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Introduction
@00

Introduction: Parton Distribution Functions (PDFs)

o foa(x, Q?) gives number density of partons a in hadron A
with momentum fraction x at a hard scale Q% > /\éCD.
e Scope: | will discuss only the plainest “vanilla” PDFs.

PDFs in this talk PDFs in later talks
Proton (A = p) Nuclear

Unpolarised Polarised

Integrated over k Unintegrated/ TMDs
Integrated over bt GPDs

Perturbative heavy quarks | Intrinsic heavy quarks
Linear evolution Non-linear evolution

e Simplest case: abundant data and precise calculations available.
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Introduction: Parton Distribution Functions (PDFs)

o foa(x, Q?) gives number density of partons a in hadron A
with momentum fraction x at a hard scale Q% > /\éCD.
e Scope: | will discuss only the plainest “vanilla” PDFs.

PDFs in this talk PDFs in later talks
Proton (A = p) Nuclear

Unpolarised Polarised

Integrated over k Unintegrated/ TMDs
Integrated over bt GPDs

Perturbative heavy quarks | Intrinsic heavy quarks
Linear evolution Non-linear evolution

e Simplest case: abundant data and precise calculations available.
e Most important case (arguably): goes well beyond simply
understanding nucleon structure and QCD for its own sake.
e PDFs necessary to compute LHC cross sections and enable
o Watt diseovery/exclusion of new physics beyond the Standard Model.
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oeo

Fixed-order collinear factorisation at hadron colliders

e Expand 6,5, P,y and [ as perturbative series in as.

TAB = Z 655 + as(Q¥)60 0 +...] ® f1/a(xa, Q%) @ fiyp (X6, Q7)

a,b=q,g
. of,yn  as LO NLO
PDF evolution: 9in Q2 =5 , [P P+ asPy 4. ] ® fy/a
a'=q.g
0
as evolution: 8|:2)2 = BLO 2 _ gNLOy g
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Fixed-order collinear factorisation at hadron colliders

e Expand 6,5, P,y and [ as perturbative series in as.

TAB = Z 655 + as(Q¥)60 0 +...] ® f1/a(xa, Q%) @ fiyp (X6, Q7)

a,b=q,g
. of,yn  as LO NLO
PDF evolution: 9in Q2 =5 , [P P+ asPy 4. ] ® fy/a
a'=q.g
0
as evolution: 8|:é)2 = —5LO 2 _ gNLOy g

e Need to extract input values f,/4(x, QF) and as(M%) from data.
e Structure functions in deep- melastlc scattering (DIS):

F XBJ7 Z Cla®fa/A> Ci,a = Cilj‘ao‘i‘aSC}’\IaLo‘Jr
a=q.g
e The “standard” pQCD framework: holds up to formally
power-suppressed ( “higher-twist”) terms O(A3¢p/Q?).
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Paradigm for PDF determination by “global analysis”

@ Parameterise the x dependence for each flavour a = g, g at
the input scale Q3 ~ 1 GeV? in some flexible form, e.g.

xfp(x, Q5) = Aax (1= X) (1+ e VX 475 %),

subject to number- and momentum-sum rule constraints.

® Evolve the PDFs to higher scales Q2% > Qg using the DGLAP
(Dokshitzer—Gribov-Lipatov—Altarelli-Parisi) evolution equations.

© Convolute the evolved PDFs with C; , and G, to calculate
theory predictions corresponding to a wide variety of data.

@ Vary the input parameters {A,, A,, 7a, €2,7a, - - .} to minimise

Npts.

Data; — Theory; 2
2 / i
T ’Z_; ( Error; )

or generalisations to account for correlated systematic errors.
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Scaling violations of DIS structure functions

Hland ZEUS

.
o

HERA I NCe'p
Fixed Target

—— HERAPDF10

x02

Zex/pr)

Differentiate and insert DGLAP:

q<—q

8"_2LO(X7 Qz) _ as |:PLO FL()

onQ2 2«

LO
+Ze ’Dq%g fg/p}
q

o F, falls with @2 at large x and rises with Q? at small x.

e = Measure scaling violations to constrain small-x gluon.

e But no direct constraint on large-x gluon from inclusive DIS.

