PDFs for the LHC

A M Cooper-Sarkar
DIS 2011

PDF4LHC comparisons 2010 updated to 2011

Updates: CT10, NNPDF2.1, HERAPDF1.5, ABM11

Treatment of heavy quarks: NNPDF2.1, HERAPDF, MSTW, ABM
Value of a,(M,): NNPDF, HERAPDF, MSTW, CT/CTEQ

Does DIS data like low a,(M,)? --- HERAPDF1.6+jets

The year of NNLO: CTEQ, NNPDF, HERAPDF join MSTW, JR, ABKM

The Tevatron Higgs limits: is it essential to use PDFs which are fitted to Tevatron jets?
Is it essential to use a global fit? Look at NNLO predictions NOT at NLO

Global fits:

Doubts about deuterium corrections, and doubts about fixed target F2

Early LHC W/Z data — some visible impact on PDFs— (NNPDF, HERAPDF)
Early LHC jet data



NLO W* - I*v at the LHC (s = 7 TeV)
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In 2010 the PDF4LHC group considered:
MSTWO08 CTEQ66

HERAPDF1.0 NNPDF2.0

ABKM09 GJRO0S

Overall disagreement ~8% in W, Z cross-
sections

The PDF4LHC recommendation was to
take the envelope of the NNPDF, MSTW,
CTEQ predictions --even this may not be
enough!
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NLO W™ — I'v at the LHC (\'s = 7 TeV)
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NLO Z° > I'T at the LHC (s = 7 TeV)
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Thirdly, different groups use different input
data sets, e.g. the data used by CTEQ and
MSTW are very similar and they do NOT
include the latest most accurate HERA data
which are used in HERAPDFL1.0.

Not only are these new (2009) data more
accurate they also have a different
normalisation

This accounts for ~2.5% upward shift of the
HERAPDF prediction.

CT, NNPDF, ABM update to include these data

Why these disagreements?

Firstly groups use different values of ag(M,) ,
the effect of this can been seen on the figures
A common value would bring some of the
predictions into better agreement.

HERAPDF, NNPDF,CTEQ and MSTW provide
PDFs at a series of ag(M,) values

Secondly groups have different ways of
accounting for heavy quark production

And use different values of the heavy quark
mass.

Within any chosen scheme a change of quark
mass from 1.4 to 1.65 GeV can change the W/Z
cross-sections by ~2.5%
HERAPDF,NNPDF,MSTW provide PDFs at
different mc values

Fourthly there are some differences in
philosophy regarding choices of PDF
parametrisation and theoretical/model
prejudices which are imposed

Let’s look more closely at some of these points 3



Heavy quark production.: there are two extremes-

Use only 3 massless parton flavours and calculate exact ME’s for heavy quark
production (FFN method)- wrong at high scale since In(Q%/m.?) terms not resummed
Consider all partons as massless except that charm and beauty turn on abruptly at
their kinematic thresholds (ZMVFN) — WRONG at low scale near these thresholds
A GMVFN (General-mass Variable Flavour Number Scheme) is supposed to give us
the best of both worlds..
BUT there are different ways to do this...ACOT, Thorne, FO-NLL and there are
tunable scale choices
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And a second question is
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NNLO differences
are not so large...
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H1 and ZEUS have also
combined charm data recently

And these data show a
preference for a charm mass

m, = 1.57 + 0.02 GeV
IF the standard Thorne VFN
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But the value of the preferred charm mass
depends on the heavy quark scheme

Each scheme can be used to predict the W and Z
cross-sections at the LHC as a function of charm
mass parameter.

If a fixed value of mc is used then the spread is
considerable (~7%)- but if each prediction is taken
at its own optimal mass value the spread is
dramatically reduced (~2%) even when a Zero-
Mass (ZMVFN) approximation has been used

The PDFs MSTWO08, CTEQ6.6, NNPDF2.0 do
NOT use charm mass parameters at their
optimal values- and explains part of their
differences.

Now MSTW, NNPDF and HERAPDF provide a
series of mc, mb values

But what is the mass that is being used?
The pole mass?

The running mass has been measured
independently would it be better to use this?

ABM have considered this in the FFN scheme




The schemes considered above all use the pole mass with VFN fits
AB(K)M have always used FFN. ABM now use the running mass.

