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Parton distribution functions in 2009
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Parton distribution functions f,/,(z, Q)...
Bl ...are universal nonperturbative functions needed for many
perturbative QCD calculations
M ... are parametrized as

fisp(w, Qo) = apz™ (1 — x)*? F(a3, as, ...) At Qo ~ 1 GeV

H ... are found from Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
(DGLAP) equations at Q > Qq:

DY /dypw (£.0@) £l @)

j=g,u,i,d,d,..
with P;,; known to order a3 (NNLO):

Pys (@:0) = asP))w) + 2P @) + 0P (@) +
B Free parameters a; and their uncertainties are determined

from a global fit to hadron scattering data
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Parton distributions for the Large Hadron Collider

PDF’s must be deftermined in a

wide (z, Q) range with accuracy ¢

~ 1% for purposes of...

B monitoring of the LHC
luminosity, calibration of
detectors 0

B tests of electroweak symmetry

3
breaking (EWSB) S
o

B searches for Higgs bosons, 10

supersymmetry, etc

B discrimination between new
physics models
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Key Tevatron/LHC measurements require trustworthy PDFs

For example, leading syst. uncertainties in tests of electroweak
symmetry breaking are due to insufficiently known PDFs

EW precision fits EW fits + direct Higgs searches
6 o m,, . =154 GeV. I e e e e B e
| gy A 80.70 |- €xperimental errors 68% CL: 7
Aa® = L LEP2/Tevatron (today) ]
5 | had a L ]
—0.02758+0.00035 L Tevatron/LHC ]
1 -+ 0.02749+0.00012 80.60 7
4 ++ incl. low Q? data B r |
o 3 sosol 3
0] L H
5 31 1 |
] s i |
80.40 1
27 . i
1 | 8030 | M
a SM 1
, 2 A MSSM ]
0 Excluded A Preliminary 80202* both models [T ]
30 160 300 ’ | He\‘nemeyer, HcHlk,‘Smckmgev, Web‘ev, Weiglein '077]
160 165 170 175 180 185
my, [GeV] m, [GeV]
SMband: 114 < My < 400 GeV
Alarge part of § M gy arises from 6 p p p My SUSY band: random scan
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Origin of differences between PDF sets

1. Corrections of wrong or outdated assumptions

lead to significant differences between new (~post-2007) and
old (=~pre-2007) PDF sets

B inclusion of (N)NLO QCD, heavy-quark hard scattering
contributions

» CTEQO6.6 and MSTW’2008 PDFs implement complete
heavy-quark treatment; previous PDFs are obsolete without it

» "NNLO” contributions are not automatically equivalent to
better theory; to claim that, instabilities at small = or near
heavy-quark thresholds must be also “tamed”

B relaxation of ad hoc constraints on PDF parametrizations

B improved numerical approximations

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 9
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Origin of differences between PDF sets

2. PDF uncertainty

a range of allowed PDF shapes for plausible input assumptions,
partly reflected by the PDF error band

is associated with
B the choice of fitted experiments
B experimental errors propagated into PDF’s
B handling of inconsistencies between experiments

B choice of factorization scales, parametrizations for PDF’s,
higher-twist terms, nuclear effects....

leads to non-negligible differences between the newest PDF sefs

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 9
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Nucleon PDFs: selection of experimental data
DIS-based analyses = focus on the most precise (HERA DIS) data

B NCDIS, CC DIS, NC DIS jet, c and b production 1, zeus, HERAPDF,

B some fixed-target DIS and Drell-Yan data, compatible with HERA
DIS at Ax? = 1 level . aeknin

Global analyses (CT09, msrw:200s, nneori.1)
= focus on completeness, reliable flavor decomposition

B all HERA data + fixed-target DIS data
» notably, CCFR and NuTeV v N DIS constraining s(z, Q)

B low-Q Drell-Yan (E605, E866), Run-1 W lepton asymmetry,
Run-2 Z rapidity oy, mstw0s, upcoming NNPDF2.0)

B Tevatfron Run-2 jet production, W asymmetry ccroy, mswos)

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 10



Confidence intervails in global PDF analyses

CTEQS6 tolerance criterion (2001)

B acceptable values of PDF parameters must agree at ~90% c.I.
with all experiments included in the fit, for a plausible range of
theoretical assumptions

W is realized by accepting all PDF fits with Ay? < T2 ~ 100
B this criterion is modified in the new CT09 fit cumpiin et o, arxiv:0904.2424)
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-
Confidence intervails in global PDF analyses

MSTW tolerance criterion (2008)
B an evolved version of the original tolerance criterion
W 77 is calculated independently for each PDF eigenvector

M is close on average to 77 ~ 50 (but for which assumptions?)
MSTW 2008 NLO PDF fit

20

2
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-
Confidence intervails in global PDF analyses

Neural Network PDF

A very general approach that
2
X1 B realizes stochastic sampling of
the probability distribution in
Average PDF parameter space

PDF (Alekhin; Giele, Keller, Kosower)

| |Unweighted B parametrizes PDF’s by flexible
.« / PDFs neural networks

- B does not rely on smoothness
a; of x? or Gaussian
approximations

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 1K)



High Precision PDFs from Combined
HERA | Data and the LHC

S. Magill and R. Yoshida, ANL
ANL-IIT Theory Institute
21 May, 2009




New HERA | combined data and PDF

+ Combine the measured H1 and ZEUS cross sections. Double statistics
and take advantage of complementary measurement techniques which
result in reduced systematic uncertainties. No physics or model
assumptions are made in the combination.

4 H1 and ZEUS Combined PDF Fit
% The averaging method includes * =10 Gev?
uncertainties related to the averaging . RT—— H
procedure itself as well as full B . uncert.
systematic error correlations. g -

[ parametrization uncert.
06

«» The combined HERA-I cross

04

sections are used as the sole input in a g (<0.05) o,
QCD analysis to extract new proton
PDFs: 02r

xS (x 0.05)

= HERAPDFO0.2

. . .
HERA Structure Functions Working Group

10* 107 107 10"

’ Final HERA | PDF: low x part has final HERA precision X

-




0.056eV2<Q2<1056GeV2 105 x<0.65

716 data points each from ZEUS and H1

Fit for data points (716 of them)

And j systematic uncertainties

Ke J 2
N mie_ui_Zﬁje’_rje Ke
2duhih=Y (Y

i=1 (o j=1

1

m; = measured cross sectionin bini by exp e
= true cross section in bin i
o, = statistical uncertainty in bini by expe
B, = correlated syst.unc. inbini byexp e
Sy~ N(,])
(Multiplicative uncertainties are handled differently—see backu%)



Averaged Cross Sections

X?/ndf = 699/716 H1 and ZEUS Combined Data
"&2! 14 x=0.002 | 3,}
= T )
g ® HERAINCep (prel)
e | L .
Sample of NC e*p data 12 i o ZEUS
showing the ZEUS and H1 hia o Hl

data and the combined
data as a result of the
averaging procedure

Dramatic improvement.
Systematic uncertainties o :
cancel between experiments Q@1 GeV?

