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The generalprocedure of the MRST/MSTW group is to revolve partons upwards
using NLO (or NNLO) DGLAP equations,and t all relevantdata for scalesabove
» 2GeV’. Needmany di®erenttypes of experimentfor full determination.

H1FS P(x; Q?) 1996-97moderateQ? and 1996-97high Q?, andF<' P(x; Q?) 1998-99
high Q2 smallx. ZEUSF, P(x; Q%) 1996-97small x wide rangeof Q2. 1999-2000
high Q2. H1 and ZEUSFS°(x; Q2).

NMCF,? (x; Q%); F,¢ (x; Q%); (F," (x; Q%)=F," (x; Q%), E665F,” (x; Q%); F," (x; Q%)
mediumx.

BCDMS F.P (x; Q2): F,? (x; Q?), SLAC F,” (x; Q%); F,% (x; Q?) large x.
CCFRF, “P(x; Q%); F, "'P(x; Q?) large x , singlet, valence

E605 ES66pN ! 11 + X large x sea

E866 Drell-Yan asymmetryt: d d i .

CDF W-asymmetryu=d ratio at high x.

CDF DO Inclusivejet data high x gluon
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This procedureis generallysuccessful
and is pat of a large-scale,ongoing
project.

Resultsin partons of the form shown.

All hadroncollider(HERA, Tevatron,
LHC) cross-sectionsrely on our
understandingof thesepartons.

Dick Robertsretired from project and
In 2006 GraemeWatt joined.

Hence MRST! MSTW.
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Intermediate Update at NNLO

Recentlyupdatedpartons at NNLO - ozcially
MRSTOG Fit to samedataas MRSTO4

Previously only central values. No
patons with uncertainties due to
experimentalerras.

Same procedure as befae { 15 eigenvecto
sets of partons and ¢ A> = 50 for 90%
con dencelimit.

Example, u(x; Q%) at compaed to

Sizeof uncertaintiessimilar to at

At small x e®ect of coexcient functions,
paticularly C,.4(x; Q?), important.

Change from to greater than
uncertainty in each. Simila for other partons.
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Secondreasonfor intermediateupdate
of partons due to improvement
to previous appoximate treatment of
heavy °avour, i.e. a much improved
General Mass Variable Flavour
Number Scheme at

xc(x,P=2.045GeV)

In reality at heavy °avour no
longerturns on from zeroat * 2 = m?

(c+ &)(x; m2) = A (m2) - g(m?) 005

In practiceturns on from negativevalue
(for generalgluon).

Also, previous appoximation had o1
no O(®2) heavy quak coezxcient
functions.

Now modelled using high and smallx
limits. Additional positive contribution

— N IOHm |\L. | ,,,:llw | ,,,:llN | ,,,x:lln_. | I I
at low Q<. 10 10 10 10
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F$(x; Q%) stats from higher

valueat low QZ.

At high Q% dominatedby (c+ &)(x; Q?).

This has started
valueat Q? = m

evolvingfrom negative
2. Remainslower than

at for simila evolution.

Generaltrend { FS$(x; Q?) °atter in Q?

at than at

. Important e®ect

on gluon distribution going from one to

other.
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Good compaisonto both H1 and ZEUS
data on F2(x; Q?) ®

The di®erencein the predictions -
from MRST and CTEQ is dueto details 102
of de nition of VFNS nea threshold.

x=0.0005
=4 E

wx.uo.oom
Both VFNS curvesfor m, = 4:3GeV. =3
Should be corected to m, = 104
4:75GeV. Lowers both prediction :

slightly, particularly at low Q2.

1F
-1
10 b
e H1 Data
= ZEUS (prel.) 39 pb x=0.032
[ e - MRST04 i=0
10 £ — MRSTNNLO i
e CTEQ6HQ
R HVQDIS + CTEQ5F4
HO-,_____ _ ________N _ ________mw
10 10 10,
Q IGeV
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Change in partons greater than
uncertainy in many places. Carect
heavy°avour treatment vital.

Requiredarger couplingfor increased
evolution{ ® (M%) = 0:119.

| bigger gluon and mare evolution
of light sea.

I 6% increasan %, and ¥z at the
LHC.

With hindsightthis and CTEQ result
are carrectionsnot uncertainty.

Very important changeshonetheless.
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Instability in  physical, gluon
dominated,quantity F, (x; Q%) going
from ! !

Gluon at ! FL(x; Q%)
dangerouslysmall at smallestx; Q2.

Note verylarge e®ectof exact
coezxcient function.

Possible sign of required In(1=x)
carections.

Similar problems possiblefor cham
and/or bottom production, and low-
massDrell-Yan (°) production at the
LHC.
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Noted an instability in physical,gluon

. . 2 . 0.5 v 0.5 e
dominated,quantity F_ (x; Q<) going Q*=2 GeV Q=5 GeV
from _ _ . . — NLL 04 i
Improved by next-to-leadinglin(1=x) 0.3 i
resummation in the global t and
prediction (White, RT). 0.2 .
HERA analysis of F_ (x; Q%) will e -
hopefully help us to determine best I IR R DI,
thearetical approach. 10°10710°10%10" 1 10°10%10%10% 10" 1

O.m ______._...__ ______._._._ ______._.__ ______._.__ LI o.m .._._____._._._ ______._.__ _____._._.__ L |
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0.4 4 04
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Most recent Updates - changein de nition of ®s.

Variations in ®s de nitions shavn at HERA-LHC 2005 Workshop by Whalley. None
wrong (exceptat very high Q2 maybe) just di®erentchoices.
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Old MRST prescriptionunwieldyin terms of °avour thresholds particularly at

MSTW now use samede nition as QCDNUM. E®ectivelyinput ®s(Q3) rather than
QocD-
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New Data

New NuTeV data not completely
compatiblewith the older CCFRdata.