The NNLO(approx.) FFNS ABM predictions based on the running mass definition are
| In nice agreement with the new HERA data
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NNPDF2.0 has been updated to NNPDF2.1 using FONLL VFN
CTEQ6.6to CT10 ABKMO09 to ABM11 HERAPDF1.0 to HERAPDF1.5
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The use of the VFN scheme puts NNPDF2.1 closer to MSTW,

CT10 and CTEQG6.6 are very similar, HERAPDFL1.5 is a little higher than 1.0 for W+,Z

CMS and ATLAS data agree well with all predictions |



NLO WI/Z ratio at the LHC ('s = 7 TeV)
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W,Z ratios
updated

Are ratios better predicted than the cross-sections?
*The W/Z ratio is YES- ~1% spread — this is obvious when you think about the quark

flavours which enter

NLO W'/W ratio at the LHC (\'s = 7 TeV)

| LA R B R

T T T

68% C.L. PDF

1 e MSTWo3 ]
B CTEQSS B
A NNPDF20 ]
V¥ HERAPDF1.0 -=|
1.42? Vertical error bars O ABKMO09 B
Inner: PDF only

[ Outer: PDF+a, GJRo8 ]

PR S S (SR ST SR NN S SRR SR NN SO ST S N S S |
o414 0116 0.118 0.12 0.122 0.124
2
oug(VP)

*The W+/W- ratio is still NOT ~>5% and this shows up more strongly in the W and
lepton asymmetries- this is a u-valence — d-valence difference in a previously
unmeasured region of X
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Z4(qq) luminosity at LHC (\'s = 7 TeV)
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Features of the updates HERAPDF1.5: update of data AND fit
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Features of the updates: CT10
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Considering the value of a,(M,) — very important for Higgs

The table shows the values of a,(M,) used by the PDF groups at NLO and at NNLO plus
the values from more recent studies.

HERAPDF, NNPDF, CTEQ and MSTW all provide PDFs using a series of a (M) values
which can be used to evaluate a (M) uncertainty.

It is established that PDF and a (M) uncertainty may be combined in quadrature.

NLO ABKM | CTEQ | GJR HERA NNPDF | MSTW

a,(M,) |0.118 0.118 |0.1135 |0.1176 |0.119 0.120
in PDF

a(M,) 01202 |0.1191

2011 | +0.0019 | +0.0006

NNLO | 0.1135 0.1124 |0.1176 0.1171
£0.0014 +0.002 | 01345

There is a split into low and high values at NNLO.
*For JR the low value is required by the dynamical approach.
*For ABKM critics say it is low because Tevatron jets are not included- -

there is an idea that DIS data prefer lower values of a,(M,)—see next slide
*However ABM say it is because they use o rather than F2 in their fits to NMC fixed,
target data...see slide 20.. and they still get low a (M) even when including jets



There is an idea that DIS data prefer lower values of a,(M,).

*MSTW challenge this — this is basically only BCDMS, HERA data prefer higher values
*NNPDF say DIS only value is 0.1177 rather than 0.1191

*NNPDF study shows that the variation of x2 for HERA data is very flat.

Now we have heard from HERA themselves.

They have used their preliminary HERA
|+1I data combination and they agree that
the x2 dependence on is very flat — and
the model dependence is large.

BUT if the DIS jet data are added there “‘xé
is a different story AND alphas is larger ¢ --- HERAPDF1.5f
— HERAPDF1.6

0.5 Scan

20

ag(M;) =0.1202 £ 0.0019 (excluding
scale error)
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HERAPDF has updated from their standard parametrisation HERAPDF1.5 to a
more flexible parametrisation HERAPDF1.5f and then added jets HERAPDF1.6

H1 and ZEUS HERA I+II 10 parameter PDF Fit H1 and ZEUS HERA I+1I 14 parameter PDF Fit H1 and ZEUS HERA I+II PDF Fit with Jets

1

'*; = p) 1 = —
S L ) 2 =
Q=10 GeV? & Q=10 GeV 8 » Q=10 GeV’
S S
4 ]
— HERAPDFLS (prel.) = L HERAPDFLST (prel.) = I — HERAPDFL6 (prel)
0.8 08 Bl exp. uncert. 0.8 -
exp. uncert. P v
B e [ ] model uncert. . b B cxp. uncert.
l:l model uncert. - ? |:| parametrization uncert. xu H l:l model uncert. u
[ parametrization uncert. * 5 06 ' 5 ] parametrization uncert. v
6 £ - w HERAPDFLS (prel.) Ei 0.6
=z F =2 L
S —— S
z z ——
04 3 04 E 04
| xg(x0.05) E | E
P e
E £
g 2 [
02 & 0.2 s 02
[ xS (x0.05) :5 2
i = =
= = ;
— Lo T i . A WA= - L . = _ -
10+ 0 107 10! 1 10 10° 107? 10" 1 10° 10° 102 107 1
X X X

