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Outline

In this talk | will present results on continuing updates in PDFs within the
MSTW framework. A new set Is very close to being Pnalized, with no
signibcant changes expected to the PDFs shown here. Updates:

¥Changes in theoretical procedures (updated parameterisation, error
treatment, nuclear corrections...).

¥Inclusion of a variety of new data sets, including the most up-to-date
LHC data:

| WE, Z, tt

HERA updates

Jet data

DY @CMS double differential

Jet data @NNLO (not included in bt)



Theory changes - extended parameterization

¥Continue to use extended parameterisation @ithbyshev polynomialas in
recentMISTWCPdeusstudy E€ur.Phys.J. C73 (2013) 2318

¥For valence and sea quarks, instead of taking

vf(z,Qp) = Al —2) o (1 +ex™ + )
take xf (x,Q2) = A(1 —x)'x’ (1 +y aiTi(y(X))> y(z) =1 —2Vx

whereT; ar€hebyshev polynomialsconvenient choice of basis for interpolating
polynomial. By considering differemt can perform systematic study.
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Deuteron correction - bt

1.04

¥In order to separate awd at moderate
to largex use DIS data on deuteron targets.

— Need to include nuclear corrections. ;
FUz,Q%) = c(2)(F™(2, Q) + F™(x,Q%))/2 5 L
¥Parameterise(x) and allow tovary with § =~ "
no penalty in pt.

¥Previously big improvement in bt
for M STWCPdeu,t bUt nOt exaCtly ---------- MSTWCP - 4 deuteron parameters
as eXDECted at IOWN . R MSTWCP - 3 deuteron parameters

------------------- MSTWCP - 2 deuteron parameters

¥Now behaves more like

---------- prelim - 4 deuteron parameters

expectations, and parameters are 004 Lo

left free at (and now ). | Tatio of dy(x Q=1GeV: e ratio of dy(x,Q=10000GeV?)
Uncertainty of abou0.5 — 1% 2 [ 12 %
Feeds into PDF uncertainty. |~ I T e
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Treatment of errors

¥Systematic errors generally multiplicative (uncertaidy =~ measured value, as in
e.g. overall normalization uncertainity percentage error).

¥Usingy? debnition:

2
2 - NptS D —I_chorr r O-liofr T/ Ncorr r2
X — ZiZI o uncorr k=1 k9

I

whereo’" = B T;  a#, ;"  are the percentage error. Additive would
use" G = #' D Previously did this for all but normalization uncertainty.

¥Wl'ltlng D _|_ Zk 0017“7“ goZTTD ~ f * DZ théh—l E:C](?rr #li:orr j"; ~ C[;/f;

¥And so: / both data and error scaled

y) 2 P
9 D —T.: /f fxD: —T. 2 f"D;! T,
<~ ( LRV ) = (f: _hncor'r> rather than X~ ~ oo

79

Incorrectly treating multiplicative errors as additive will bias results.



Nuclear corrections

Have been using de

1.2

Florian, Sassot nuclear g, |

corrections.

Update to more recent
version, de Florian,

Phys.Rev. D85 (2012)
074028.

Mainly similar, but differeng,
correction for small-x
strange.
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Improves global bt by
I 25units - NuTeV F»,
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Only small change in strange quark, (no effect on ATLAS, W,Z bt).



Other changes In theoretical procedures

¥Now use Ooptimal3M-VFNS choice Phys.Rev. D86 (2012) 07400which is
smoother near to heavy 3avour transition points (more [0 @j.

¥Correct dimuon cross-sections for missing small contribution, i.e. where charm is
produced away from the interaction point. Previously assumed this was accounted
for by acceptance corrections. Previous checks showed correction is a small effect
on strange distribution.

¥UseNMC structure function data with, (z, Q°)  correction very close to
theoreticalF; (z, Q%) value. Very little effect.