Main source of discrepancy
calibration of magnetic eld map of
muon spectrometer! muon energy
scale.

However,previousparton distribution
ts were perfectly compatible with
CCFR data using EMC inspired Q?
iIndependentnuclea carrection
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Now implementfar more sophisticatechuclea carectionDe Florian, Sassot Extracted
using partons.

solid: Omum Om/m_ dotted: &umo Om<~. dashed: Oupoo GeV
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Samegeneralshape asbefae. Allow » 3% uncertainty on carrections. Cannotmatch
high x NuTeV data.
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CHORUS data also consistent with
CCFR(lead not iron).

Inconsistenciest high x.

Partons in region of high x already
well-determined from chaged lepton
structure functions.

Important information in the region
X < 0:3, e.g. low x valencequarks
- generalconsistencyhere.

Choose to cut neutrino structure
function data for x | 0:5.

Also CHORUS data at lower
W2,  Fs(x; Q%) expected to have
larger higher twist carections than
Fo(x; Q?), which we observe. Cut for
W2 . 20GeV-.
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CCFR/NuTeV dimuon cross-sections and strange quarks

d3a . d3a
0, (2, | 1+ -
Qx%A (*:)N X) = BN A dxdy

Aop mAQH WV | cli AWH+va“

B. = semileptonicbranchingfraction

N = nuclea carection

A = acceptancecarection.

°, and?. cross-sectiongrobe s and & (small mixing with d and d).

Have previouslyindirectly usedCCFRdata to parameterisestrangeaccading to
s(x; Q) = 8(x; QF) = 5[(x; QF) + d(x; QF)] Y205

Now T strangedirectly rather than assumingsameshae asaverageof & + d at input
and some xed fraction.

Also allow possibility of s(x; Q3) 6 8(x; Q3).
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Make de nitions at input

s*(x; QF) "~ s(x; QF) + 8(x; QF) = A+ (1i x) *S(x; Qp)
s (% QF) " s(x;Qf) i (% QF) = A; (1i x) i xIH (1 x=Xo)

where S(x; Q3) is the total sea distribution. Expect low-x shape the same but
normalisationsuppessedoy masse®ects(cf cham and bottom).

Xo IS determinedby quomqm:@Nmsmm@* proton, i.e.
1
dxs' (x; Q3) = O:
0
Compaed to s = & = (4 + d)=4 letting s* free,si = 0! ¢A? » | 15 with
iImprovementmainly in dimuon data.

~

Letting both s* free and s' free! ¢ A? » | 30 with improvement even more
restrictedto dimuondata.

No real improvementwith further parameters.

All data generallyprefers™ free. Dimuon data only a®ectedby s . Decoupledfrom
other parametersto good appoximation. + = 0:2 xed, i.e. valence-lik value.
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Find reducedratio of strangeto non-strangeseacompaedto previousdefault- = 0:5.

Suppessionat high x, i.e. low W?. E®ectof ms?

MSTW NLO PDF fit (preliminary, 27/11/2007)
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X

Suppessionat nonperturbative Q3 = 1GeV? now » 0:3, i.e. valuein hadronization
models (probability to generatess compaed to Giu; dd).
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Strangeseaasymmetryxs(x; Q3) i x3(x; Q3) constrainedoy dimuondata for 0:01
X . 02

5

Positive, with central value 0:00238 0:0025 (roughly 90% con dent limit). Nonzero
valuenot hugesigni cance. At Q2 = 10Ge\* asymmetryof 0:0017§ 0:002.

NeedS' » 0:0068to bring NuTeV sin® iy in line with world average.

MSTW NLO PDF fit (preliminary, 27/11/2007)
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Now alsocompletedat . Requirescareful treatement of charged current heavy
*avour scheme- dependson Fa(x; Q?), F (x; Q%) and Fz(x; Q%) with signi cant
cancellationsbetweenthem.

Resultsrather simila overallto . Not completelyobviousa priori that this would
be so.

MSTW NNLO PDF fit (preliminary, 30/11/2007)

< 0.8
W - 2 2
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Asymmetryresultsalsorather similar overallto

MSTW NNLO PDF fit (preliminary, 30/11/2007)
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o] B 1
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Fitting to strangefrom NuTeV dimuon
data a®ects uncertainties on partons
other than strange.

Previously for us (and everypne else)
strange a xed proportion of total sea

In global t.

Genuine larger uncertainy on s(x){
feedsinto that on & and d quarks.

Low x data on F»(x; Q?) constrainssum
4=9(u + b) + 1=9(d+ d + s+ &).

Changesn fraction of s + & a®ectssize
of 4 and d at input.

The sizeof the uncertainty on the small
X anti-quaks increases{ » 1:5% I»

2 2:5%, despiteadditional constraints
on quaks in new t.
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Drell-Y an corrections

Now include carections(Anastasiou,
Dixon, Melnikov, Petriello) for W; Z and
°® data using Vrap and FEWZ

The K -dﬂm&oﬁm for Drell-Yan production
at EB66{ = s = 388GeV.

Enhancementat higher xg = x; | Xo
due to logaithms. Simila to In(1 | x)
enhancementn structure functions.

carectionslarge, carections
signi cant { 10% or more.
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Quality of t to E866 Drell-
Yan production at E866 in proton-
proton collisions{ now with radiative
carections.

At NNLO requiresnaormalization set to
upper erra band,i.e. 1:065

E866 pp DY data (~ 1.065) / MSTW2007 NNLO (prel.) fit, c? =231/184 pts.