And then freed a,(M,) — the g-gbar luminosity becomes closer to MSTW
ag(M,) = 0.1202 £+ 0.0019
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HERAPDF Structure Function Working Group
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Gluon-gluon luminosity is important for Higgs production

gg luminosity at LHC (s = 7 TeV) gg luminosity at LHC (s =7 TeV)
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NLO gg—H at the LHC ('s = 7 TeV) for MH =120 GeV
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Higgs and t-tbar
Ccross-sections

update

NLO tf cross sections at the LHC (Vs = 7 TeV)

Large spread in cross-sections > 15%. For Higgs there is MSTW/NNPDF(2.0 or 2.1)

Vs CTEQ/CT10/HERA/ABKM.

Strong dependence on a,(M,) so use of a common value would help.

NLO gg—+H at the LHC V5 =7 TeV) for M= 120 GeV
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But for Higgs we had better consider NNLO

NLO gg—+H at the LHC {5 =7 TeV)
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Until this year there were fewer NNLO PDFs: MSTW, ABKM, JR
and HERAPDF1.0 (for two values of a,(M,) without error band)

HHLO W' — ['v at the LHC (/5= 7 Tev)
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NNLO predictions for t-tbar and Higgs

NNLO gg—H at e LHC (Vs = 7 TeV) for M, = 120 GeV NNLO gg—H at the LHC {3 =7 TaV) NNLO (approx.} f cross sections at the LHG (/5= T Tev)
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The PDF4LHC recommendation at NNLO is to use the
MSTWOS result but increase the errors by ~2 (to reflect
the NLO envelope).

200 :
1500 h @ (88 — H)

However the other NNLO PDF predictions are 1600 |

['ﬂ ] MSTW 2008 ——
ABKM 09 1
JRO9VFNNLO

consistently below those of MSTW- partly due to ag(M;) |\ \ memaror e owms
. . 200 o L1 '
This has been used to challenge the Tevatron Higgs 00 | N\ 0 f
exclusion region et NN i
mﬁ | MHH‘“*Z\E“ 08 T 200 |
Why was MSTWO08 favoured ? e
Because it is a global fit. Are global fits actually the ' Djotladi, Godhole etal =

best?- see criticisms of the use of deuterium target

data and NMC F2 ..next slides. However, the MAIN

development of 2011 is
*Because it fits Tevatron jet data well- determining more NNLO PDFs
high-x gluon BUT...AB(K)M and HERAPDF also 19
describe Tevatron jet data



Criticisms of the use of fixed target data-1

NMC data are usually used as F2. To get this some correction must be made for FL
but the corrections made were based on old theory and old prejudices.

ABM find considerable differences in their fits if they use F2 rather than o
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1

But both NNPDF and MSTW say this effect is negligible. However they work with fixed

o.(M,). ABM have a,(M,) free in the fit

a(Mz) | ag(Mz) with oy a5(My) with FMC
NLOD 0.1179(16) 0.1195(17)
NNLO 0.1135(14) 0.1170(15)
NNLO +Fp, at O(a;>) 0.1122(14) 0.1171(14)

NMC may gave an impact on o= (Mz) determinations from PDF fits
Only affects LHC Higgs X5 if PDG o (Mz) = 0.1184 4+ 0.0007 value not trusted

20




Criticisms of the use of fixed target data-2

Accardi et al — have been considering corrections for the deuterium targets. They
conclude that the uncertainties are larger than is usually accounted for
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The high-x uncertainty on

the d/u ratio due to 1 4

deuteron wave function and

off shell effects as well as

PDF uncertainty.
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| e And of course this uncertainty affects the d-quark.

They also conclude that this can affect thedetermination of
the high-x gluon when Tevatron jet data are fitted at the
same time as deuterium fixed target data.

.1 High pt jet production receives contributions form qqg,qg and
gg. Since the u quark is well known the variation on the d
from deuterium corrections is compensated by an anti-
correlated shift in the gluon density.
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Ratio to HERAPDF1.0

How well are Tevatron jet data described by non-global fits?

Tevatron Jet Cross Sections s Ir - 1
T - - M
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: " osabHias z  TERAEREL Sore
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But the real question is how well
does an NNLO fit describe these
data?

00 gmweer | UL @mwee For HERAPDF1.5 NNLO the
description is MUCH better
x2/dp=72/76 for CDF even for the
central PDF

P, MGevicN M ABM
HERAPDF1.5 x2/dp = 176/76 for CDF | - —
and 245/110 for DO for the central PDF | oS Ommlet —_
i [ S N QFIFREL) g

However this ignores the error band of
the fit. If these data are included in an
NLO fit we get x2/dp = 113/76 and
157/110 resp.