G. Watt
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Inclusive jet production at the Tevatron and LHC

Inclusive jet cross sections with MSTW 2008 NLO PDFs 10 3C

inclusive jet production fastNLO
Tevatron, \'s = 1.96 TeV . LHC,V's = 14 Tev in hadron-hadron collisions
T T T
01<y<07 00<y<0.8 ]
£ o9 YSOI3 g9 ysoeq Vs = 200 GeV/ |
§ o8k " 1 § o8k qq - jets3 102 = STAR 02<n|<08 (x 130) pp
£ ~ jets = E
£ o7t St - Vs = 546 GeV/
< 06 {1 = o COF 01<nl<07 xa0)
g g = Vs = 630 GeV f
% 05F g . jets § 2 “ 00 Ii<os iy ,‘?ﬁj_m,m_t_ﬁ(x 15)
& 04 g 510 | Vs=18TeV '
os ] s TN e LIS
oleg - jets 3 3 T peor —
0.1F | o CDF cone 0.1<y|<07 +
o . * D@ cone 0.0<y|<04 ﬁ
| Il | 4
P, (GeV) 1 ““‘,.,.ﬁv.ﬁ‘ Aﬁeit‘&‘vhﬂm
allpQCD calculations using NLOJET++ with astNLO: 1| 1| &8™ AT 205 <08
PR 0,(M)=0118 | MSTW2008PDFs | 1= pife
[MSTW, arXiv:0905.3531] ] e e e coreeiorsand o penabel
10 wwwu\z " wwwwwu\l PR
e Quarks constrained by other 10 1o L
Xp=2pg /s

data = jets constrain gluon.
[M. Wobisch et al., arXiv:1109.1310]
e LHC jets: generally lower x1, no correlated systematics.

e Current best constraint on high-x gluon from Tevatron jets.

e Possible alternative: isolated prompt photons (gqg — vq).
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http://arxiv.org/abs/0905.3531
http://arxiv.org/abs/1109.1310

Flavour decomposition from structure functions

e Assume isospin symmetry (v = uP = d", d = dP = u") and
isoscalar target (N = (p + n)/2), then structure functions are:

Neutral-current DIS in charged-lepton—nucleon scattering
4 1 -

5 = §(u+D+...)+§(d+d+...)

FEd — (FEP 4+ FF )/2_—x(u+u+d+d)+

Charged-current DIS in neutrino—nucleus scattering
Fo=(FN+FMY2=x(u+t+d+d+...)
XF3E(XF;N+XF§N)/2:X(U7 i+d—d+...)
e vN — ppX constrains s; vN — ppX constrains s.
Deuterium and neutrino DIS data provide flavour separation.

(But need nuclear corrections to extract underlying proton PDFs.)
G. Watt
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NuTeV/CCFR dimuon cross sections and strangeness

d
vuN = p = X) = BCAﬁ(UﬂN — pcX)

do
T

N  c— e v, and ¥, cross sections constrain s and 5,
respectively, for 0.01 < x < 0.2.

o |Vies|265(, Q) + | Ve ...

(s +3)/(0+d) at @ =1 GeV? Strange asymmetry, xs — x5

MSTW 2008 NLO PDF fit (68% C.L.) MSTW 2008 NLO PDF fit (68% C.L.)
T T

E 2 ,15(x O E 0.03— _ _

8 o7 Q) =2y E & pemes [ anep=oon sz S

= osf O I, Q2+ Q) 3 a ]

n E o [ 3 " ook 3
E N O

“b? 05F MRST.NLO. S F ]

< A Xt ]

T e E f oot ]

03F E| 4 ]

02 1 1 E| of ]

o01f- Idx [xs +x 5] /Idx XU +xd]=0.33 "0, d F %, =00161 ]