Apat from some suggestionin lowest

M bin no systematic problem with t
(contrary to other claims).
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W-asymmetry

The W-asymmetryat the Tevatronis de ned by
A (Y) = d¥W™)=dyj d¥W')=dy 1, u(x1)d(xz) i d(xg)u(xz)
PRI AW )=dy + dAW)=dy " u(xa)d(x2) + d(x1)u(xz)
wherexi, = xgexp(8y): Xo= PU.

S

In practice it is the nal state leptonsthat are detected, so it is really the lepton
asymmetry

_ M) Al
A = =y v

which is measured.De ning angleof leptonin W rest frame

coS ' = 1j 4E2=M{ ! Viep = Yw 8§ 1=2log((L + cosp®)=(1j cosy?))
In practice at highishy,ep
V(") Y1) 1 u(xa)d(x2)(1i cosp’)?+ d(x1)b(x2)(1+cos )%} u(xz)d(x1)(1+cos k)’

so fairly sensitiveto anti-quarks at lower E .
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Compaison of ts to CDF data with
various partons. Some tension with
other data sensitiveto d(x; Q%) and

d(x; Q3?).

CTEQseemgo be slightly better shape
for somereason.

New CDF data doesin°uenced(x; Q?)
in MSTW t.
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Samewith DO data. Similar results. Would like larger d(x; Q?) for x » 0:2.

More sensitiviy to seaquaks dueto lower pt values.

D/ data on lepton charge asymmetry from W  ® nm decays

M/m 0.2 ]
= C p;>20GeV, E;>20GeV, M. >40 GeV
< B T
0.15— TN .
0.1—
0.05— D/ZERun 11 (10 points) . \
- MSTW NLO PDF fit (c2 = 23) )\
B (preliminary, 17/10/2007) . % \
0 T Same but no antiquarks -
- MSTW NNLO PDF fit (c2 = 26)
— (preliminary, 21/10/2007)
-0.o06— |- CTEQ6.5M (c2 = 13)
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QN__M\NV [ 0:37u(x1)l(x2)+0 ”thAxbmAxmv Z/g* rapidity shape distribution fromD A

Sensitiveto the down quak aswell as
the better constrainedup quak. -

0.3—

1/s ds/dy
T

0.2

DO data with 0:4f b * automatically

-
_ . w e DAERunIl
t well by MRSTO4 patons, easily 0181 |
C MSTW NLO fit
accommalated in MSTW 't oafl (el 190200
m MSTW NNLO fit
s (preliminary, 21/10/2007)
ou___________________________
0 0.5 1 1.5 2 25 3
I
> C
m 16— ° NLO fit, ¢ = 18 for 28 points
g [ = NNLOfit, c2 = 17 for 28 points
14—
H [ ]
12 * __
TR IR I
HEHW*IW nmuﬂp- w»m* 3 |
B L
o5l H
O.mll______________________________
0 0.5 1 1.5 2 2.5 3
Iy
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CDF data (preliminay) with 1f b !

more precise. Poor t with existing
MRST partons.

Improves in ret and constrains
d(x; Q%). Pulls in opposite direction
to W-asymmetry

Automatically t better at
Both cross-sectiomnd partons produce
better shape.

PDF4LHCMSTW

* .. . . .
Z/g* rapidity distribution from CDF
5 80F
S - Theory predictions normalised
g 10 W. . to total measured cross section
7)) -
© 60
50—
bom| e CDF Run Il Preliminary
301~ MSTW NLO fit
- (preliminary, 19/10/2007)
20—
- MSTW NNLO fit
10 (preliminary, 21/10/2007)
oF
” 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1
0 0.5 1 1.5 2 2.5 3
I
> Ll2p
g -
m 115 = ° NLO fit, c2 = 43 for 29 points
s F . .
B 11 = NNLO fit, ¢ = 31 for 29 points
1.05 H
HH ! I *IH T H M
L m i 1
3 ! wmmmum L i
0.95 H
0.9
0.85
O.m ” 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1 1 1 1 _ 1
0 0.5 1 1.5 2 2.5 3
Iy
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Overall dy(x; Q%) now chooses a

di®erenttype of shage. 03 o S o
Uncertainty growing more quickly as o TN
x! Oandx ! 1 than befae dueto w 0l e |
better parameterisationin determining S ,
uncertainy eigenvectos. &
aV 01 I /7 ._._‘ |
o | | ,,,,7 | L1 ,,,i | ,,,.
10° 107 107 X
Ow-v No T T T ; T T T ; T T T T T
) 2001 )
m 2007
@
N 10 |- |
> e
g
g 0
c
S|
A
8 -10 |- =
c
3
w NO | I ,i | I - ,i 1 ,.., | ,.:
107 107 107 :
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Now use fastNLO { fast perturbative calculationsKluge, Rabbertz, Wobisch
Allows easyimplemenationof hard cross-sectiorcarectionsto both Tevatron
and HERA jets. Replacegrevious\K-factors" and \pseudo-gluondata".

No major e®ecton speedof tting program. Slight in°uenceon shape of gluon even
usingjust TevatronRun | data. (Hadronizationcarrectionsnow included).