April 2009

HERA Structure Functions Working Group



HERAPDFO0.2

- Red: experimental uncertainties
= > model uncertainties
= Green: pdf parametrization uncertainties

Observations:
=- High-x and valence are mostly
affected by the PDF
parametrisation
* The procedure to estimate PDF

parametrisation uncertainty
addresses the high-x region

> Low-x region interesting to
investigate

xf

H1 and ZEUS Combined PDT Fit
T

0.8 -

0.6 -

0.4

02-

| xg (% 0.08)

xS (¥ 0.05)

3

Q'=10 GeV?

—— HERAPDF0.2 (prel.)

B exp. uncert,

model uncert.

- parametrization uncerl,

xu,

jUR

w!

April 2000

HERA Sll"umm- Funetions Working Group



QCD Analysis Model Framework

Ll Calculations in Heavy Flavour scheme (Thorne-Roberts Variable Flavour Number Scheme)
=- An improved theoretical treatment of heavy quarks that takes the quark masses into account

L] NLO predictions using DGLAP evelution equations
= QCDNUM17.02 (M. Bolje): quicker, more accurate at high-x and can do NNLO fits

=  Starting scale Q2 < M2 Q2 = 1.9 Gel?
= |mplies new starting sea fractions

Differences between HERAPDFO0.1 (DIS 2008) and HERAPDF0.2:

[ HERAPDF0.1 | HERAPDF0.2 |
Scheme ZM-VFNS TR-VFNS
Evolution QCDNUMI16.12  QCDNUM17.02
Order NLO NLO
Q? 4 GeV? 1.9 GeV?
f. —s/D 0.33 0.31
f. =c/U 0.15 0.00
' Renorm. and Fact. scales Q° Q?
Q.. 3.5 GeV: 3.5 GeV?
as(Mg) 0.1176 0.1176
M, 1.4 GeV 1.4 GeV
M, 4.75 GeV 4.75 GeV

Fit for PDFs: gluon, Uyal,dve, U =T+ 6D =d+5+b



PDF Parametrisation

= A generic functional form has been considered:
Xf(x, Q 2)=AxB(1-x)°(1+Dx+Ex?)
=- G parameters are fixed by the model assumptions
= The optimum number of parameters are chosen by saturation of the 2
(i.e. only parameters that significantly contribute to yZare let to vary)
=  This results in 10 free parameters for the central fit (*/dof=576/592)
> AllPDFs=0

= Valence not too low compared to sea distribution at high x
= Fit is stable with respect to the error treatment (correlations)

[PDF | A [ B C | D [ E
xg | sum rule FIT FIT - -
Xlyat sum rule FIT | FIT | FIT for HERAPDFO.1 | FIT
Xdyar sum rule =B, | FIT - -
xIJ limg o U/D — 1 FIT FIT - -
xD FIT =By | IFIT - -
=  Remark:

»  For HERAPDFO.1 the optimal parametrisation consisted of 11 free parameters
0 Include Du,

wal



HERAPDFO0.2 vs CTEQ/MSTW

We compare HERAPDFO.2 to the global fits (at 66% CL)
=- The new combined HERA-I| data provides a strong constraint on PDFs
CTEQ6.6

08

[E]

Rz (<005)

Q=10 GeV?

| HERAPDFO.2(prel.)

(exp+model+param)
B CIEQ6.668% CL f‘ “"‘f\

w

MSTWO8

Q=10 GeV?

08

0 F8(<005) e peRAPDFD 20prel)

(exp+rmodel-param)
06
I MSTWOR 68% CL
04 -
L xS (x 0.05)
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_________________________________________
Effect on 1W/Z ratio at the LHC

W and Z rapidity distributions

4 - ar

° Predictions for

W and Z rapidity distributions

Predictions for

‘a ’ WZ prodn from Sul 7 WZ prodn from
ul/ \| including HERA -/ \ HERAPDFO.1
A~ datain PDF fit AF after ‘smart’ data
o B it + before ‘smart’ ‘653 combination
data
combination

W and Z rapidity distributions

Experimental uncertainties are
becoming so small that model
dependence assumes greater
importance- here add model
errors to HERAPDFO0.1 from
input assumptions to PDF fitting

A. Cooper-Sarkar, Workshop on early LHC data, London, March 2009

Pavel Nadolsky (SM
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Effect on 1W/Z ratio at the LHC

Compare HERAPDF to CTEQ6.6 and MSTWO08 for W/Z predictions for 10TeV

‘W and Z rapidity distributions

¥ i

ol o)

= HERAPDF0.1
N with 68%CL
m uncertainty

4 1 bands

. rmm—. |

The new HERA combined data
reduce the uncertainty in the central
region- should be fed into
CTEQ/MSTW fits

W and Z rapidity distributions

i /—E\ i
o) of
: ETEQ6.6 with
8% CL
u “ncertainty
‘E bands
o mmm-s
£=3)
.ﬂ
B [MISTWO8 with
e 68% CL
v uncertainty
=L

Pavel Nadolsky (SM

ANL/IIT workshop, Chicago



HERAPDFO0.2: summary

All H1 and ZEUS NC and CC measurements from HERA | have
been combined.

A remarkable cancellation of systematic uncertainties take place
between H1 and ZEUS data.

The precision at low-x is ~1% and is very likely the ultimate
precision from HERA in this kinematic region.

A new QCD fit (HERAPDFO0.2) has been made with the new
combined data. It has higher precision than the previously released
combined fit.

The W cross-section prediction for LHC using the HERA PDFs will
be better than 3%.

HERA plans further combinations of their cross-section results.
These include

— HERA Il polarized CC and NC cross-sections: these will impact the high
X region.

— Heavy flavor cross-sections, in particular charm.

End of HERAPDF part 11



e
HERAPDF vs. the other PDF sets

B The H1+ZEUS sample has a much smaller systematical
uncertainty than the H1 and ZEUS samples individually

B Nominally, very small uncertainty compared to
CTEQ-MSTW-NNPDF!

However:

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 25



e
HERAPDF vs. the other PDF sets

B The HT+ZEUS sample has a much smaller systematical
uncertainty than the H1 and ZEUS samples individually

B Nominally, very small uncertainty compared to
CTEQ-MSTW-NNPDF!