: . 001 I 1

102 10" 1 10°? 10* 1

x,
x,
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Flavour decomposition from Drell-Yan processes

Z and W production at Tevatron pp collider (1/s = 1.96 TeV)

éni

q
AR S do(Z
>Wﬂ< o(2) ~ 0.29u(x1)u(x2) + 0.37d(x1)d(x2)
dyz
q v

do(WT)/dyw — do(W™)/dyw - d/u(xx) — d/u(x1)
do(W*)/dyw +do(W=)/dyw  d/u(x2) + d/u(x1)

Aw(yw) =
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Flavour decomposition from Drell-Yan processes

Z and W production at Tevatron pp collider (1/s = 1.96 TeV)

éni

q
AR S do(Z
>Wﬂ< o(2) ~ 0.29u(x1)u(x2) + 0.37d(x1)d(x2)
dyz
q v

do(WT)/dyw — do(W™)/dyw - d/u(x2) — d/u(x1)
do(W*)/dyw +do(W=)/dyw  d/u(x2) + d/u(x1)

v* production at FNAL E866/NuSea (/s = 38.8 GeV)

antidown - antiup at Q 2 =10 GeV?
T

Aw(yw) =

e p beam (800 GeV) on p/d target.

SF
\)_(-/D.D E
=]
H

4 1
oPP ~ §U(X1)U(X2) + §d(x1)d(xz)

ok 14 Ef(Xz)
oPP u(x2)

X
G. Watt 9/30
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MSTW 2008
®00

Which processes constrain different PDFs?

e Processes included in MSTW 2008 analysis [arXiv:0901.0002]:

Process Subprocess Partons X range
{p,n} = £ X Yqg—gq 9,3,8 x 2 0.01
fn/p—tX v d/u—d/u d/u x >0.01
pp— ptp” X ut, dd — ~+* el 0.015 < x <0.35
pn/pp — ptp~ X (ud)/(ut) — ~* d/u 0.015 <x <0.35
v(B)N — p~ (ut) X W*q— ¢ q,q 001 <x<05
vN — p pt X W*s — ¢ s 0.01 <x<0.2
PN — utu™ X W*s — ¢ 5 0.01<x<02
efp—set X Y'qg—q g,9,q 0.0001 < x <01
etp—vX Wt {d,s} — {u,c} d,s x 2 0.01
etp > etce X v*c—= ¢, v'g — ct c. g 0.0001 < x <0.01
etp > jet + X Y'g — qq g 0.01 <x<o01
pp — jet + X 8g,98,9q9 — 2j g:q 001<x505
pp— (W* = *)X ud - W,id =W  u,d,i,d x > 0.05
pp— (Z = T07) X uu,dd — Z d x 2 0.05

o Heavy quarks (h = c, b) generated perturbatively from g — hh.

G. Watt 10/30


http://arxiv.org/abs/0901.0002

MSTW 2008
] To)

Data sets fitted in MSTW 2008 NLO analysis [arxiv:0901.0002]