¥Branching ratid3, = B(D — p)  (for strangeness): now avoid those determined
by Pbts to dimuon data relying on PDF input. Also apply error which feeds into PDFs.
UseB, = 0.092+ 10% fronep-ex/9708014Fits preferB, = 0.082! 0.090 + 15%
with at lower end.



Changes In data setsiERA

¥HERA Run-I neutral and charged current data fteinandZEUS replaced with
combined data set with full treatment of correlated errors. Fit to data very good.
Slightly better bt ai

¥HERA combined data oRy (z,Q?)  included. Fit quality0 — 65  52fpoints.

¥All direct publishedHERA F; (2, Q°) measurements included. Undershoot data a
little at lowerQ? , but  not much more than one per point.

¥Separate Run-H1 andZEUS data not included yet. Will wait faRun-II|
combination.



Changes In data set3evatron

¥New(er)Tevatron data sets included:

I CDF W-asymmetry data
| DO electron asymmetry datap( > 25GeV  basddz&fh * )
I New DO muon asymmetry datap( > 25 GeV based o )

¥Include Pnal numbers f@DF Z-rapidity data - Pnal numbers changed after
MSTW2008pPt. (Also include very small photon contribution in theory.) Very little
change.

¥Not much change in PDFs (other than already seer-ih dy ).

¥At l s(MZ) =0.1199 from1202and at l g(MZ)=0.1180 from
0.1171
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Changes IO PDFs pre-LHC
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Light Quarks at NLO
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Changes IO PDFs pre-LHC

x(uy-dy,) at NLO
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Strange at NLO
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and strange distributions.change in branching ratio for

dimuon data not included yet
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Inclusion of LHC data

¥Work done with R.S. Thorne and P. Motylinksi usirgstNLQ APPLGrid MCF
and DYNNLBEW . Allows direct inclusion of data at NLO into bt. At NNLO still
rely on K-factor approximation:

| O‘SETM) D(M,y)Jr: O‘S;M) 2

KM (My) =1+ E(M,y)

¥ATLAS W=, Z rapidity data now included:

| Before inclusiorl * ~ 1.6 per pointfat O, ! >~ 2 per point at

| Inclusion results in some extra improvement at NLO~ 1.3 with strongest pt
on gluon PDF.

| Also goes tal “ ~ 1.3 At . The most obvious change is in the strange quark

(balance of W and Z production depends on strange).
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Inclusion of LHC data -W, Z

¥ATLAS andCMS W' — W~ asymmetry data both included, and no longer an issue
at all (c.f. extended parameterisation and deuteron corrections). Fit slightly better at

¥ HCbdataoniy™ w—- amd! e ¢ included. Both predicted/pt well“at
For the latter theory is a bit low &l fory ~ 3.5 . However, not evident in
preliminary Z — " 1~  data with higher precision.

¥CMSdataonZ ! e*e , aAdLAS high mass DY data included. Again both
predicted/pbt well.

¥CMS Z double differential (rapidity distributions fa20< M ;; < 1500 Ge\
divided into six bins) measurement included. Extends down to low mass: NNLO
much better bt than NLO at lowest mas80 — 45 GeV (more later).
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Inclusion ofLHC data -tt

¥Includett data into bt:

| 047 from thelevatron(combinedCDF andDO cross section measurement).

I All published data fromATLAS andCMS for 7 TeV and one point &tTeV

l Usem; = 172.5 GeV  (value used@vatroncombination) with an error

of 1GeV, with! * penalty applied.

I Predictions and bt good, withl_O preferring masses slightly below; = 172.5 GeV
and masses slightly above.

14



¥At

¥At

Inclusion of LHC data - jets

, LHC jet data Is included in bt:

I CMS together withPATLAS 7 TeV + 2.76 Te\Wata.

| Before btting, th&TLAS 7 TeV + 2.76 TeW” = 112/114  an@MS x* = 186/133
- comparable to the best PDFs of other groups.