B However:
» insufficient PDF flavor separation (neutral-current DIS probes
only 4/9 (u+a+c+¢) +1/9(d+d+s+35))

» very rigid PDF parametrizations = less flexibility to probe all
allowed PDF behavior, notably at small =

» typical gluon forms, e.g., g(=, Qo) = Az®(1 — 2)¢ (1 + Dx), are
ruled out by the Tevatron jet data eumpiin et ai., arxiv:0904.2424)

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 25



NNPDF1.1 vs. other PDFs at Q = \/§ GeV wxvosise

[ZISE)
MRST2001E

NNPDFL.0

I NNPDF1.1

CTEQ6.6
MRST2001E

NNPDF1.0

0 NNPDF1.1

)

X9 (x, Q

Atz <1073, gluon g, strangeness
s+ = (s +5) /2, and singlet
FZIcTEQ6.6 -
[msrooone = Zi I(Qi + Qi) PDFs are poorly
—meoris constrained;

@ Q)

determined by a “theoretically
motivated” functional form in
CTEQ/MSTW, flexible neural net in
. NNPDF; ¢, s, can be < 0!

Pavel Nadolsky (Sl ANL/IIT workshop, Chicago 05/21/09 26



Strangeness and ¢, /oy, at the LHC

Correlation

Correlation between oz/ow: (LHC) and f(x,Q=85. GeV)

—_——~ .
e \ 9
/ - - 3
0]~ \ ==
-~ \ ==
\ — b
0 o\ X—*M/‘
7 RS
=" P .
7 ,// P
-05 L
-1
10°10% 1073 0.010.02 0.05 0.1 0.2 05 0.7

X

The PDF uncertainty in

oz /ow is mostly driven by
s(z, Q); increases by a factor
of 3 compared to CTEQ6. 1
as a result of free
strangeness in CTEQ6.6

a stumbling block in the precision measurement of W boson
mass My, at the LHC

Pavel Nadolsky (SMU)

ANL/IIT workshop, Chicago 05/21/09 27
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Correlation analysis for collider observables

(J. Pumplin et al., PRD 65, 014013 (2002); PN. and Z. Sullivan, hep-ph/0110378)

A technigue based on the Hessian method

For 2N PDF eigensets and two cross sections X and Y':

cos p — ( x4 Xf_)) (Yi(” N Yi(_))

4AX AY Z

Xx*) are maximal (minimal) values of X, tolerated along the i-th PDF

eigenvector direction; N = 22 for the CTEQ06.6 set

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 28



Correlation angle ¢

Determines the parametric form of the X — Y correlation ellipse
X = Xo+ AXcosf
Y = Yo+ AY cos(d + )

Xo, Yo best-fit
values

w AX, AY: PDF errors

cos p ~
Y t,
/h
5X \\/ 5X 65X
|
|

tight
loose

cosp ~ +1:

constfraintfs on Y
cosp ~0:

Measurement of X imposes

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 29



Strangeness and ¢, /oy, at the LHC

Correlation

Correlation between oz/ow: (LHC) and f(x,Q=85. GeV)
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The PDF uncertainty in

oz /ow is mostly driven by
s(z, Q); increases by a factor
of 3 compared to CTEQ6. 1
as a result of free
strangeness in CTEQ6.6

a stumbling block in the precision measurement of W boson
mass My, at the LHC

Pavel Nadolsky (SMU)
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cos ¢ for various NLO Higgs production
cross sections in SM and MSSM

Correlation with pp — ZX (solid), pp — tt (dashes), pp — ZX (dots)
LHC X-section: A gg — h® ¥ bb— h® +5c+bc— ht O WHhO hO via WW fusion

Q — p—p———
= 1 Fwt.w-:z ook A
) |
(@] -
8 B O I -t
S - ®\ Xt-channel smg\etop{z'/ /’/ ,<+"’//
— | ~J /,,f /,/ == o
BO05 -
GJ \\\\ ) e
g :.Z (Tev 2) ZKN-I\C\)‘(;// -
(@) |
o
B X
| 1
| & )
| _ t-channel single top: ¢
-
-0.5]
_7\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\\\\

100 150 200 250 300 350 400 450 500

Particle mass (GeV
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Correlations between do(pp — Z°X)/dy and PDF’s

cos  between do(pp — Z°X)/dy at the LHC (/s = 10 TeV)
and PDFs f(z,Q = 85 GeV)

y=0.05
Notice the
i change in
] sensitivity to
. : parton flavors and

- y=3.85 I
L = the shift in the

/1 most relevant z
=4 1 range

Correlation: cosi¢)

ANL/IIT workshop, Chicago 05/21/09 32
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Toward CT09 PDF analysis

B An update of CTEQO6.6 study ero 7s, 013004 2008))
B New experimental data in the fit
» CDF Run-2 and DO Run-2 inclusive jet production
& preliminarily explored in u. rumplin et al., arXiv:0904.0424; BN., in preparation

» CDF Run-2 lepton asymmetry
» CDF Z rapidity distribution

» low-Q Drell-Yan pr (E288, E605, R209) and Tevatron Run-1,
Run-2 Z pr distributions

B updated procedure for PDF error estimates

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 58



Inclusive jet production in Tevatron Run-2

FDBRUNII  Repe=0.7 NLO pQCD 1 =p_=p, o Daa _
15F L =0.70 fb! = +non-perturbative corrections _ Systematic uncerlamly’ E
[ asmosswryiniarys - Cesw sm
1.0 === ey sy — T s | .
o F - sy B DO Coll., arXiv:0802.2400
So.sF + Q + 1 (700 pb~1); COF results (1.13 fo—1)
2 Fyl<04 04<l|y|<0.8 08<|y|<1.2
Z T PO N SSSSSSYENNSINY N S A
% === NLO scale uncertainty == CTEQS6.5M with uncertainties / . (AImOST)
o15f L. F - MRsT2004 7 T 3 |. .bl
R 4 i negligiole
ost I + : statistical error
1.2<]y|<16 1.6<ly|<2.0 20<ly|<24
0.0Ecoryy N AR /R ) h PR TR ) h PR
50 100 200 300 50 100 200 300 50 100 200 300 pT(GeV)

B MidCone/ky algorithm samples, corrected to parton level

B DO paper:
» “There is a tendency for the data to be lower than the central

CTEQ prediction...”
» "..but they lie mostly within the CTEQ uncertainty band”

B non-negligible effect on the CTEQ gluon PDF?

