = 0.1189 4 0.0032
. . i AYA
Phys. Rev. D 80, 111107 (2009) HERA jet data combined
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Backup slide w

» MSTW NLO PDF's (21 a5 values)
(NLO pQCD + 2-loop RGE):
as = 0.120219-0072

> MSTW NNLO PDF's (21 s values)
(NLO pQCD + 2-loop threshold corrections + 3-loop RGE):
as = 0.116175-00%

» CTEQ 6.6 NLO PDF's (5 as values)

(NLO pQCD + 2-loop RGE):
Central result changes by only +0.5%

VAT A N
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