I Simultaneous bt acEMS data together witATLAS 7 TeV + 2.76 Te\gives some
iImprovement folCMS, and a small amount féif LAS. The experiments seem
extremely compatible.

. bnal extracted (M%) = 0.1193

¥[HC jetsnotincluded at - more later.
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Fit quality for LHC data +

data set Npes | GPdeut | no LHC | prelim
ATLAS jets (2.76TeV+7TeV) 116 107 107 106
CMS jets (7TeV) 133 140 143 138
ATLAS W+ W~ Z 30 47 44 39
CMS W asymm pr > 35GeV 11 9 16 7
CMS asymm pr > 25GeV, 30GeV | 24 9 17 V4
LHCb Z — eTe™ 9 13 13 13
LHCb W asymm pr > 20GeV 10 12 14 12
CMS 7 — eTe™ 35 21 22 20
ATLAS High mass DY 13 20 20 21
TeV, ATLAS, CMS o, 13 8 10 7
CMS Low-high mass DY 132 385 396 373

¥W, Z data constrain gluon, as dog&g;

¥CMS W asymmetry data constrains some Ravour decomposition.
¥CMS double differential andTLAS high mass DY have little impact on PDFs.

However bt very poor at

In lowest mass bins (more later).




Change in NLO PDFs

Up quark at NLO

Includes theoretical updates and LHC data (not completely bPnal version)
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X(u,-d,) at NLO

percentage difference af€10000GeV
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Strange-+antistrange quark at NLO

percentage difference althLOOOOGe\%

T \\\\\H‘ T \\\\\H‘ T \\\\\H‘ Rl T, 71T

NLO _
NLONOLHC (prelim)
NLOLHC (prelim)

0
10 |
| | | \\\H‘ | | | \\\H‘ | | | \\\H‘ | | | \\\H“"\ | \“\ [
107 10™ 107 107 X 10t
20 T T \\\H‘ T T \-\\\H‘ T T T \\\H‘ T T T \\\H‘ :'\ \',\ T
error size at éclOOOOGe\?’
NLO
—  NLOLHC (prelim)
10 - _
0
10 | _|
| | | \\\H‘ | | | \\\H‘ | | | \\\H‘ | | | \\\.\..T‘ | \\‘\ L1
107 10™ 107 107 X g0

uncertainty is clear (erroBpn ).
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. LHC jet data?

¥For Tevatrondata use approximate OthresholdO correctamsn@kis and ﬁg "1
Oweng, ! 10% positive correction.

¥ HC corrections very similar in the highish  region (as probed dtthtror),
however these blow up for loww , I.e. far from threshold, which is probed at the
LHC.

Threshold Corrections for ATLAS and DO inclusive jets

24 ' T T - . ATLASy<03 —
ATLAS 0.3<y<0.8 —-—----
20| ATLAS 1091
gﬁgg ézégzgg ”” B.J.A. Watt, P. MOtyllnSk|
S Ll boywos —— | and R.S. Thorne, arXiv:
< DO 0.4<y<0.8 ------
9 o ret ety Sl 1311.5703
Z 418k DO 1.6<y<2.0 ———— i
5 g \ DO 2.0<y<2.4 - -
% 16 F ]
1.2 _|
jIIe-05 | | d.OIOO1 | | (I).(I)O1 | | IO.IO1 — IO.1 | | | 1
4pT2/s
! need fuli calculation. Enormous project for full calculation

(Gehrmann-de-Ridder, Gehrmann, Glover and Pmearing completion. Some
channels calculated, and some indications of the full form of the correction.
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threshold corrections- recent results