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 34
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Impact of Run-2 jet data on CT09 fit

B CT09 fit includes all four Run-1 and Run-2 jet data samples

B Excellent quality of the fit: x? = 2756 for 2898 data points

,,,,,,,,,,,,
aaaaaaaa

AN 1 I RS (Shifted CDF-Run 2
‘ , . data)/CT09

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 85]



Impact of Run-2 jet data on CT09 fit

B CT09 fit includes all four Run-1 and Run-2 jet data samples

B Excellent quality of the fit: x? = 2756 for 2898 data points

DO Run-2

DO Run-2
0.0<ly] <04 04<ly|<08
= éﬂ} T
"
o) " PLGo)
DO Run-2 DO Run-2
08<lyl<12 T2<li<ts
R }
I —t i
:
P, (GeV) (GeV)
DO Run-2 DO Run-2
16<lyl <20 20<ly|<24
Inliﬂlhw
[REAER SR Tj
P, (6o

Pavel Nadolsky (SMU)

ANL/IIT workshop, Chicago

Shifted DO-Run 2

. data)/CT09
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-
CT109 and CTEQ6.6 are generally compatible

0.004

0.003f 4

0.10 §
E E V.48
= =0.002 [
« 1« e
N | N e

0.05 [

0.001
FoYe ] PSP AU B I 0.000 L

Gluon PDF: CTQ9 (red), CT66 (blue)

CT09 PDF uncertainty is about the same as CTé66 (compensation
between the Run-2 jet constraints and more flexible g(z, 1))

05/21/09 36
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CT09 gluon vs. CT66 and MSTW’08 NLO

Ratio to CTEQ6.6

Ratio to CTEQ6.6

g at Q=2. GeV
PRELIMINARY

Gluon at Q%= 10° (;ev2

Blue: CTEQ6.6
1.4 Green: CT09
Red: MSTW'08 NLO

1.2

0.8

0.6

=== MRST 2004 NLO
‘== CTEQ6.6 NLO

— MSW;OOB NLO (pr;al.) | i N
—— MRST 2001 NLO

gLl il

105104 102 0.010.02 0.05 0.1
x

g at Q-85. GeV
PRELIMINARY

0.2

Ratio to MSTW 2008 NLO (prel.)

90 02 03 04 05 06 X

Blue: CTEQ6.6
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Red: MSTW'08 NLO
1.2
1

0.8

0.6

o Run Il jet data prefer smaller gluon distribution at high x.
G. Watt, 2008

()
Not really supported by CT09

10-°107* 1072 0.010.02 0.05 0.1
x

0.2

analysis

Pavel Nadolsky (SMU)

ANL/IIT workshop, Chicago 05/21/09 &7



.
Constraints of Run-2 datq on CT09 PDFs

0.20

0.15 [

0.05

0.00 —-

| T T T T
w= 1.30

[T T
GeV .-

O

0.4 0.6 0.8

X
Run-2 data impose tangible constraints
on the allowed range of g(z, i)

Black band: g(z, i)
from CTO9 fit

Red band: The same
fit without Run-2 jet
data

This band is wider than
CT66 because of
additional free
parameters

05/21/09 38
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Self-consistency of CTQ9 fit

1. Are the Run-2 jet data consistent with

theory?
1.1 Are the PDF parametrizations too
Are there tensions flexible/too rigid?
in the fit?

2. Are the new data consistent with other
experiments?

3. Are the new data consistent with one
another?
J. Pumplin et al. (arXiv:0904.2424) find that

B individual data sets, and data and theory are generally
consistent with one another

B abnormalities exist in the agreement of DO Run-1 set with
other data sets

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 39



Correlated systematic errors (CSE) in jet production
P. Nadolsky, in preparation

CSE for inclusive jets are important. PDF errors are
underestimated without them. CTEQ takes them into account
since 2000. CSE are provided in two forms:

1. N, x N, correlation matrix g, for NV, random systematic
parameters A,

. Not Na 2N ,
D, are T}, are data and theory
s IS the stat.+syst. uncorrelated error

2. N, x N, covariance matrix C' = I + 37

= >  (D-1)'CcHD-T)
e={expt.}

Pavel Nadolsky (SMU)

ANL/IIT workshop, Chicago

05/21/09 40
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Comparison of CSE’s for four jet experiments

B ;5 (used by CDF Run-1 and 2, DO Run-2) has several practical
advantages compared to C' (used by DO Run-1)

B Plausibility of g can be checked by the principal component
analysis (PCA) of 3

» Typically only ~ N, /2 combinations of )\, (found by PCA) are
relevant for x?; rank (887 ] ~ N, /2 < Ny,

B Cisalarge (V) x Ny) matrix provided as a “black box”;
plausibility of C'is harder to verify. C' provided by DO Run-1
has irregularities revealed by PCA

» rank[C —I] =rank [347] ~ N, = 90 - too large

B This suggests that DO Run-1 CSE’s are overestimated; may
explain consistently small XzDO RuUN-1 /Nyt ~ 0.3 in fits, other

peculiarities of DO Run-1 data observed in the weight scan

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 41
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CDF and DO Run-2 W asymmetry A,(y)

New CDF and DO Run-2 W lepton asymmetry (in bins of electron
pre ANd 7.) ; probes u/d in a range of large x values

We find that CDF and DO A,(y)
data disagree in a similar
kinematical range (confirming a
similar MSTW finding)

CDF Run-2 A,(y) agrees ok with
the other data
Correlation of 4,(y) in different CT09 includes only CDF Run-2

7. bins (pr. > 35 GeV) with
’U,(.Z')/d($) (H. Schellman) Aé(y)

Asym-u/d correlation

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 42



- ________________________________________
A preliminary fit to CDF and DO A,(y)

W-Lepton Asymmetry [Ratio* = (DatAsy-0.5)/(ThyAsy-0.5)]
12 .

RUN I: CDF W-lepton Asym R
Pull of CDF and DO data on best-fit W asymmetry RUN II: DO W-lepton Asyim FRNVa.

