Update on issues related to MSTW PDFs

Robert Thorne

May 23rd, 2012

University College London

Together with Alan Martin, James Stirling, Graeme Watt

and Arnold Mathijssen and Ben Watt

PDF4LHC CERN - May 2012



Variety of topics - related in various ways.

e Brief reminder of results from Monte Carlo approach using MSTW PDFs
arXiv:1205.4024.

e Comparison of MSTW PDFs with LHC data and implications.
e Study of strange quark in MSTW2008 fits and source of constraint.

e |[nvestigation of parameterisation extension dependence. Related to deuterium
corrections. Implication for LHC data.
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Monte Carlo Approach. (Graeme
Watt + RT arXiv:1205.4024)

Generate replica data sets with
central values shifted according to
size of errors. Similar to NNPDF.
Fit using standard technique.

Confirms same result as Hessian
approach using Ax? = 1 (see
previous HERA study).

Can vary all 28 parameters rather
than just 20 in eigenvectors.

Affects valence quarks at small (z <
0.01) mainly.
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Up valence distribution at Q? = 10* GeV? Down valence distribution at Q? = 10* GeV?

Fit to subsets of data.
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Can construct pseudodata from
theory predictions and make
“consistent” and  “inconsistent”
sets.

Fit to “inconsistent” sets same
uncertainty as “consistent’ sets and
x?/N ~ 1, but PDFs move many
Ax? =1 uncertainties.
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Change fit from “Collider only” to
full set for “consistent” set. PDFs
consistent but uncertainties much

reduced.
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For

“inconsistent”
uncertainties reduce in same way
but central values move far more

pseudodata

than Ax? = 1 uncertainty.

Like real situation.
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Maintain correctness of “dynamic
tolerance” approach. Easiest in
Hessian study with eigenvectors.

Up valence distribution at Q? = 10* GeV? Down valence distribution at Q? = 10* GeV?
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Comparison to LHC data.

Start with ATLAS jets. Use APPLGrid or FastNLO at NLO (Ben Watt) and correlated
errors treated as multiplicative, as suggested.

Table 1: yx? per point (90 points)
Scale pT/2 pT 2pT
Inclusive (R=0.4) 0.580 0.548 0.522
Inclusive (R=0.6) 0.630 0.584 (.587
Dijet (R=0.4) 3.76  L6T  L57
Dijet (R=0.6) 2.91 1.96 1.76

Table 2: Distribution of ris (Total 88)
Irel <1 l<|r| <2 2<|re| <3 3 <|re] < 4

Inclusive {R=(.4) 74 13 l ]
Inclusive (R=0.6) 7l 16 1 0
Dijet (R=0.4) 61 25 .- 0
Dijet (R=0.6) 55 25 B 0

MSTW fit very good, though numbers lower for inclusive data. Always close to, if not
best, particularly for & = 0.6. Not huge variation in PDFs though.

x° per point about 0.7 — 0.8 lower when multiplicative rather than additive (except
R = 0.6 dijets) since data scales up relative to theory.
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Can see how fit varies across eigenvectors.

Clearly no pull with present data. (Eigenvector x* variation lower than PDF variation.)

X2 per point for ATLAS Inclusive Jets
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Same conclusion with dijets

Overall result similar using NNLO PDFs with NLO cross sections. Approx NNLO in
FastNLO has unusual features and fit bad (previously noticed).

X2 per point for ATLAS Dijet Cross Section
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Will be interesting to see results from higher luminosity data. Looks more constraining.

CMS Preliminary L = 4.7 fb"' s =

7 TeV anti-k; R =0.7
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Excellent comparison to top cross section at NLO and approx. NNLO.