1.7_----| I I LA LR RN R L R L I L R R R L
1.6 [ Tevatron 1.96 TeV ‘
CTEQ 6.6
15 F Anti KT
4o E
13 F [P SRS
1.2 }%;_,_._._._._._.----—-—-—-—---—--':':':‘ _____________ ——
1.1 i,,——' _____________________________________________________________________ .
1 ‘——.—l _____ ....... R=04 —
09 Eow 1-loop threshold e R=05 —
....................... R=0.2 ieeeeeeee.. R=06
o8 r . R=03 .. R=0.7 ]
0.7'....|....|....|....|....|....|....|....|...
100 150 200 250 300 350 400 450 500
P, (GeV)

¥Recent repeat of threshold calculationkaymar, Moch(arXiv:1309.531) and

comparison to exact

¥Big variation withR at
matches best witik ~ 0.3 — 0.4
adjusting leads to little change.

results for different jet radik.

and threshold calculation which hasRaependence

. Bit lower than typical Tevatron value, however
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NNLO correction- existing results

Inclusive jet production:
double differential distributions

R = ﬂ.‘dr Gehrmann-de-Ridder et al.

1.6
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14f .
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12F 77— S 1.4
Il mimimmwacnomnTTT IS i
- " ] ] B T R Wi bunied B T il ettt ninten
10 107 o sy -
1.2
1.8———— . . . — T .
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de Florian et al.

\
\\ NNLO thresh., N,=0

| T T T T |
LHC, 8 TeV, |n|<4.4, anti-k,, R=0.7

NLO thresh., N;=0

_|—|_ full NLO, NNLO N
(all—gluon channel) |

500 1000 1500
Pr (GeV)

¥Calculation of all-gluon contribution to jet production performed3shrmann-de-

Ridder et al.

¥Result appears to be fairly similar to threshold correction near threshofd by
Florian et aarxXiv:1310.719%. Overall! 5" 10% positive correction which

Increases at lower |
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jets - PDF updates

¥As default set still PtsTevatrondata. Seems safe as data are always
relatively near to threshold, and corrections do not obviously break down at lowest
probedp:

¥In order to test robustness: have repeited\W2008bts with extreme modibed
K-factors for jets, I.e. multiply standard corrections ®ypr 2 and use
constantK =1.15 . All within one sigma, even for extreme changes.

¥Different story fol_.HC data. In general much farther away from threshold, lowest
not stable in threshold corrections, and large uncertainty at highest rapidity.
Therefore do not include in bt.

¥Test: try putting in very approximaié correction of! 5" 20% which

grows at lowempy . OSmallerO and OlargerO K-factor with corrections)@af ~ ~ 20&n
atp, =100GeV - rapidity independent. Prediction is good: bt quality a small
amount worse than &t O, though deteriorates slowly with larger K-factor.
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Fit quality for LHC data +

¥Jet data not btted but quality checked using OsmallerO K-fagtoy;

data set Npis | CPdeut | no LHC | prelim
ATLAS jets (2.76TeV+7TeV) 116 (107) (123) (119)
CMS jets (7 TeV) 133 (142) (137) (135)
ATLASW™ W~ ,Z 30 72 53 39
CMS W asymm py > 35GeV 11 18 15 9
CMS asymm pr > 25GeV,30GeV | 24 18 17 10
LHCbZ — e" e~ 9 23 22 20
LHCb W asymm py > 20GeV 10 24 21 13
CMSZ — e e 35 30 24 22
ATLAS High mass DY 13 18 16 17
TeV, ATLAS, CMS oig 13 8 11 8
CMS Low-high mass DY 132 159 151 149

¥Large improvement after bt 5TLAS W, Z data, mainly from strange quark, and
inCMS Z — ete™  dat&MS Wasymmetry andHCb W', W~ data.

¥CMS W asymmetry data constrains some Ravour decomposition.