H.-L. Lai, 2009
VERY PRELIMINARY

X

Ratio* to vn04
T

095

IR

—epmmo-

09

0.8 .
0.1 1

X = mul(s)"”2 * exply)

Pavel Nadolsky (SM! ANL/IIT workshop, Chicago



Role of heavy flavors in PDF analyses

General-mass (GM) scheme(s), currently adopted by CTEQ, MSTW and
HERA analyses, strive to provide consistent description of ¢, b scattering
both near heavy-quark thresholds and away from them

IN 2006 (creas.5, hep-ph/os11259, it was redlized that the GM (and not zero-mass)
freatment of ¢, b mass terms in DIS is essential for predicting
precision W, Z, cross sections at the LHC

0.08 T W* & Z cross sections at the LHC
007 | x=005 12=Q 4 m? 4 215 NNLL-NLO ResBos
51 x=x(1+4 m*/ Q%)
006 [ 4 24
= CTEQ6.6 (GM)
I
005 [ <205
=)
004 [ 1 F 2
&
IS
003 | 1 2195
g CTEQ6.1 (ZM)
002 | y B a8
/
S
001 F Lo ]
1.85
0 - N 185 19 195 20 205 21 215 22
1 10 107 Q*/Gev: 107 Tot(PP=(W*>£»)X) (nb)

Pavel Nadolsky (S ANL/IIT workshop, Chicago 05/21/09 44



Role of heavy flavors in PDF analyses

At NLO, the dominant mass effect is mostly kinematical; propa-
gates from DIS intfo W, Z cross sections through changes in u(x),
d(x)

Thorne and Tung (arXiv:0809.0714): can this kinematical effect be
approximately infroduced in the widely used ZM scheme, while pre-
serving ZM hard cross sections?

0.08 : W* & Z cross sections at the LHC
007 £ x=0.05 W=Q+4 m* 3 215{ NNLL-NLO ResBos
B x=x(1+4 m*/ Q%)
006 [ 1 21
5 CTEQS6.6 (GM)
Al
005 | s o € 205
S ® -0 X
e R o <
004 | 3. & 1 F 2
o o \d‘o“ Y;o 4%
a e ,‘Ne ‘655\ & B 12
00 N » --10% £195
® S, & CTEQ6.1 (ZM)
002 [ W 1 1o
L/
001 [ 7 o7 1
. 185
o e ; o~ N 185 19 195 20 205 21 215 22
1 10 107 Q*/Gev: 107 Tiot(PP= (W £»)X) (nb)

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 44
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Kinematically improved ZM schemes

At NLO, such schemes were indeed developed
(R N., Tung, arXiv:0903:2667)

They depend on a free parameter \, funed to approximate
either a ZM DIS cross section or a GM DIS cross section

NLO W* & Z cross sections at the LHC

2.20|

They can be viewed either 215 -

7 WM
2.10

B as improved ZM formulations with
realistic ¢, b kinematics; or

CTEQ6.6-~ .
"

- A
2.05 o .

2.00

PP - (Z°0X) (nb)

B os simplified GM formulations with o
approximate ZM hard

cross sections

wZMO

1.90
20.0 20.5 21.0 215 220 225 23.0
TP — (W*=)X) (nb)

We propose to call them “intermediate-mass (IM) schemes”

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 45
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Generalized rescaling variable ¢

Realistic GM behavior of PDF’s is reproduced by a generalized
rescaling variable (()\):

$:C/<1+CAMJ%/Q2),wi’rhOg)\gl e
Q?[ ¢=xacor (A=0) .
>(—>103W_>M]% f os §
>/\:01CEX:.%(H—MJ%/Qz)—The g .
ACOT-y variable — ~ 5
» \ > 1: ¢ ~ x (no rescaling) 7 oo

> ( ~xfor Q* > M; "
ZM fits with A ~ 0.15 closely reproduce GM results

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 46
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PDF reweighting in Monte-Carlo integration

if x*) and ax2 =3V, <X¢(+) - XZ.(_)) 2/4 are computed in
2N = 44 independent Monte-Carlo runs with N events each,
their resulting estimates are given by

X = x® 450 x4 2 and
i N /2

Axi=! f: (X -xO) 2o axzy £
4 < 2 7 Nl/z
i=1
5*) is @ random MC error dependent on the input PDF, arising,

(2

e.g., from importance sampling

As a result of the PDF dependence of Sgi), the error AX~ — AX? s
increased by a factor N ~ 22

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 47
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PDF reweighting in Monte-Carlo integration

B PDF reweighting generates the same sequence of events to
compute each of 2N cross sections
» all Sgi) are the same
> AX = AX?
B In multi-loop calculations, PDF reweighting saves CPU time

drastically by reducing slow computations of hard-scattering
matrix elements

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 47
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FROOT: « simple interface for Monte-Carlo PDF reweighting

B Written in C, can be linked to standalone FORTRAN/C/C++
programs
B Simple — 170 lines of the code

B Writes the output directly info a ROOT ntuple; no need in
infermediate PAW ntuples

B Flexible; new columns (branches) with PDF weights or events
can be added into an existing nfuple

B Kinematical cuts, selection conditions can be imposed a
posteriori in inferactive or batch ROOT sessions

B implemented in MCFM, ResBos; additional libraries for ROOT
analysis of reweighted ntuples are on the way

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 48
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FROOT: « simple interface for Monte-Carlo PDF reweighting

pp - (Z° - €' €) X, VS=1.96 TeV

105

I o(Eigenset 1)
1.04 — mfor 900,000 ResBos events
103 |

/7 These are the C functions accessible from Fortran.

extern "C" {
//Tnitialization of the ROOT file
void initrootnt (const char *title, const| char *access, int Lltitle, int laccess);
void reinitrootnt_(const char *access, int laccess);
void addntbranch_(float *element, const char *chtag, int ltag);
void fillntbranch_(const char *chtag, int ltag);
int getnumbranches_();
void rootntoutp_();
void printnt_();
void teststr_(const char *str, int lstr);

}//extern "C"

— Reweighted
rrrrr Not reweighted

097

0.96

0.95 T I T S I S i
-3 -2 1 0 1 2 3
Yz

Pavel Nadolsky (SM! IIT workshop, Chicago
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Other ongoing work

B Combined fit of PDF’s and Drell-Yan pr distributions
B PDF's for leading-order Monte-Carlo programs

B consistency and implementation of heavy-flavor
contributions in the global fit at NNLO

B consfraints on new physics (strongly interacting
superpartners, etc.)

B public C++/ROOQCT libraries for PDF reweighting for (N)/NLO
calculations and efficient error analysis

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 49
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Gluon Evolution

Q=2Gev: | % Q7 =10 GeV? Q¥ =1000 GeV?

waE M
7

w1

s BO

Near the starting scale gluon is valence like =100 Gev*|
=- The model uncertainties are large in low x region i:
> Mostly due to Q2 variations "

=> The PDF param. uncertainty dominates high x o |
02

Impressive precision at higher Q2 mnl R, =_ I!