CDF Run Il inclusive jet data’= 50/33 pts. D2 Run linclusive jet data’= 58/90 pts.
>
5 05 [ ! oowB BWLS
= 05
3 0 sedddenmcrret Tt e
s o4 O Without systematic errors S T T B B B R,
2 " > 0 50 100 150 200 250 300 350 400 450
[ ® With systematic errors %
_ < 1
o = 05WB B0 !
s 03 - = 05F[ Lo ¢ .
~ P ......... ® g 0 o :
[ rOI 0 III.thII.OO..... . .
o 5] E M-I o
r —Im \,,,,7,,,,77,,,77,,,77,,,77,,,77, ,77 ,77, ,77
02 _ 0 50 100 150 200 250 300 350 400 450
i . g
i 8 'fF 1owssus
N—r
r + 05 [~
o R
o + nv + PPSSSPPPPPP g0 o hd +
S0 o 0 sl
H # @+00 + ° [ ] \,,,,77 ,77 7 7 7 ,77,,,77,,,77,,,77
i Ew % ++ +++ + | 0 50 100 150 200 250 300 350 400 450
’ ﬁ} \CREAS b ;
i ¢ ¢ . F 15WB B20
. 05 | : +
0.1 B oL hpwoooo..ooo- )
- RS P T P R R
0 50 100 150 200 250 300 350 400 450
r 1
02 - F 20WB B30 +
r 05 JPER
o\ 000 ®
03 L e e L ST T T P P
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
E; (GeV) E; (GeV)
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H1 95-97 incl. jet and dijet data, c¢2 = 13/32 pts.

>_.m0 now _DO_CQQ. _I_mm> _JO_CM_<® QDQ MSTW NLO PDF fit (preliminary, 17/10/2007)
dijet DIS data usingfastNLO. L5 L5
miw 150 < Qf < 200 GeV miw 200 < Q% < 300 GeV3
. [ [ = [ E
Fit generally excellent. Carelated 33 o |3 s
systematic uncertainties have little =% H I = L]
e®ectin this case. 1} ﬂ ﬁ L : L ¢
o.@w. _ L 09f % . % i
>.H Qo —Jo.ﬁ —A:Q\/\ O—\ommlmmo.ﬁmos. MMH © Mﬁ%wﬂmﬁﬂmmmn“ Uncertainjies) MMH o ﬁ_us_\_._:”%cmmo:m_mﬁma yncertainties)
_|mm<moc._“ O._n |.—... O.mwl ° _Aq,\o_hnmo_%ﬂ_.mm_wmmﬂﬂ:om:m::_mmv O.awl " Ao&_wmmwwwmw_mﬁmu c:om.:m_::mmv
0.5t : s 0.5t : s
Compaison to data using w0 £ Gev) s e (Gev)
partons and Cross-sectionsvery
@OOQ L5 .15
814F  300<Q?<600fGeV] 814F 600 <Q?< 5000 GeV?
Siaf Si3f
T12f s g10f
11F % 1 11F % H
H T T i HLH H
0.9F W* h % 0.9F 1 _
0.8F 0.8F
0.7F 0.7
0.6F 0.6F
0.5—— _ o 0.5 _ o
10 10
E, (GeV) E; (Gev)
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Now alsoincludeC

Inclusivejet data in di®erent

DF Runll

rapidity bins using ki jet

algaithm (mid-point cone
algaithm data seems very

similar, but numbers not yet

available).
Verygood T { A?

Full use of

= 58=76.

correlated

systematicerrass requiredfor

any sensibleresult.
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CDF Run Il inclusive jet data,

Data / Theory

Data / Theory

Data / Theory

2F
1.8 JET
16 0.0<]y"'|<0.1
14F AW °
1.2F
* 00Q¢]
E ® ]
0.8E°
0.6
e
10 pET (GeV)
2F
185 JET
6 0.7<|y'|<1.1 ¢
14F
1.2F
: oow%
@ L J
l
2
10 pET (Gev)
2
18 JET
H.mml 1.6< _v\ _ <21
2
10 P (GeV)

Data / Theory

Data / Theory

2r

1.8F o)
16 0.1< _<um._._ <0.7
14F ®
H.Mm
i
o.mm
o.mml
0.45 =
10 pET (Gev)
Nu
18F JET
16 L1<|y |<1.6
2 [ ]
1’ pE (Gev)
k; algorithm with D = 0.7
MSTW NLO PDF fit
(preliminary, 17/10/2007)
o  Without systematic
uncertainties
o  With systematic
uncertainties

c? = 58 for 76 pts.
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Slight deteriaation in t to DO run |
data in di®erentrapidity binscompaed

to using CDF run | data.

PDF4LHCMSTW

(Data - Theory) / Theory

0.5

0.5

0.5

D2 Run | inclusive jet data;’= 75 for 90 pts.

MSTW NLO PDF fit (preliminary, 17/10/2007)
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iesae s e :
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CDF run Il data prefersa smallervery high x gluon distribution compaed to run |

data. Just outsideuncertaintiesat our 13level.

Uncertaintiesat high x are a little smallerthan for MRST2001

10 GeV)

xg(x, ¢

o.o%.
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..... Include CDF Run | + DO Run Il inclusive jet d
MSTW 2007 NLO (preliminary)

ta
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Fit to Tevatron jet data little worse at since highx quaks automatically
smaller.

D2 Run | inclusive jet data;,’= 93 for 90 pts.
MSTW NNLO PDF fit (preliminary, 21/10/2007)