Data set X* / Npts. Data set X2 / Npgs.
HI MB 99 e'p NC 9/8 BCDMS 1p Fa 182 / 163
H1 MB 97 e*p NC 42 / 64 BCDMS ud F> 190 / 151
H1 low Q2 96-97 etp NC 44 / 80 NMC pp F» 121 / 123
H1 high Q% 98-99 e~ p NC | 122 / 126 NMC pd F 102 / 123
H1 high @2 99-00 e*p NC | 131 / 147 NMC pun/pp 130 / 148
ZEUS SVX 95 eTp NC 35 /30 E665 1up F» 57 / 53
ZEUS 96-97 et p NC 86 / 144 E665 ud F» 53 /53
ZEUS 98-99 e~ p NC 54 / 92 SLAC ep F> 30 /37
ZEUS 99-00 etp NC 63 / 90 SLAC ed Fy 30 /38
H1 99-00 e*p CC 29 /28 NMC/BCDMS/SLAC F; 38 /31
ZEUS 99-00 etp CC 38 / 30 E866/NuSea pp DY 228 / 184
H1/ZEUS e*p Fgharm 107 / 83 E866,/NuSea pd/pp DY 14 /15
H1 99-00 e*p incl. jets 19 / 24 NuTeV vN F, 49 /53
ZEUS 96-97 e™p incl. jets 30 /30 CHORUS vN F; 26 / 42
ZEUS 98-00 e®p incl. jets 17 / 30 NuTeV vN xF3 40 / 45
D® Il pp incl. jets 114 /110 CHORUS vN xF3 31/33
CDF Il pp incl. jets 56 / 76 CCFR vN — puuX 66 / 86
CDF Il W — v asym. 29 /22 NuTeV vN — puuX 39 /40
o ;Vr;.’u asym. 2 ; o All data sets [ 2543 / 2699
CDF Il Z rap. 49 /29 e Red = New w.r.t. MRST 2006 fit.
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http://arxiv.org/abs/0901.0002

MSTW 2008
ooce

MSTW 2008 PDFs [http://projects.hepforge.org/mstwpdf/]
A. D. Martin, W. J. Stirling, R. S. Thorne, G. Watt

MSTW 2008 NLO PDFs (68% C.L.)

~1.2—rrmm

AL B R AL e A

Q%= 10" GeV? ]

xf(x,Q2

g/10
0.8

0.6~
0.4

0.2

PRI BT

102 10" 1

ol

10*  10°

e Error bands shown are obtained from propagation of

experimental uncertainties on the fitted data points.
G. Watt 12/30


http://projects.hepforge.org/mstwpdf/

W and Z at LHC
[ ]

Status of PDFs from different groups in October 2011

e Various fitting groups currently produce PDF sets:

MSTW, CTEQ-TEA, NNPDF, HERAPDF, AB(K)M, (G)JR.

e Quantifying and understanding differences between groups is
as (or more) important as continued improvements within groups.

e Highlight major differences in classes of data fitted:

MSTWO08 CT10 NNPDF2.1 HERAPDF1.5 ABKMO09 GJR08/JR09
HERA DIS [B] 0 0 0 [u]
Fixed-target DIS O O O 0 O O
Fixed-target DY O O O O O O
Tevatron W,Z O 0O 0O O [} [}
Tevatron jets ] ] ] 0 0 ]
e “Global” = includes all five main categories of data.

e GJRO8 almost global but restrictive “dynamical” parameterisation.

e NNPDF group use a Neural Network parameterisation.

¢ Next-to-next-to-leading order (NNLO) PDFs now available

from all groups other than CTEQ [work in progress].

G. Watt
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W and Z at LHC
[ ]

Ratio of NLO quark—antiquark luminosity functions

aﬁzq(qa) B 1 1 dx AN = N - —
95 s/T x > la(x.9)a(r/x.3)+ (g @), 7=

q=d,u,s,c,b

= X1X2

0| w

54(qq) luminosity at LHC ( \s = 7 TeV) 34(q) luminosity at LHC ( \s = 7 TeV)
T T T 5 :

12
—— MSTW08NLO — WsTwoanio
115 4444 CTEQE6 115 S99 HERAPDFLO
%44 HERAPDFLS
1.1 R crio 11
FH NNPDF2.1

1.05

Iy
o
&

-

G. Wt (September 2011)

0.95
09 09
085 0.85
o, 0.
10° 102 10" 10°

Ratio to MSTW 2008 NLO (68% C.L.)
Ratio to MSTW 2008 NLO (68% C.L.)

S/s \5/s

e Relevant values of v/3 = My 7 are indicated: good agreement
for global fits (left), but more variation for other sets (right).
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W and Z at LHC
L o]

NNLO W= vs. Z% and W™ vs. W~ total cross sections

e Correlation of ellipse < uncertainty in ratio of cross sections.