Parton densities from combined data

= Without HERA Data HERA | data (one experiment) HERA | combined
2 ; 4
= EL : 2
F A = 3 B N IFE eemeaa ===y 1 : F r
i o ) ro—— X i
8 17 A {: 1F/ HERAPDFO.1  \]
J \
01. s :/1 \:’ 0s 0s :
= ;
Ilg ——— - E| d ﬁ! E
ol 3 oE - == = 3 B A _
220% 3£10% F10%D f——— SR =
Di, I P | s
R EET TR rE ey e T T
W rapidity W rapidity W rapidity

only the fit uncertainty shown here,
na model variations

A test on a standard candle process at LHC

HERA PDFs 0.1 available in LHAPDF

HERAPDFO0.2 has factor of 2 smaller uncertainty than 0.1 (more data) at lowjx
Available soon in LHAPDF




How do the systematics cancel??

Systematics correlated across the kinematic plane,
but uncorrelated between experiments cancel.

Hadron measurement:
minimize the influence
of loss in the beampipe

Use: Z(E‘Pz)h

E,=920 GeV 2P

Four measurements
to determine x and Q?

13



Additional kinematic constraints:
> (E-P)), + (E-P,).= 2:Ee = 55 GeV
zPTh = PTe

HERA detectors over-constrain the kinematics.

How ZEUS and H1 actually reconstruct x and Q?

depend on the particular characteristics of each detector.
The procedures are, in practice, quite different, and
relatively complicated. Roughly speaking:

H1: 6, and E', at highy, and use > (E-P,), at lowy.
ZEUS: 6, and 6, {tan(6,/2)=>(E-P,), / 2P+, }

14



This is what happens schematically

AF, “ZEUS" AF, "H1"
log y log y

+ ZEUS and H1 have similarly sized uncertainties.

+ ZEUS and H1 have differently "shaped”
uncertainty correlations.

+ ZEUS and H1 have different best measured
regions.

= You win big from the fit

15



Averaging Procedure

. Swim all points to a common x-Q? grid

. Moved 820 GeV data to 920 GeV p-beam energy
(except for data points with y>0.35)

. Calculate average values and uncertainties
. Evaluate “procedural uncertainties

Additive error sources:
m' ):
Ko (mB) = fi Z )
For multiplicative error sources small biases to Iower cross section values
may occur - avoided by modifying the x? definition as follows:

i YR 92
ngp(m’b):z [m' = % 7m'b; - ] 2+Zb§'
7

: 6xzstal (mi == Ej ’Y;m‘b_,l) + (Ji,uncur mi)

= ri"//-‘i Oistat = Ai,stat/jui Oiuncor = Ai,uncor/ﬂi 16



Fit Results on Cross Sections

(% 1dai = 376399) H1 and ZEUS Combined PDF Fit

o1 n’
£
Plots show the o ;?EZ;[;\;[E'IJ(WI.]
- 5 v m”
extended kinematic % HERAPDF02 (el
{exp. uncert,

range of the HERA T
data as compared to
the fixed target

measurements i3

Plots include
experimental
uncertainties on both w?
data and fit

w? E 1 = 065D

Apnl 2009

HEERA Structure Funcliens Warking Group



Procedural Uncertainties

Three procedural uncertainties are introduced:

1. Additive vs Multiplicative nature of the error sources
(Typically below 0.5%)

2. Correlated systematic unc. for the photoproduction background
(Few % only at high-y)

3. Correlated systematic unc. for the hadronic energy scale
(At the % level)

In fact, a more general study of the possible correlated systematic
uncertainties between H1 and ZEUS has been performed:

- Identified 12 possible uncertainties of common origin

- Compare 2'2 averages, taking all pairs as corr./uncorr. in turn

Mostly negligible except for photoproduction and hadronic energy scale
18



Data Sets

HERAPDFO0.2 includes complete HERA-I inclusive NC and CC DIS data:
= Ep=820 (Vs=300) and Ep=920 (Vs=320) GeV, L=240 pb'’
= 1% precision for combined data in Q% = 10-100 GeV? region

HERAPDFO.1 includes :

* CC e p data: H1 98, ZEUS 98
» CC etp data: H1 94-97, H1 99-00, ZEUS 94-97, ZEUS 99-00
* NC e p data: H1 98, ZEUS 98
» NC e*p data: ZEUS 96-97, ZEUS 99-00, H1 99-00 “high Q*”

New data sets:

> H1 95-00 “low Q2 02<Q?<12 GeV?
» H196-00 “bulk” 12< Q%2<150 GeV?
» ZEUS BPC/BPT, SVX95 (0.045<Q? <17 GeV?)

110 correlated systematic error sources

3 “procedural uncertainties” related to the averaging procedure 19



Model Uncertainties

Variation of the heavy quark thresholds:

= Mc=14 GeV = 1.35-1.50 GeV
> varied with Q2 (1.77 - 2.19) GeV?

= Mb=475GeV => 430-5.00GeV

Variation of the sea fractions:
= f,=s/D=0.31 = 0.23-0.38
= f.=c¢/U=0.00 = specified by TR-VFNS

Variation of the starting scale of evolution of PDFs:

= Q%= 1.9 GeV? > 1.5-25 GeVZ
> for Q2= 2.5 GeV? vary f,=0.32 and Mc=1.6 GeV because Q?;<Mc?
> for Q%= 1.5 GeV2vary f;=0.29

Variation of the minimum Q2 cut on data:
= Q@ .=35GeV2 3 25-50Ge\?



PDF Parametrisation Uncertainties

PDFs are parametrised using the following general functional form:
xf(x,Q,%) = AxB(1-x)°(1+Dx+Ex3)

= The optimization procedure leads to the choice of PDF parametrisation with 10

parameter with 2 /dof = 576/592 PDF | A B C [D| E |
= Similar optimization procedure | xg | sum rule FIT |PIT | -
used for H12009 PDF Kbyt sum rule FIT' | FIT | = | BIT
Xyl sum rule =P | FEE | = -
xU lim; o0/D—1| FIT |[FIT| - | -
x| FIT =By |FIT | - | -

Current strategy to determine PDF parametrisation uncertainty is to test
alternative parametrisations with similar or better 2 which have been
discarded due to additional optimisation requirements:

> Reasonable shape for valence and sea distributions at high-x

> All PDFs >0

> Stability in error freatment (correlated vs uncorrelated)

=  Envelope of all these fits is formed and used as PDF parametrisation error

= [ fits out of all possible 11 parameter fits obtained by adding one additional parameter to the
central fit parametnsation choice were used for the envelope

Note: the procedure addresses the high-x region



HERAPDFO0.2 at Q%<2 GeV?