210
200

¢ (Pb)

190
180
170¢

160

150

140
130

120

PDF4LHC CERN -

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

---------- CMS, L = 0.8-1.09 fb"
%5% ATLAS, L = 0.7 fb”

mf°° = 171.3 GeV

esty C.L. PDF
MSTW08

H cTEQs.6

A cT10

O NNPDF2.1

[] HERAPDF1.0

/\ HERAPDF1.5

{ ABKMO9
GJRO8

T
x ;\ _

.....
e

e
-

Inner: PDF only
Outer: PDF+

Illllllll}

S

0724
2
VM)

PR PR I T SR S N PR
0.116 0.118 0.12 0.122

[=]
py
Y
&

May 2012

G. Watt (September 2011)

NNLO (approx.) tt cross sections at the LHC (\'s =

—~ 220
Q2

Q.
A

1= 200

180

160

140

120—

0.111 0112 0113 0114 0115 01160117 0118 0119 012 0.121

7 TeV)

R CMS, L = 0.8-1.09 fb™
- $45%. ATLAS, L = 0.7 fb" _

.|68% C.L. PDF

G. Watt (September 2011)

P e T

MSTWO8 —
() NNPDF2.1 ]
[] HERAPDF1.0 i
/\ HERAPDF15 [—

{) ABKMO09
Vertical error bars JR09
Inner: PDF only
Outer: PDF+

S

s(V2)

14



Comparison of MSTW2008 to total W, Z excellent.
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W —>lv, Z—- Il (combined) HH
10.54 £0.07 ,,, £ 0.18
0 2 4 6
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cMS 36 pb'at \s=7TeV
— T LI R L | — 1 T
NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV
[with PDF4LHC 68% CL uncertainty]
0.97 £ 0.04 nb
Z—ee HeH
0.992+0.011_,,, + 0.024 syst +0.040,,,., nb
Z—up HeH
0.968 + 0.008 _,,, + 0.020 syst +0.039,,,,,, nb
Z — Il (combined) HeH
0.975+0.007 _, + 0.019 syst T 0.039,,.; hb
1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2
o(pp— ZX)xB(Z—1) [nb]
CMS 36 pb'at \s=7TeV
NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertainty]
1.43 £ 0.04
W —ev HH
1.418+0.008 ,,, = 0.036 syst
W - uv HH
1.423+0.008 ,, + 0.036 syst
W — Iv (combined) e
1.421+0.006 ., + 0.033 syst
0.5

1 1.5
R,.= [6xB]W*)/[cxB]W")
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Also pretty good for inclusive distributions. Except some problems with asymmetry.
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Similar for CMS data, though depends on p; cut. Generally very good for LHCb.
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Calculate x*/N = 60/30 for ATLAS W, Z data again at NLO using APPLGrid. Not
best, but fairly close to any other set except CT10 which is best. Again look at
eigenvectors.

Fit improves markedly in one direction with eigenvector 9, gluon, which alters common
shape and normalisation, and 14 and 18 which alter dy, and uy/, i.e. affect asymmetry.
Not much variation in strange normalisation.

MSTW Eigenvectors for WZ Fit

12345678 910111213141516171819202122232425262728293031323334353637383940

2-8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2 per point

Eigenvector Number
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Asymmetry used by Graeme Watt in reweighting, and moves uy — dy up around

x = 0.01 - where parameterisation perhaps underestimates uncertainty. (ATLAS left,
CMS pr > 25GeV right).

u, - d, distribution at Q? = 10* GeV? u, - d, distribution at Q? = 10* GeV?
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Fits with details of = values probed for
different pr cuts (Stirling).
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Strange Quark

Recently suggested by ATLAS study that strange quark fraction at x ~ 0.01 much

larger than generally suggested - though there is quite a lot of variation.

Q%= 1.9 GeV2 x=0.023 epWZ free's ATLAS
A ABKMO9 .

B NNPDF2.1 S E—

e MSTWO0S8 —o

v CT10 (NLO)

| total uncertainty

experlmental uncertalnty
1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 | 1

02 0 02 04 06 0.8 1 1.2 1.4

Mostly determined in many fits by dimuon data

VM—>,LL_—|—W+, Wt+s—c

where the charm meson decays to a muon. From CCFR, NuTeV, the latter being

more constraining.
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100 d

- . -2
NuTeV N uX) in GeV
2, E dXdy( N X)
F MSTW 2008 NNLO PDF fit, 2= 13 for 21 DOF
o.6F [ | T
° 0.8F °
0.5F
0.7F
0.4F 0.6
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1.zl Lol T
1 1.2
o.8f L
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X X X
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1.5T mi
1.4f 14
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1 1
0.8F 0.8f

04f E =247.00 GeV
P y=0.324 .

y = 0.558

E =247.00 GeV
. y=0.771 3

0.6F

04f E =247.00 GeV

0.2

Where Q% = 2m,zE,.