The resulting PDF is at the edge of

HERAPDF1.5 (68%CL) error bands
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The Higgs cross section can go up by ~1-20



And how WeII can HERAPDF descrlbe Tevatron W/Z data’?
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The year of NNLO: HERAPDF1.5 NNLO

H1 and ZEUS HERA I+II PDF Fit

H1 and ZEUS HERA I+1I Combined PDF Fit
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Same data set as for HERAPDF1.5(f) and use of flexible parametrisation as for 1.5f.

March 2011

HERAPDF Structure Function Working Group

The NNLO PDFs differ from NLO in a similar manner as for MSTWO0S8 (same heavy quark treatment).

The low-x gluon is more uncertain than at NLO - NNLO DGLAP is NOT a better fit to low-x,Q? data.
HERAPDF1.5 NNLO has a harder high-x gluon than 1.0

Both the g-g and the g-gbar NNLO
luminosities of HERAPDf1.5 are

closer to MSTW than HERAPDF1.0
hence Higgs predictions also closer

PDFs are available in an a (M)
series, but the standard value is
0.1176
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NNLO -- NNPDF2.5

- NHPDFZ1 NLD

NNPDFZ.5 NNLO [prel)

- NNPDFZ.1 NLD

NNPDFZ5 NNLO [prel)

Compare MSTW
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Q*=2 GeV*
——— HERAPDF1.5 NNLO (prel.)
I exp. uncert.
] model uncert.
- parametrization umcert.

L s

P March 2011

i HERAPDF1.0 NNLO(prel.)

-
HERAPDF

x

NNPDF use the FONLL scheme to treat heavy quarks in VFN, HERAPDF use Thorne’s
scheme, ABM and JR use FFN formulations- there are differences between these

schemes
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NNLO CT is also nearly ready ..it will use SACOT
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And now we have LHC W/Z data- we have already seen the total cross-sections and
ratios. Let us look at rapidity distributions both for lepton asymmetry and Z0 production.
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Improvement in HERAPDFs Improvement in NNPDFs from
from adding CMS W- adding CMS W-asymmetry
asymmetry by re-fitting by reweighting

HERAPDF uncertainties after
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And how well is LHC jet data described?

inclusive jet production at Tevatron (n"* = 0)
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Jet data will also soon be discriminating for PDFs

The PDFs that fit the Tevatron jets best are not necessarily those that fit the LHC jets

best. The mixture of g-q, g-g, g-g induced jets is different.
HERAPDF1.5 is doing the best job at LHC
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Summary

PDF4LHC comparisons 2010 updated to 2011
Updates: CT10, NNPDF2.1, HERAPDF1.5(6) all NLO and NNPDF2.5, HERAPDF1.5
ABM11 at NNLO

Treatment of heavy quarks: still some differences in GMVFN schemes

NNPDF2.1, HERAPDF, MSTW provide series of m_, m, values

ABM uses FFN and running mass

Value of a,(M,): NNPDF, HERAPDF, MSTW, CT/CTEQ favour larger values but provide
PDFs for a series of a (M) values

ABM/GJR favour a smaller value

Does DIS data like low a (M,)? NO!

Does including Tevatron jet data in ABM fits raise a (M) ? also NO.

The Higgs controversy: is it essential to fit Tevatron jets to make a meaningful prediction? NO-
but in fact both ABM and HERAPDF can describe these data well. (Particularly at NNLO)

Is it essential to use a global fit? NO and there are doubts about fixed target deuterium
corrections and doubts about the use of fixed target F2 data.

BUT HERAPDF1.5 NNLO is much closer to MSTW2008 NNLO than 1.0 AND NNPDF2.5NNLO is
close to MSTW2008 if the same a,(M,) is used AND ABM11 Higgs cross-section is larger if

Tevatron jet data are included: The Tevatron Higgs limits are probably safe.

Early LHC W/Z data — have some visible impact on PDFs— (NNPDF, HERAPDF)
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IS NLO DGLAP applicable for the low-x,Q?part of the kinematic plane?
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Before combined HERA-I With combined HERA-I
CTEQ say the do not confirm this tension, but when HERA combine their low energy run data the
low x,Q? part of the data is not so well fit and the gluon which results from imposing harder Q? cuts
or Q2> 0.5x93 cut is steeper- this seems NOT to be solved by NNLO
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The new fit PDFs do not move (much)outside HERAPDF1.5 error bands
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Only the CMS asymmetry data lead to any substantial further improvement in PDF uncertainties
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