At the starting scale gluon is valence like

Q2. @2, dominate the model uncertainty of gluon and valence PDFs
PDF parametrisation uncertainty dominates valence PDFs and high x region

H1 and ZEUS Combined PDF Fit

QP =2 GeV? E Q% =2 GeV?
—— HEKAPDFU2 (prel) -
B exp.uncert. i

model uncert.
B puram unéert.

wt ! whow ot !
x x
9 W 1
Q=2 GeV? a3 " Q*=2 GeV? |
i gluon |
. |
i
2 1
[ — ]
2z i . I

x

1w 1! ";llu‘ wo oW 1
x x

April 2009

B

H1 and ZEUS Combined PDF Fit

- -
Q=2 GeV? |
L5 —— HERAFDFU2 (pril) |
. exp. uncert, |
1 model uncert, 1
u B param uncert. |
|
|
- 05 1
\_/\ Ubar i
b of =
E e ¥ i
N = =
0z
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xI)

HERA Structure Function Working Group
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i
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April 2009

HERA Structure Function Working Group



xu,

x5

HERAPDFO0.2 at Q2=10000 GeV?

=- PDF parametrisation uncertainty dominates valence PDFs and high x region
=- |mpressive precision at the scale relevant to LHC

HERA Structure Function Werking Group

H1 and ZEUS Combined PDF Fit H1 and ZEUS Combined PDF Fit

e : .y A g 1y

- QF =10000 GeV* | B s Q=10000 GeV? | § % | Q*=10000 GeV* | £ | QF =10000 GeV*
— HERAFDFO2 (prel.) 1 ! a 1 —— HERAFDFIZ (prel.)
B op.uncert. B exp.uncer.

I'l. il )m:el uncert, = L) m:dﬂ uncert,
04 04 [ param uncert. 4 B parom ancerd

o o

o
0z w2 1
" : B T - e
x é x

40 0

& @ =10000Gev? | ¥ Q' =10000 Gev* | 2 3 x: Q% =10000 GeV* | g

30 &0 E

2 E gluon - = " i

0 E 0 g

15 0 g 4

10 20 5]

s 10 £ 2

" 0
uz[ 02l 1 é =

] = ] = 0= —
“z i E

F R TR T T X N}u‘ w' o 1 E ‘““,‘ T TR
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HERAPDFO.1 vs HERAPDFO0.2

For consistency, when comparing the HERA PDF sets only the
experimental errors are used:

=- The model uncertainties of the two PDF sets are not identical

= HERAPDFO0.1 did not consider the uncertainty due to PDF parametrisation

o Q=10 GeV?

Observations:
= Errors are smaller for HERAPDFO.2
= d_, is softer
= Gluon is steeper: 06
> This is expected due to the
heavy flavour treatment

xg (x0.05) FEEEE WERAPDFO.2(prel)

RTVEN (exp)
HERAPDFiL1
ZNIVEN (exp)

HERAPDFO.1 - massless quarks L2
(ZM-VFNS)

HERAPDFO0.2 - massive quarks
(TR-VFNS) hap




Backup: Jets
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Comparison of NLO theoretical calculations
B NLO theoretical uncertainties are at the level 10-20% ©. sopen

B NLO inclusive jet cross sections are currently available from
(at least) two groups:
» Ellis-Kunszt-Soper - in CTQ6.6 and our earlier fits
» NLOJet++ magy) + FOSTNLO «iuge, Rabbertz, wobisch)
- in CT09 and MSTW'08
B Jon R explored

» agreement between EKS and FastNLO
» dependence on the choice of scale, jet algorithms, and
partial threshold resummation corrections

B The overall agreement/stability at NLO is satisfactory,
although not perfect

CT09 uses FastNLO for p = pr/2 without the threshold
resummation correction

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 66
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Comparison of K=NLO/LO from EKS and FastNLO

LT T

S
T
1
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Jet K—factor: 0.1 <y < 0.7
w
T
|

Jet K-factor: 0.7 <y < 1.1
T
|
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‘
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R
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°
>
T

Jet K—factor: 1.1 <y < 1.6
Jet K—factor: 1.6 <y < 2.1
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Figure 1: Theory calculations for the ratio K = NLO/LO from FastNLO and EKS. FastNLO
with g =pr: Rup=2.0 (long dash dot), Rug=1.3 (short dash dot); FastNLO with j:=pr/2:
Rup =20 (long dash), Ruy =13 (short dash); EKS with y=pr/2, Rup =13 (solid)

Pavel Nadolsky (SM!



-
Scale dependence of NLO cross section

L T T L
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H T
3 Fl
k| 1
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D0 run 2 5o 2-docp 00<7 <04 DO rom 2 with 2-loop 00 < 7 < 0.4
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Figure 2: Effect of scale choiee on predicted cross section with Rup = 1.3: 11 = 2pr (short
dash), pr (long dash). pr/2 (selid), pr /4 (dotted), Telative to our Standard Choice (i1 = pr/2
Rep = 1.3, 1o “tw

correction. Uncertainty bands from PDFs are shown for comparison

loop” correction). Right panels inchude the “two-loop” resummation
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x> weighting scans

All questions are explored using the y? reweighting technique
(Collins, Pumplin, hep-ph/0105207)

2 2 2 _ 2 2
=y wd Xnon-jet = “Xjet T Xnon-jet
jet expts.

w; = 0: experiment i is not included

w; = 1: common choice

w; > wjix: only experiment i matters in the fit

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 69
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Self-consistency of CTQ9 fit

CDFy (23 pts) | DOy (90 pts) | CDFy (T2 pts) | DOy (110 pts) Ax?
Wt | Wt ¥ | Wi ¥ | Wt x* || non-jet
0 55.4 0 1152 0 995 0 134.0 00

1 52.6 1 47.0 0 105.6 0 138.3 1.8

0 56.6| 0 g2 1 856| 1 1241 6.2

1 52.1 1 59.4 1 885 1 121.5 986

0 58.4 0 60.9| 10 796| 10 1204 309

1 548| 1 5.8 10 803 | 10 120.0 394
10 541 10 /E| O 129 o 156.7 241
10 53.1| 10 38.6 1 102.6 1 1423 219
10 51.6| 10 49.7| 10 828 | 10 120.9 39.6
10 495 0 T35 0 104| 0 125.3 125
50 473 0 40 0 1239 0 139.3 80.5
0 58.6 | 10 32.1 0 1227 0 1722 252

0 66.8 | 50 30.6 0 140.0 0 183.1 58.6

1 59.6| 1 67.5( 10 TB2| 1 130.9 32.0

1 63.4 1 704 | 50 716 1 140.0 929

1 50.6 1 60.0 1 930 10 116.5 206

1 50.5| 1 16| 1 966 | 50 112.6 113.8

Table 1: x for jet experiments with various weights

B Individual data sets, and data and theory are generally
consistent with one another