1 . . .
E 0.0£|h |<0. 2 —
- 00E[h[<05 o : CDF Run Il inclusive jet data, c<= 65 for 76 pts.
0.5 - °
r AR o o
N ST L LI S | .o .
LR . 5 E 5 E
Cova oo b b b bvn b b by m H.mm OOA JET AOH ..am.v H.mm OH_.A JET AON
> 0 50 100 150 200 250 300 350 400 450 = 1ep 0.0<|yT<0. % I Eouep 01<lyT<0.
@] T 14 T 14
(O] [a) E [a) o
= 1 £ ose[h <10 12p 00069 12F oooﬁw °
= = SE[h [ <L .. + . 7 Hulnaacbmoomob mkik Huliiaambboomm PR 7
~ - . | E @ oo E @ -9 -6 It@.
x 05 = EEEISRPEL LI 08f0° 08f-00° 1 %
o e unuuuuhwmmwoo. PP 0.6F- 06f
2 SRR ! ! ! ! ! ! 04F > 04t 5
T Ll Ll Ll Ll I I I I Ll L “_.O JET “_.O T
, 0 50 100 150 200 250 300 350 400 450 e (Gev) [2he (Gev)
g
S L ToE(n <15 : .2 .2
~ o5 E | § 18f 2
g T e ¢ 0 o1k 0.7<ly®<11 £
C o onn00000”0 ® ) E L4 <
Ul eetee . & Ll4f % <
T ,., ol b b b b b b I H.N”I OOOO
0 50 100 150 200 250 300 350 400 450 E teoe0c009e o1
1ree o) lo kA i L 4 ()
080 © il
1 F
£ 15£]h <20 - - + 0.6f
05 REED 04k .
C ilieseeet®® ® a pE (Gev) o pE (GeV)
0 0
H, L1l 7 Ll 7 Ll 7 Ll 7 ,-, L1 7 I 7 I 7 I 7 Ll 7 L . .
0 50 100 150 200 250 300 350 400 450 2 Ky algorithm with D = 0.7
b} 1.8 .
2 3 JET MSTW NNLO PDF fit
1 Eoaef 16<|y <21 (preliminary, 21/10/2007)
F 2.0£]h _.Aw.oo g E Y,
05 " eg® e o  Without systematic
C [ ] . .
0 E ® F 2 uncertainties
E . 08F0000 . .
Covv b b b b b b b by I Omul />\_._”—.- WV\mﬁmBmﬁ_O
0 50 100 150 200 250 300 350 400 450 “E L4 -
04k . uncertainties
2
E; (GeV) 10 PET (GeV)

At only know threshold carectionsto cross-section.Few % and °at in E+.
Total carectionsonly » 10%andsmaooth with E+ ! unlikely carections
larger than systematicuncertainties.
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Overall input gluon at of same

generalshape to previously Still dips
negativeat low x, not quite so much.
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Compaison of most up-to-date gluon

distributions at and :
General result that becomes :
more negativeat verylow x, still true. : e
. _ —  2007/NLO
Uncertainy on gluon also extremely
large at x » 10 ° at . S
%
(<]
)
0
O
%
(@)
X
0
5 L A R R R R
107 10™ 107 107 10" X1
PDF4ALHCMSTW
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MRST uncertainy blows up for very
small x, whereasAlekhin (and ZEUS
and H1) getsslowly bigger,and CTEQ

saturates(or evendecreases).

Relatedto input forms and scales.

(Neck
MSTW).

PDF4LHCMSTW

in MRST gluon cured in

percentage uncertaintyzx‘;tSGe\/2
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1 ,,,:,;_. 1 ,,,:,;

107

107 103 1072

10

-1

1

37



MRST (MSTW) parameteriseat Q3 = 1GeV? but allow negativeand positive small
X contributions. Very °exible. Repesenttrue uncertaint at low x?

Alekhin and ZEUS gluons input at higher scale { behavelike xi: at small x.
Uncertainy dueto uncertainty in one parameter.

CTEQ gluonsinput at Q3 = 1:69Ge\*. Behavelike x: at smallx where, large and
positive. Input gluon valence-lik.

Requires ne tuning. Evolvingbackwards from steepgluonat higherscalevalence-like
gluon only existsfor very narrow rangeof Q2 (if at all).

Smallx input gluontiny { verysmallabsoluteerra. At higherQ? all uncertainty due
to evolutiondriven by higher x, well-determinedgluon. Very small x gluon no more
uncertainthan at x = 0:01; 0:001L

PDF4LHCMSTW 38



Summary of Updates.

Implementedall new data at both and . Fit very good in both cases
though better for somedata sets.
Obtain ®s(M %) = 0:1197 at and ® (M%) = 0:116 at { new data and

changein de nition leadto slightly lower value. Fit m. = 1:4GeV (pole mass).

Two new parametersfor s (x; Q%) and two for si (x; Q?). Additional one for gluon
compaed to previous sets whilst maintaining stability for eigenvectos, and better
choiceof parametersfor quaks! maore realisticuncertainties,particularly at smallx.

I now 20 eigenvecto sets. ¢ A = 50 still a rough generalrule for uncertaint.

However, all parameters,or parameter eigenvectos sensitiveto only somedata sets,
particularly thosefor si (x; Q?). Detailed examinationof this sensitiviy perfamed to
improve de nition of uncertainties(seelater talk by Watt).

Can quickly seemain featuresof which data setsare constrainingwhich parameters,
and how much.
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H1 data on F,(x; Q%) constrainsmany parameters. Mainly smallx gluon (vectar 1)
and highx gluon (19). ¢ A? = 50 increasein someeigenvecto directionstakest to
about 90% con dencelimit (or beyond).

H1
v
~ 025
H° 3
2_.| ONI|
C —
0.15
e
O. T
m ° 2 ° .
0.05— -
I PR O ..
- ¢ m m e =0 ° .
O = . » = 2 8 = 2 — P
-0.05 [
|_ 1| _ | | _ 1 1 1 _ | | _ 1 1 1 _ | | _ | | _ | | _ | | _ | | __
0 2 4 6 8 10 12 14 16 18 20
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Predictions/tests at the LHC

] . L HC parton kinematics
The kinematic range for

. . 10° SEELELLLLLL BB I LLLLL LA LLL LN BRI LLL LA
particle production at the LHC m m
i< sh [ X, = (M/14 TeV) exp(zy) i
IS SNovN. 10 F Q=M M=10TeV 73
Smallish x » 0:001; 0:01 ol -
paton distributions therefae ;
vital for understanding the 1 N . i
standad production processes
at the LHC. Tt .