Q2% =2 — 3GeV?Z.
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Significant variation in PDFs (ABM similar to MSTW). Maybe partially explained by
Q? cuts (MSTW 2GeV?, NNPDF 3GeV?, CT10 4GeV?). Strange almost unchanged

if MSTW cut 5GeV?2.

Ratio to MSTW 2008 NLO

s+5 distribution at Q? = 2 GeV?

2
1.8

NLO PDF (68% C.L.)
—— MSTWOS

X
%454 CT10
1.6 %
9.9.9,

<<< NNPDF2.1

0:0 ===+ MSTWO08 (no sub.)

14 RIS - .- . MSTWO08 (1+m’/Q?)
oo tete %0202 <

RS

KRR
1.2 I

0202020262000 0020099200290

[ S S N NN L EE LT PP X

=

0

103 2

z::\\\\\§ \

10"

Factor of (1 +m?/Q?) in NNPDF2.1 lowers MSTW a little - cuts different.

Correction of contribution from initial state charm quarks/subtraction from gluon
(0 o< s+ (1 —y)?c,y = 0.3—0.7) to be consistent with acceptance corrections moves
MSTW down very slightly (smaller y — smaller charm). Plot by G. Watt.
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Requires use of nuclear corrections.

Can vary by ~ 10% at x ~ 0.01. A little
more at low Q2.

MSTW allow no penalty variation in
nuclear corrections with three parameters
(normalisation, low x shape and high x
shape).

PDF4LHC CERN — May 2012

11g - < 11 1
1.08F 4 108 E
1.06F ] 106 =
1.04f 41 104 =
1.02f 4 102 =
E q ] 3
1E : 1 :
0.98F 4 oes 3
0.96F 4 o9 =
0.94F 1 oo 3
0.92f 4 o092 3
09t ~3 o9 E
i0? 1 0 1
X X
11g e
1.08f ¢
1.06f [
1.04f -
1.02f D
1E G
0.98f 3
0.96F 3
0.94F -
0.92f 3
09t =
107 1
X
11g "B A -
1.08f 4  1.08F 3
1.06f 3 108f E
1.04fF 4 104F =
1.02F 4 102-----% . =
1; ; 1; fet, * ;
0.98F 4 os9s / 3
0.96F 4 o096 ‘ 3
0.94f 4 ooaf =
0.92f 4 o92F =
0.95 > 0.95 - L
10 1 107 10" 1
X X
11g 5
1.08F = Nuclear corrections for iron
1.06f i at Q* = 20 GeV’
E. C 3
1.04F., 53 HKNO7 NLO (68% C.L.)
1.02f =
1E e nDS NLO
0.98F 3
0.96 ; _; """""" nDS NLO NUCMOD(x)
0.94F E “iees RATFE(x)
0.92fF : 3
095 L 5 3
10 10 1
X
24



Try various fits changing strange parameterisation. General form
s(z, Q2) + 5(x, Q%) = A(1 — 2)"(1 + ex®® + va)a?, Q% = 1GeV~.

where 0 set equal to light sea. Fix ¢ and v because the fit finds no improvement if
left free. A leads to suppression and 7 slightly greater than for light sea.

Try raising strange at low x by setting A so that s(z, Q3) + 5(z, Q3) is a third of the
total sea at input at low z. Try 4 variations.

o k=1 where k = (s+5)/(u+ d) - all other parameters fixed. Strange exactly 1/3
of sea at input. Ay? = —10 for ATLAS, W,Z data.

e k=11p-1n free. Ax? = —11 for ATLAS, W,Z data.
o k=12p-mn,~ free. Ay?> = —10 for ATLAS, W,Z data.

o k=13p-n,7v,¢€free. Ax? = —4 for ATLAS, W,Z data.
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E=1- Ax? = 1200. NuTeV dimuon
x? 25 times worse. All nuclear data
and Drell Yan data (E866 and Tevatron)
much worse.