Fit quality for LHC data +

¥ Jet data not btted but quality checked using OlargerO K-facar

data set Npts | GPdeut | no LHC | prelim

ATLAS jets (2.76TeV+7TeV) 116 | (117) | (132) | (128)

CMS jets (7TeV) 133 | (145) | (137) | (139)
and OsmallerO K-facter, 10%

data set Npts | CPdeut | no LHC | prelim

ATLAS jets (2.76TeV+7TeV) 116 | (107) | (123) | (119)

CMS jets (7TeV) 133 | (142) | (137) | (135)

¥ATLAS jet data deteriorates more th@niS, which with increase in systematics is
largely insensitive té-factor, though even prefers smaller one. Difbcult to guess

relative size oK-factor at two different energies.
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NNLO bt with jets - change In gluon

¥Ratio of g(x,Q?) for the default  °
NNLO bt to that in MSTW?2008, and
also bts where jet data are included

with OsmallerO and OlargerO K-factor.o -

¥In both cases changes in gluon(//3)
and Pt to other data are extremely
small. .

OSmallerO K-factor(10% )
ATLAS ! ° =119/116 — 106/ 116

and CMSx* = 138/133 ! 139/133

OLargerO K-factor(20% )
ATLAS !° =128/116 — 118/ 116
and CMS x* = 139/133 — 141/133

Gluon at NNLO

percentage difference at Q2=10000Ge\72

— NNLO
—— NNLOLHC (prelim)

—— NNLOLHCjets K ¢ (prelim)

NNLOLHC ets K, (prelim)
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Change In PDFs

Gluon at NNLO Strange+antistrange quark at NNLO
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Includes theoretical updates andC data (not absolutely pnal). Gluon uncertainty
slightly larger at higlx - no jet data in bt.



Data/Theory

CMS Drell-Yan data

¥Fit very poor at : data set N,:s | CPdeut | no LHC | prelim
CMS Low-high mass DY NNLO | 132 159 151 149
CMS Low-high mass DY NLO 132 385 396 373
¥In lowest mass bin€0 <M ;; < 45 GeV , cuts on leptans>(9, 14 GeV )
mean Is effectivelyO, and bt is very poor:

1.3 |
111 e o

0.9

20 < M;; < 30 GeV 30 < My < 45 GeV

Data/Theory




Data/Theory

20 < M;; < 30 GeV 30 < M;; < 45 GeV

0.02

0.01

1.3 |
111 e o

Data/Theory

0.9

¥Enormously improved bt quality &t due to improvement in theory.

¥Sensitivity to strange fraction in quarks, but differs/at and and weak
compared to direct constraint from dimuon data.
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CMS W asymmetry - bt

¥CMSW asymmetry {rXiv:1206.2598 - no longer an issue (extended
parametrization and deuteron corrections).

CMS 840 pb* at \s=7 TeV 0.25 1
0.25 | | -
> - p.(e) >35GeV /E{T 5 ool
3 =71 & |
c - = W —> ey AN 1 &
0.2 A .

% i //ég\ 1 2 o015l
< [ /\@‘ 1 2 "0
© et :

u L - 2
=0.15F S 4
S - 1 ° o1
S e e ] 5 prelim
3] O.l*’g< " = HERAPDF1.5 [
Q et MSTW2008NLO - > L1 ] T
L . —— NNPDF2.2 (NLO) - g l % % % % T } T }

I theory bands: 68% CL £ 1 : £ % o i

! ! ! ! | ! ! ! ! | ! J 4 )
0.050 1 > S oo -
Electron Pseudorapidity |n 0 0.5 1 1.5 2
vz |
data set Npts | CPdeut | no LHC | prelim
CMS W asymm pr > 35GeV 11 18 15 9




as(M%) as a data point

¥ag(M2) coming out similar @008pbt. Still a difference. Both fairly
compatible with global average->  try inputing this as a data point.

¥Try world average (minuBIS data) ofas (M%) = 0.1187 + 0.0007 (rather small
uncertainty, mainly from lattice):

- already within one sigma, essentially no change(4/%) = 0.1199 — 0.1195
with Ay? <2 .