> F

However, even smaller (and S L wewoee S
. . 10 F RV A K NS 3
higher) x required <<:m:. one V- A S I
movesaway from zerorapidity. L i
Alreadyseendi®erentpredictions - y= ]
from di®erent groups or 10 F 11 = 106e
prescriptions,e.g Yot (W). . : :
H_.Oo I vl vl v vl vl vl vl |

10" 10° 10° 10° 10° 10° 100 10
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Uncertainy on all cross-sections

grows at high rapidity.

Uncertainy on 3(Z) and ¥(W™)
converges { both dominated by
u(x,)l(x,) at veryhighy.

Uncertainy on ¥(W' ) grows more
quickly at very highy.

Uncertainy on %(° ?) is greatestasy
Increases.

o?

All but low mass® * very preciseat
y - 2. Consistencytests for ATLAS
and CMS, or addedconstraintswith
very precisedata.

At y = 0 MRST give 0:0268 0:005
while CTEQ give 0:0368 0:004.
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% pdf uncertainty

100

[EEN
o

pdf uncertainty on
o_mA<<+V\o_<<<_ ds(W)/dy,,,
ds(2)/dy,, ds(DY)/dMdy

at LHC using MSTW2007NLO
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Potential Results from LHCb 0.3 , —

With 1f b’ * of data LHCb expectsto
obtain 212100eventsfor Z | 1 "1
for 1:9 < y < 4.9, — MSTW2007

Can caresppnd to 30 equal rapidity
bins with » 1% statistical erra at
lowest rapidity becoming higher as
data falls of at highy.

Systematic uncertaintiesalso » 1%
with fairly high correlation.

Luminosiyy uncertainy  similaly
projected at » 1%. Since this is
a common factor less important in
parton determination/ test since
no impact on shae.

Possibledata if completelyconsistent
with  current prediction shawvn

opposite.

O | 7 | | 7 | | 7 | | 7 | | 7 | | | | 7 | |

2 2.5 3 3.5 4 y 4.5
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Main discriminating power in this
type of data if result is not exactly
what is expected.

lllustrated opposite is data shifted
compaedto current predictionwhere
data shifted by factor 0:05(y | 3:4).
Relativelysmall shift.

Compaing to prediction A? =
153=30.

Blue line shovsresultof new t. Not
possibleto obtain good agreement
A% = 103=30.

HERAdataand TevatronhighE£ jet
data do not allow enoughmovement
for good t.

Discrepancywith theay discovered.

PDF4LHCMSTW
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H T T T

Also look at in°uence of data from
LHCbon (Wi )=34W™).

MSTWZ2007/

Cross-sectiofior W ! 1° . tentimes 08
Z ! 1711 put more dizcult and
more systematics.

In particular measurelepton rapidity

not W. Ignae this here. (CDF now R
work backto W). =
>
Systematicsalso cancelin ratio. 2
w
Assumethat for 1f b 1 errar » 1% M
at lowest y with similar decreaseto
befare at highy.
Data compaed with prediction 02 |-

shown.

| 7 | | 7 | | 7 | | 7 | | 7 | | | | 7 | | |
0
2 2.5 3 3.5 4 v\ 4.5 5
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This time data most sensitiveo high-
x down distribution, i.e. dy (x; Q).

Signi cant reduction in this at all x
(helped by sumrule).

Immediately just about main

constrainton this parton.
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Finally look at in°uenceof data from
LHCbon ¥(°?) for M-> = 14GeV.

d¥=dMdy for °? for this virtuality
similar to that for Z ! 1711 | atthe
Z peak.

Assumethat for 1f b ' errar a bit
biggerthanfor Z ! *7"1i at lowest
y but much lessdecreaseat high y
sincecross-sections not falling o®{
not reachingvalencequak fall o®.

Data compaed with prediction
shawn.
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This time data most sensitiveto very
low-x quak distributions.

Verysigni cantreductionin uncertainiy.

Immediately just about main
constrainton quaks for x - 0:0003
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However, this assumesperturbative
prediction of Drell-Yan production is
reliable.

As seen very large change in
prediction from order to order,
particularly for low M and high'y.

Problem with perturbative stability.
Is this due to patons or cross-
sections?
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g*/Z rapidity distributions at LHC
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Keepingpartons xed while changing
cross-sections (using MRST2006

partons) showvs pat of
Instability due to patons. Unusual
behaviourin very small x patons at

However,large changein quark-gluon
(and quak-quak) contributions at

due to 1=z divergencesin
cross-sectionappeaing at this order.

Reminiscendf behaviourof F| (x; Q?).

As in this case further
divergencest higherorders.

In(1=2)

may be sensitive to resummations
(amongst other things) at lowest M
and highest y. In region where
measurementgan be made”?
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Conclusions

partons exist now. Provisionalupdate of patons MRSTOG needto input full
data sets. Main di®erencedue to better heavy °avour prescription. This is
important. Changein W; Z cross-sectiorpredictions.

Inclusionof new data. Neutrino structure function data inconsistentat high x. Cut
at x = 0:5. Important constraintat lower x. Dimuon data tted directly. Important
constrainton strange,and weak evidencdor strangenessnomentumasymmetry New
uncertaintieson s + & feedinto other partons.

TevatronW; Z data important constrainton quarks { constrainingfor dy andto some
extentd. Slightly di®erentshage for d, (x; Q?). Better ts at

HERA and Tevatronjets now t usingfastNLO. Works well and t good. New run Il
CDF jet data includedin t. Slightly smallerhigh-x gluon! lower ®s.

Will havefull updated and partons for LHC completewith experimental
uncertaintieswith weeks. Thearetical uncertaintiesrequire maore work.