E=11p - Ax? = 190. NuTeV dimuon
2120 worse. Nuclear and Drell Yan data
worse. Nuclear correction modified.

k=12p - Ax? = 55. NuTeV dimuon
242 worse. Nuclear and Drell Yan data
slightly worse. (Similar to CT10 strange)

E=13p - Ax? = 43. NuTeV dimuon
217 worse. Nuclear and Drell Yan data
slightly worse.

Does not resolve issues. Some pull from
ATLAS data.

Much more from W +c data (see Stirling
and Vryonidou study).
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mod/2008 at NLO for s(x,Qz)

MSTW

M STWmod/2008 at NLO for S(X,QZ)

o
o

o
©

o
™

MSTWk=1 1p

.............

MSTWk=12p
MSTWk=1 3p/\:
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Investigation of Parameterisation Issues - with A. Mathijssen.

In the light of Monte Carlo studies investigate parameterisation dependence, initially
concentrating on valence quarks.

Decide to use Chebyshev polynomials (looked at other possibilities)

z f(x, Qg) = A(1 - x>77375<1 + Z anTn(y))

i.e. keep high and low x limits. Choose y =1 — 2\/x.

T(M(x)=1-2x Ti(y(x)zl_z\/;) T{yx =1-2x"%) T{(y(x) = cos(r X))

1.0 ———

05 05 L 05

0.5

0.0F 0.0l 0.0f 0.0F

-0.5¢ —05}F -0.5 -0.5F

. . X . . .
0.001 0.01 0.1 1 0.001 0.001 0.01 0.1 1 0.001 0.01 0.1 1

Same choice as in Pumplin study. Slightly different to Glazov, Moch and Radescu.
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Fit to pseudodata for valence quark generated from very large order polynomial with
smoothness constraints applied.

Distributed evenly in In(1/xz) with percentage error constant.

0.010 - ( 0.010 - (
0.005 - l 0.005 - l
0.000 5L \ 0.000 L |
—0.005 - ‘ —0.005 - ‘
L | | | X : | | | ( X
107* 0.001 001 0.1 1 107% 0.001 001 0.1 1
0.1 0.1-
0.01 - 0.01 -
| |
0.001 M 0.001 M
\ \' | | 1 1 | X \ \i | | X
10°*  0.001 001 0.1 1 10°*  0.001 0.01 .

Percent deviation for full function - Chebyshev result on right. Order increase across
the visible spectrum (i.e. dark blue to red).

2 terms in polynomial mainly < 1% deviation. 4 terms in polynomial < 0.5% deviation
except high x.
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Contributions to 2.

1 2 3

100

0.01 -

After 5 — 6 polynomials start fitting noise, i.e. x? lower than real function.

Conclude 4 parameters fine. (Note first 2 just re-expression of standard MSTW
parameterisation.)
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c4m05 Parton distributions at ¥ = 10 GeV?* c4m05 Parton distributions at ¢* = 10" GeV?
120

Fits to data

Just applying to valence quarks Ay? =
—4.

Significant change in uy (z),x < 0.03

similar to earlier conclusion adding z?

term to parameterisation.

. 2 L
Applying also to sea and gluon Ay~ =
Fractional difference and Fractional uncertainty in xd, at ¢? = 1 GeV? Fractional difference and Fractional uncertainty in xd, at ¢* = 10* GeV*

—29 (mainly BCDMS and Drell Yan 4 I
data).

Still  change significant only for
uy (x), x < 0.03.

Fits with requirement for fitting lepton
asymmetry at LHC.

valence, valence + sea
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Little change in other PDFs.

Already 7 free parameters in the gluon.
Sticking with two terms in Chebyshev
polynomial leads to no change.

Take this a default - MSTW2008Cp
(preliminary).

Prelim.  study of uncertainties with
23 eigenvectors (one extra for valence
quarks and sea). Little change except
valence for z < 0.03, where significant
Increase.
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Given
Tevatron

previous relationship between
asymmetry and deuterium
corrections  where  partial  success
was noted revisit with extended
parameterisation.