B abnormalities in the agreement of DO Run-1 set with other
data sets

Pavel Nadolsky (SM ANL/IIT workshop, Chicago /21
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Dependence on the gluon PDF parametrization

CT09 uses a more flexible Weight scan for Run—1 and Run-2 jet data
g(z, po) C'par 1) than CT66 300
Par3
250 .‘\
WPar 1: g(z, po) = Agz(1 — )2 200 Pa‘l\rz ‘\\
% eA3.’L'+A4.’L'2+A5.'L'1/2 Nﬁ \\ ‘\.
s1s00 N\ N
W CT66: par 1 with A, =4, A5 =0 F \ \,
100 \ N
W Par 2 A4 = A5 =0 \ \.\
. .
W Par 3 (H1-ike): = N
9(@, p1o) = Aoz (1 — 2)*2 (1 + Asa) ol M Tl s
300 350 400 450 500 550
CT09 (parl) form provides the Xjet
beST X2 and VIOniShiﬂg tension Wjet = 0 (r|gh1‘ ends); 1 (bend);
with the non-jet data 10 (left end)

Par 2 and 3 are disfavored
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- ________________________________________
Lagrange multiplier method vs. Hessian method

R B B B B
0'15__ ||||| L= 130GeV |

;f!’ | Ny,

G | N

i |||ii:
!'L

The Hessian method
(48 error PDFs — red
band) underestimates
the true 5pDFg(x, Q)
suggested by y?
(revealed by the LM
method — individual
lines)

0.05

0.00 —
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Backup: IM scheme
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Intermediate-mass scheme: a basic recipe

B Start with PQCD factorization for DIS, in a form applicable both in
/M or GM schemes

1 ge ¢ Q my
F xZ, 2 - / - Ja ‘7 Ct)l (77170[8 )
Az, Q) az,b'C ¢ fa(§; 1) Cyy & (1)
B sum over initial-state active flavors a prescribed by the
factorization scheme for the PDFs

B sum over final-state quark flavors b physically produced at the
given scattering energy

B evaluate convolutions over the kinematicalrange ( < ¢ <1
determined by a rescaling variable ¢

B use zero-mass Wilson coefficients C \=Cy | (g, 2.0, as(u)) :
evaluated at (/¢

B keep i > mg in heavy-quark channels for all @, to guarantee
applicability of the (subtracted) M .S expression for Cpa
e.g.,use u =+/Q?+m?in ¢v* — ¢; and gv* — ¢;q; channels
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Rescaling variables in heavy-flavor DIS

Rescaled light-cone variable ¢ is a simple way to approximate
exact scattering kinematics in processes where the exact
momentum conservation is absent

B General-mass scheme: dominant heavy-quark mass effects

are approximated in LO ¢y* — ¢ (or sW — ¢) by a rescaling
variable y :

x=x/(1+M7/Q%) , with M7 = 4m2(m2) in NC (CC) DIS
Barnett, Haber, Soper; Tung, Kretzer, Schmidt
B It is natural to try ¢ = x both in ev* — ¢ and ¢gv* — cc in the IM
scheme; however, it leads to excessive suppression of charm
scatftering in NC DIS at small 2 (for given @), where threshold

effects should be less pronounced, while the PDF variation is
rapid
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Comparison to ¢, b SIDIS data

from CT6.6 data sample
ZM/GM/IM Wilson coefficients with ZM (CTé6.1M) and GM (CT6.6M) PDF’s

1500

B CT6.1 are refitted
including the latest HERA
¢, b data (y? improved)

Quginal @ GM+CT6.6 gives the
best fit: ZM+CT6.6 the

pdated WOIST

CTe1

_______ W 2 for IM+CT6.6

(IM+CT6.1) is befter than
N IM+CT6.6 ZM+6.1)

IS}

¥2 [ (for 222 pts.)

1200

PDF set BCT66
used: mCT61

900

c

GM 1My,
Calculational scheme used

All IMA+CTé6.x fits produce close x? — only IMy is shown

IM formulation works!
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Comparison to the full CT6.6 data sample

Conventional ZM: 3060 BGM+CT6.6 still gives the
-~ s000 — N — best fit; ZM+(hew CT6.1)
2 o TESETINES the worst
8 ||| mQuadlity of the best IM fit
£ . (IMb) approaches that of
N e || L L 1 GM+CT6.6
2700 | MW Some IM fits
(A =0.1-0.2) are clearly
2600 | ‘ very good
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PDFs in GM/IMb/ZM/IMy formulations

gatQ=2. GeV

WHW i

T ux,Q) at Q = 85 GeV

11

Ratio to CTEQ6.6M
e
o

o

©

Ratio to CTEQ6.6M
e

°
o

Black: IM fit with Z= 0.15
0.8 Green: IM fit with {= x

Red: ZM fit

Blue: CTEQ6.6 PDF uncertainty 0.8
satQ=2. GeV * )
y ” B At z < 0.01, ZM u, g are too
small compared to GM
il lellll!'"‘ | W IMy: u, g are too large
ﬂH WM ‘ B IMDb: «, g are very close to GM
AT — B s(z,Q) (constrained by CC

e el DIS) prefers IMy rather than IMb
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Dependence on the rescaling ¢
in W, Z production at the LHC

B IM)\ predictions span a wide
range between ZM and IMy 2.20F

NLO W* & Z cross §ection§ at the LHC

B IM predictions with

2.15 v
A = 0.05 — 0.3 are compatible
with CT6.6M at ~ 90% c.l. gz_m -'M°
W ¢ variable can be also f bos GM(CJESZGA.M
infroduced in the GM scheme; T GMfg”;?j%S-')'é, -
in this case, the standard 3200 -t

choice ¢ = x (CT6.6,0r A =0)
gives the best \? 195

B GM PDF's with A < 0.3 agree 190 ]
20.0 20.5 21.0 215 22.0 225 23.0

with CT6.6M within the CT6.6 ' T (PP~ WA smX) ()
uncertainty

mZM

Pavel Nadolsky (SMU) ANL/IIT workshop, Chicago 05/21/09 79



e
Conclusions

B The full GM heavy-quark kinematical dependence is
approximated well at NLO by an effective IM scheme with ZM
Wilson coefficients and generalized rescaling variable ¢

» It remains to be seen if this scheme is viable beyond NLO

B The IM formulation can be applied to easily implement the
leading heavy-quark mass effects in ZM calculations

B Variations in the form of ¢ lead to an additional theoretical
uncertainty that must be provided with GM predictions
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