Looking forward to having HERA data on F, (x; Q%) to help determine small-
X dynamics and \averaged" HERA structure function data to help determine
uncertaintieson quarks and gluon.
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Vecta bosonproduction at the LHC good constrainton parton distributions. In some
casesHERA has helped pin down partons so that uncertaintiesof » 2% are possible
(in principle).

Fairly central rapidity measurementst ATLAS and CMS will help verify our current
partons. Asymmetrieswill provideinfo on valencequaks at smallishx.

High rapidity measurementsat LHCDb will constrain high-x down quaks, and test
smallx extrapolations. Lower mass®” measurementswill potentially probe quarks
and gluonsat lower x than evenHERA{ particularly in perturbative range.

However, perturbation seriesnot that convergentfor predictionsat lowish scalesand
smallx, simila to F| (x; Q?).

Neither standad and partons ideal for generatos. Compaison with
processeswhere known suggestsmodi ed partons, usually provides most
reliableresults. Seetalk tomorrow.

Structure of the proton incrediblywell-constrainedoy lots of di®erentdata sets. Still
lots to test/check at LHC and quite a few uncertainrealmsfor predictions. Plenty of
scope for surpises.
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At large x coexcient functions
Important again,
2 g 3 !
In3(1;
OM_W_ AXV > n H_.A_ _XXV
N
Change from to again

larger than uncertainty in each.

No realchangefrom MRST2004NNLO
partons.

PDF4LHCMSTW

15

10

percentage difference at€20GeV

-10

=" MRST2001NLO

||||||||

10

54



Not much changein light quaks due
to theseto thearetical updates.

Minor change { bit bigger than
MRST2004at small x.

Slightly lower s(x;Q?) ! moe

u(x; Q2?).

Also slightly higher®s (M 2). Negative
carection bigger !  maore

u(x; Q?).
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At small x e®ectof splitting functions

paticularly P3 (x; Q2) important. 20

y o xg(x,F=20GeV)
Positive In(1=x)=x contribution at low *\ % MRST2001NLO

X.
A®ectsgluonby tting dF,(x; Q%)=dln Q2.

Smallerat verylow x.

o _ 1 ,,,:,; 1 ,,,:,; 1 ,,,:,; 1 ,,,,:; 1

107 107 103 10%  x10™ 1
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Di®erencein cham procedure a®ects
gluon compaed to appgox MRST2004 c - B - -

t. 777 NNLO

xg(x,*=5GeV/)
Far more of a turnover at small x.

MRST2004NNL

O _ ,,,,,,,7 ,,,,,,,7 ,,,,,,,7 L1 1|
107 107 1072 x 10
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Compaison to other (Alekhin)
gluon.

Ho T T TTTT T T TTTT T T TTTT T T T T 1717

Hugelydi®erentat small x. xg(x,=5Ge\?)

Di®erencemuchbiggerthan uncertainties.

Di®erencem heavy’°avour treatments
- disagreementon what constitutes
de nition of

" N\ Alekhin NNLO

Di®erencesin data t and also in

@s(M2) (@s(M2) = 0:119). T

Note di®erencen uncertainy at low x
not just in shaye.

! NNLO

O ~<~ ,,,,,,,7 | ,,,,,,i ,,,,,,,7
107 107 1072 x 10
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Importance of treating heavy °avour
carectly illustrated by CTEQG6.5 up
gquak with uncertainties compaed
with previousversions,e.g. CTEQ6
In green

MRST in dash-dotline. Reasonable
agreement. Already used heavy
cavour treatment in default sets.
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Leadsto large changein predictionsusing CTEQ patons at LHC

o+doppr In units of c(CTEQGSM)
LHC, NLO, PRELIMINARY

szfom
W " MI " CTEQB5
Wiy —r#— | % CTEQS
2° =t s IC-Sea
gg-H°(120) | e
W*H(120) | e B
W-H(120) | "
scH(200)-bt | — g

Somedisagreementsvith MRST partons dueto di®erentgluon distributions.
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The O(®2) longitudinalcoe+cient
function C7, (x) givenby

5 0= n H o 1M 40951n(12x) 20447
Lo\ ™ T gy, X 'ox T
Clealy a signi cant positivecontribution
at small x.
OOCjﬂmﬂwngﬁmmmmj m—\dgm.__IVA Q_COD [ TTTTII T TTTTI T TTTI [ T TTII T TTTTI
20000 [~ . —
xOArv@ a
10000 i
0
:::; :::i ,:::; :::; [ | M1l
10° 10" 10° 107 10" 1
X
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Comparisons
Compae with only other partons on market { Alekhin2002
Nothing from CTEQ?

Much larger ®s(M £) in this T than that of Alekhin (® (M%) = 0:119 compaed to
0:114).

Not much di®erencan high-x valencequaks, exceptthan explainedby di®erencean
®s(M%). Very well-constrained.

Di®erencesdn low-x seaquarks. Swamped by di®erencen °avour treatments{ & d
and s(x; Q?).

Main di®erencen gluon distribution.
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Di®erencein gluon feeds through to

cham.
Alekhin200Z2much biggerat small x. ———— NNLO
Starts from zeroaswith MRST2004NNLO e
A/w_, . AlekhinNNLO
0.4
0.2
0 L] L] L]
107 1073 10 10"
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Big di®erenceat high x and Q2.

Determined by Tevatron jet data for
MRST. Fit now excellent.

Divergencesat x = 0:25 carespnds
to Et » 225GeV.