Default for MSTW some shadowing for
x < 0.01.

Previously big improvement in fit, but
“unusual’ corrections.

Now improvement again but much
more stable, and sensible for deuterium
corrections.  (No shadowing favoured
though.)
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Fractional difference and Fractional uncertainty in xu, at ® =1GeV?

Now also get variation in dy ()

0.6/

for higher = due to deuterium A /J

correction (seen before) and = <
0.03 due to parameterization and

corrections.

Log{10.x]

Fractional difference and Fractional uncertainty in xd, at @ =1GeV?

1

Prelim. MSTW2008Cpdeut PDFs.
Fit to ATLAS W.,Z rapidity

data at NLO improves to 48/30

for MSTWCp and 45/30 for

MSTWCpeut.

—— CP, —— CPdeut
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Fractional difference and Fractional uncertainty in xS at Q¥ = 1 GeV?

Log[10,x]

Fractional difference and Fractional uncertainty in xu, at @ = 1?4 GeV?
0..

Log[10,x]

Fractional difference and Fractional uncertainty in xd, at @ =10* GeV?

Log[10.x]

0* GeV?

0.
/—\\/ 1

Log[10.x]
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Increases lepton asymmetry,
but very preferentially for high
pr cut. (Curves made here
with LO calculations).

Most of the effect already
obtained for parameterisation
extension, but some from
deuterium study.
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o
w

o
)
3

o
N

0.15

Lepton charge asymmetry

| atthe LHC (s = 7 TeV) with p_ > 35 GeV

0.1 D I

0.05

1,
o

NLO PDFs (with NLO K-factors)

MSTWO8 (68% C.L.), 2/11=5.34

;//-/////////; MSTWOSCp (prel.), 211 =1.53

--------------- MSTWO08Cpdeut (prel.), 2/11=0.95

wIIII|IIII|IIII|IIII|II}

1 1.5 2 25
Lepton pseudorapidity, | |

Prediction for pr > 35GeV CMS asymmetry data using MCFM.

Note no change to data fit, just parameterisation and some from deuterium corrections.

Main deuterium effect absence of shadowing in default fit.
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Big change in high pr cut asymmetry, but very specifically sensitive to wuy (2, Q%) —
dy (x,%). What about other quantities. Other PDFs changed little. g free but tiny
change. Expect little variation.

The % change in the cross sections (M = 120GeV).

MSTWCp | MSTWCpdeut
W Tev +0.6 +0.1
Z Tev +0.8 +0.7
W+ LHC (7TeV) +0.7 +0.3
W= LHC (7TeV) -0.7 -0.4
Z LHC (7TeV) +0.0 -0.1
W+ LHC (14TeV) | +0.6 +0.3
W= LHC (14TeV) -0.6 -0.5
Z LHC (14TeV) +0.1 -0.1
Higgs TeV -0.5 -1.8
Higgs LHC (7TeV) +0.2 -0.1
Higgs LHC (14TeV) | +0.1 +0.1
Extreme stability in total cross sections, all far inside uncertainties. Even

a(W™)/a(W~) barely more than 1%.
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Conclusions

Monte Carlo study shows that fits to real data behave more like those to “inconsistent”
than “consistent” pseudodata. Imply parameterisation limitations small except for
small-z valence quarks. Maintain Hessian approach with tolerance, but Monte Carlo
approach to using PDFs is straightforward. No clear need for a dedicated set.

MSTWOS8 fits current LHC data as well, or better than other sets, with exception of
(particularly high-p7) lepton asymmetry. In the main need more data for constraints.

Studies suggest it is very difficult to raise strange quark fraction at input for z ~ 0.01
without spoiling fit. Some, but far from full understanding of differences between
groups.

Studies of parameterisation dependence suggest ~ 4 terms in a Chebyshev polynomial
about the maximum needed for very high precision. Backs up conclusion that in
current MSTW fits the only need for an extended parameterisation is for small-z
valence quarks.

Automatically improves comparison to LHC lepton asymmetry data. Makes fit with
deuterium corrections much more stable, and these lead to further slight improvements.
Total cross sections practically unchanged.
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