. best bt givesis (M%) =0.11721  0.1177 ,i.e. very clasél1d A! ° < 2

¥Also force! ¢(M %) =0.118

. Ax? ~ 16 , but not single set deteriorates signibcantly.

. basically no further change.
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Conclusions

¥0Ongoing, but very near bnal, updates on PDFs - soon to be released.

¥Various theoretical improvements described: parameterisation, deuteron
corrections, heavy [3Bavour treatments, nuclear corrections, branching ratio for
dimuon data.

¥Inclusion of up-to-datelERA andTevatrondata

¥Directly included most relevant publisheHC data:ATLAS, CMS, LHC W,Z
rapidity data, top cross sections and all publishkeddAS andCMS inclusive jet data
(but not at ).

¥Fit good (except foEMS double differential alt - but clear reason for this).
No PDF conficts.

¥So far few dramatic effects on PDFs. Mainly strange quark and:low  valence
qguarks, largely due to change in methodology, but also newer data. Larger strange
uncertainty from branching ratio error.

¥Some uncertainty iR effect on jets. Have decided at present to walit for full
calculation. However, comparison now suggéests. O bt is happy with
moderate guesses for K-factors, with no real change in PDFs or coupling.
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Data/Theory
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Data (and error) allowed to shift by fraction f to give best bt.
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Change in various cross section predictions compared to uncertainty for

MSTW2008.
no LHC | no LHC | LHC | LHC | unc.
NLO NNLO | NLO | NNLO

W Tevatron (1.96 TeV) | +1.0 +2.1 | =05 | +0.2 | 1.8
Z Tevatron (1.96 TeV) +2.4 +2.6 | +0.5| +0.1 | 1.9
W+ LHC (7 TeV) +25 | 409 | +03| —11 | 2.2
W~ LHC (7 TeV) 0.3 | +11 | -08]| —1.9 | 2.2
Z LHC (7 TeV) +11 | 411 | 402 | —15 | 2.2
W LHC (14 TeV) +3.0 +0.8 | +0.7| —-0.9 | 24
W~ LHC (14 TeV) +0.6 | 406 | —03| —1.6 | 24
Z LHC (14 TeV) +1.7 | 406 | 402 | —06 | 24
Higgs Tevatron —3.9 +2.8 —3.1 | —3.2 5.1
Higgs LHC (7 TeV) —1.2 +0.9 | —-14 | —-2.1 | 3.3
Higgs LHC (14 TeV) 20 | 401 | -12]| —23 | 31
tt Tevatron +0.5 +4.9 | —-16| —0.7 | 3.2
tf LHC (7 TeV) 31 | 433 | —29| —25 | 3.9
tf LHC (14 TeV) 20 | 417 | —20] —20 | 3.1

Some changes of order size of uncertainty - none dramatic.
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Points near to y = 3.5 overshoot predictions in general. Feature not

present in prelim. higher luminosity Z ! u* ' data.
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CMS Drell Yan data.

Fit very poor at

even when data highly weighted.
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Repeat MSTW2008 fits with

modified K-factors for Lis

jets, i.e. multiply standard

correction by 0 or 2 and use xe(x.Q’=10000Ge V")
constant &' = 1.15. b  MSTWI008 NNLO
Extreme variations. 0 K-factor

Changes in gluon relatively b o

small. Larger K-factor slightly R K-tactor=1.15

worse x°.  Zero Kdfactor e
slightly better y?, K = 1.15 1 :
almost no change. | - L

K =0as(Mz)=0.1181 ,.

K *2 ag(Mz) =0.1159

K=1.15ag(MZ) =0.1167 .
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Using smoother schemes leads to some change in PDFs, with tendency for slight
Increase at smak  and slight decrease atigh
thanNLO. No real change ih s(M %)

for gluon. Much smalier @t
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¥Very recent improved calculation lo¢ Florian et al(arXiv:1310.7192 has built
InN R dependence. Shows correct variationllat but little extraR dependence at
. Still has problems at low|