In M'S schemegluon more important
for jets at high x at because
high-x quarks smaller.
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Renamalon prediction for 1=Q?
carections for F,(x; Q%) (solid
line) and xF 5(x; Q?) (dashedine)
Dasguptaand Webler.
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Most recent Updates

Changein de nition of ®s. At satis esequation
@@m . Io@w } IH @w
@nqQz ' 4n ! 4y

where o= 11j 2=3Nf and = 102; 38=3Nj.

Solve equation exactly However, heavy “avour thresholdsstill allow for ambiguity.
PreviouslyMRST solvedde ning @ ocp via

A%/4 A4
IN(Q*=rdcp) = =i = :

To® | 2 " o®s ’ 5
whereo oc p de ned by casewhereN; = 4. Extrapolate outsidethis rangeusing
1 B 1 N 1 . 1 .
®s5(Q%) ~ ®54(Q%5)  ®s4(MZi4) ' ®se(MZ;5)
QCDNUM de nition solvesevolution equationusing®s(M %) as bounday condition
and changes\; in equationsat thresholds.Now adopt this de nition.

Equivalentto higherordersbut candi®erby » 1%.

Old MRST prescriptionnot very wieldy for . Small erras (could be carected)
similar to sizeof ambiguit.
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Fit to data clealy very good.

100 ds o -2 100 ds ,- Wy -2
CCFR P (N,N® nTmX) in GeV ™, ¢2 = 34/44 pts. CCFR P (MN® nTmX) in GeV ™, ¢2 = 34/42 pts.
2 dxdy 2 dxdy *
GeM\En y . o GeM\E y . o
MSTW NLO PDF fit (preliminary, 17/10/2007) MSTW NLO PDF fit (preliminary, 17/10/2007)
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100 ds Y -2 100 ds ,— Y -2
NuTeV — B (n.N® nTniX) in GeV ™, ¢c? = 11/21 DOF NuTeV — B (AN® nTniX) in GeV ™, c? = 28/19 DOF
GEMGEs dxdy . N GEMLE, dxdy . N
MSTW NLO PDF fit (preliminary, 17/10/2007) MSTW NLO PDF fit (preliminary, 17/10/2007)
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Fit to HERA inclusive and dijet DIS

data using fastNLO at
Cross-section.

Fit generallyexcellent.
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H1 95-97 incl. jet and dijet data,

MSTW NNLO PDF fit (preliminary, 21/10/2007)
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ZEUS 96-97 inclusive jet data,

MSTW NNLO PDF fit (preliminary, 21/10/2007)
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ZEUS 96-97 inclusive jet data,

Data / Theory

Data / Theory

Data / Theory

Perhapsmore constraint from
photon distributions.

c2 = 29/30 pts.

MSTW NLO PDF fit (preliminary, 17/10/2007)
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Tevatron jet data are essentialfor constraininghigh x gluon { HERA jet data not
sensitiveto thesex valuesand havemuch lesspull.

n/\_}
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o
—
I
~ 1
o
X
g . -
x Fit Tevatron and HERA jet data
B Fit only Tevatron jet data
-1
10 — Fit only HERA jet data
B Fit pseudogluon and L o, (~ MRST2004)
| —— Fit without any jet data
|N | | | | | | | | _ | | |
107 = 1
10 10 x“_.
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Compaison of most up-to-date gluon

distributions at and MRSTOG
New CDFIl jet data ! smallervery 2008NNLO
highx distribution at low Q. Dueto B
di®erentcouplingswashesout at higher
ON. 5 =
%
V)
ow
@
0
5L N R
107 10™ 107 107 100 x 1
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Compaison of most up-to-date gluon
distributions at and MRSTOG6 at
Q2% = 100GeV-.

MSTW2007 has smaller highx
distribution with better uncertainty
determination. Slightly bigger at low
X.
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Dependence on m

Vary m. in stepsof 0:1GeV (DIS07 - expect each®s (M %) about 0:001 lower).

M (GeV) | Afjopa >mmo ®(M7)
2659 pts | 78 pts
1.2 2541 179 0.1183
1.3 2485 129 0.1191
1.4 2472 100 0.1206
1.5 2479 95 0.1213
1.6 2518 101 0.1223
1.7 2576 123 0.1221

Clea carelation betweenm. and ®s(M 2).
For low m. overshot low Q2 mediumx data badly

Preferencefor m. = 1:4GeV. Towards lower end of pole mass determinations.
Uncertainy from t » 0:1; 0:15GeV. At best t givesm. = 1:3GeV.

Also now choose my, = 4:75GeV, I.e. reasonablegpole massvalue. Not determined
well by t.
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Possibleo getto verylow values
of x at the LHC, paticularly

LHCh. >
% 10
Can probe belov x = 10 ° - 3
beyond rangetestedat HERA ~
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E
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©
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Uncertainy on%(Z) and¥{W ™) dominatedat highy by seaquark smallx uncertaint
rather than highx uy (x). Relatedto evolutionand gluon distribution.
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Uncertainty on (W' ) dominatedat very high y by high-x dy (x). Cleanerprobe in

ratio.
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Uncertainy on ¥(°?) driven by very smallx parton distributions not very well
determinedby HERA Dominatedby evolution,gluondistribution and smallx physics.
ConsiderM -~ = 14GeV asexample.
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Constraingarton distributionsalmost
entirely at smallx.

With previous data improvement
on uncertainy on u(x; Q%) shawn.
Essentiallyidentical for d(x; Q?).

De nite narowing of uncertainy
bandfor x < 0:0L

Maximum reductionin uncertainty of
» 20% However, can improve to
perhaps» 50% with 10f b * data.
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Again we obtain even moae
iInformation if the measuremenis not
as predicted.

As befae shift predicted data by by
factor 0:05(y | 3:4).

Compaing to prediction A? =
338=30.

Blue line shovsresultof new t. Not
possibleto obtain good agreement
A? = 109=30.
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