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Our group’s other presentations at DIS’2009

B Combined fit of PDF’s and Drell-Yan pr distributions

(H.-L. Lai, next talk)

B PDF’s for leading-order Monte-Carlo programs
(H.-L. Lai, Structure functions WG, 16:28)

B Heavy flavors e, Heavy-quark we, 17:15)
B This talk: everything else

» | will only have time to quickly flip some slides through - feel
free to look them up on the computer and ask questions in
the end
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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
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Inclusive jet production in Tevatron Run-2
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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?
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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
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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
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-
CT109 and CTEQ6.6 are generally compatible
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CT09 PDF uncertainty is about the same as CT66 (compensation
between the Run-2 jet constraints and more flexible g(z, 1))
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-
CT09 gluon vs. CT66 and MSTW’08 NLO
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-
Impact of Run-2 jet data on global fits

Several issues affect the ability of the Run-2 data
to constrain the PDF's

H reliability of theoreftical predictions
B compatibility of the Run-1 and Run-2 measurements
H role of correlated systematic errors
B role of PDF parametrizations
|

method for the computation of the PDF uncertainty (Hessian
method; Lagrange multiplier; random sampling...)
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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
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-
Comparison of K=NLO/LO from EKS and FastNLO
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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)
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-
Scale dependence of NLO cross section
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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?
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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
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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
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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

Pavel Nadolsky (SMU) DIS"2009 workshop, Spain April, 28 2009 15



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 info account
since 2000. CSE are provided in two forms:

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

Npt 1 N,\ 2 N/\
2 2
=) Z% (Dk—Tk—ZAaﬁ;m> +Y N2
e:{eXpT.} k=1 a=1 a=1
D, are T}, are data and theory
s IS the stat.+syst. uncorrelated error
2. N, x Ny, covariance matrix C' = I + BG8T
= >  (D-1)CcMD=T)
e={expt.}

Pavel Nadolsky (SMU)
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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 X2DO RuUN-1 /Ny ~ 0.3 in fits, other

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

Pavel Nadolsky (SMU) DIS"2009 workshop, Spain April, 28 2009 17



- ________________________________________
Lagrange multiplier method vs. Hessian method

R B B B B
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The Hessian method
(48 error PDFs — red
band) underestimates
the true 5pDFg(x, Q)
suggested by y?
(revealed by the LM
method — individual
lines)
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.
Constraints of Run-2 datq on CT09 PDFs
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Run-2 data impose tangible constraints
on the allowed range of g(z, i)

Black band: g(z, i)
from CTQ9 fit ("par 17)

Red band: A "par 1°
fit without Run-2 jet
data

This band is wider than
CT66 because of
additional free
parameters
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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;(.I')/d(%) (H. Schellman) Aé(y)

Asym-u/d correlation

April, 28 2009 20
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- ________________________________________
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

09

0.8 .
0.1 1

X = mul(s)"”2 * exply)
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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

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

eigenvector direction; N = 22 for the CTEQ6.6 set

Pavel Nadolsky (SMU) DIS*2009 workshop, Spain April, 28 2009 22



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:

constraints on Y
cosp ~0:

Measurement of X imposes
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Ongoing work on correlations

cos o between do(pp — Z°X)/dy at the LHC (/s = 10 TeV)

and PDFs f(x, un = 85 GeV)

y=0.05

s B . // * \: \ B
| g
& o0 - ﬁfi\:—" 5
I — AV )i
8 Ay8

Correlation: cos(é)

Correlation: cos()

10°

Notice the
change in
sensitivity to
parton flavors and
the shift in the
most relevant x
range
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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 Egi), the error AX~ — AX2 s
increased by a factor N ~ 22

Pavel Nadolsky (SMU) DIS*2009 workshop, Spain April, 28 2009 25



-
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
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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
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-
FROOT: « simple interface for Monte-Carlo PDF reweighting

pp - (Z° - €' €)X, VS=196Tev

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
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An exploratory technique
for error analysis and propagation

Unconstrained (combinations of) PDF parameters a; (N, flat
directions in PDF space, corresponding to dx/da; = 0) may result
in a large PDF uncertainty; CTEQ/MSTW fix such a; by hand

Example: s(z, j0) at 2 — 0 (Ny1qr = 1); Ry = lim,—o [(a +35)/ (ﬂ + d_>]
is set to a fixed value, different in CTEQ and MSTW PDF’s

A better way is to provide a theoretically plausible uncertainty
range (AX) . due to the flat directions (simple to do if Ny, = 1)

(AX) 1.+ can be added in quadrature to the usual Hessian error
from 2N gessian €10r PDF’s, if the end user wishes to

Npessian
AX? = Y AX?+AXF, Q)
i=1
(AX) p10¢ should be large enough to minimize subjective bias;
constrained to exclude unphysical solutions
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Unknown strangeness at z < 102

Current CTEQ/MSTW/NNPDF
errorson sy (z) at z — 0 are
unsatisfactory

B CTEQ, MSTW: too narrow and
subjective

B NNPDF: too broad and
potentially unphysical

Ratio to MSTW 2008 NLO

X
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CT109 strangeness vs CT66 and MSTWO8NLO

with 0.2 < R, < 1.5 (imposed by Eq. (1))

s at Q=2. GeV
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