NNLO W and Z cross sections at the LHC ( \/s = 7 TeV) NNLO W* and W™ cross sections at the LHC ( \'s = 7 TeV)
= R R e e R = A e e e A
E 1.02;5 CMS, L=36pb! R‘W/Z):ms D*: E 4_5;5 CMS, L =36 pb RWMW)= 140 oo
= [ 7] aTias,L=3336pb* 09 51 2 n ATLAS, L =33-36 pb* k|
1 r t 44 156
o L ] . r b
N 7 S r ]

A 0'98: i g [ 43 4 g
O 1 3 z r 103
& 5 5
0.96[ 4 2 © F 7 2
r 1z 42F 4 5
L 68% C.L. PDF 1 g E 68% C.L. PDF 1 8
0.94 @ vstwoe 4 = r 7 @ wsTwos 1 =
L -5~ NNPDF2.1 1]l & 4.1 Vg -5 NNPDF2.1 | g
r [J HERAPDFLO 41 2 F ] HERAPDFLO 1 =
0.921- A HERAPDFL5 -1 °© C A HERAPDFLS 1 °
L ~5— ABKMO9 B 4 4 ABKMO9 ]
0.0k IR09 B £ 3R09 ]
- PDF+ag uncertainties ] 3.9 PDF+ag uncertainties 4
088t b b b 1] Bt oot v v b by 14
. 9.8 10 102 104 106 108 11 5.6 5.8 6 6.2 6.4 6.
0, B(W* ~ I*v) (nb) g, BW" - I'v) (nb)
ow+ tow- u(xa) +d(x) Ow+ u(x1)d(x2) u(xa)
= = ~ ~
o0 0.29 u(%1) + 0.37 d(%1) ow- d(x)i(x) d(x)
e Ratio insensitive to PDFs. * Ratio sensitive to u/d.

e Luminosity uncertainty of 3.4% (ATLAS) or 4% (CMS).
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W and Z at LHC
oe

NNLO W= vs. Z% and W vs. W~ fiducial cross sections

[ATLAS Collaboration, arXiv:1109.5141]

= B R R A = ———— — —
S [ ATLAS 1 £ 35 ATLAS 7
s, ;] > o
5.5+ '’ — = )
\T I 7 U [ 7 / 1
% L B é L o i
< L ] -
g 1 gt 1
B sk 7 =] 3+ -
2x [ ] = :
R IL dt=33-36 pb” ] L J'L dt=33-36 pb* |
4.5~ @ Data20105=7TeV) total uncertainty ~ — | @ Data2010Ns=7TeV) total uncertainty
[ O msTwos ~@-stalsys 1 O MsTwos ~@-stalsys

[ [ HERAPDFL5 uncertainty ] [ [J HERAPDFL5 uncertainty 1

L A ABKMO9 68.3% CL ellipse area | 2.5 A ABKMO09 68.3% CL ellipse area |

4 JR09 - L JR09 ]
R R PRI R S | 1 L L 1 L

0.4 0.45 0.5 0.55 1.8 2 2.2

) N ) o

o BR(Z/y* - IT) [nb] ofd (BR(W - V) [nb]

e Largest uncertainty in ATLAS/CMS total cross-section ratios from
acceptance calculation = compare to theory within acceptance.
e NNLO comparisons now possible using FEWZ or DYNNLO codes.
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http://arxiv.org/abs/1109.5141
http://gate.hep.anl.gov/fpetriello/FEWZ.html
http://theory.fi.infn.it/grazzini/dy.html

W and Z at LHC
L o]

W* — (*v charge asymmetry at the LHC
do(WT)/dyw — do(W™)/dyw - uy(x1) — dy(x1)
do(W*)/dyw + do(W~)/dyw u(x1) + d(x1)

do(£%)/dne —da(e7)/dne _
(€+)/dnﬁ+da(£ )/dne Aw(yw)

Aw(yw) =

Ai(ne) = @ (W*E = 1*v)

u, - d, distribution at Q 2= 10" Gev?
T T T

RAEEE R )
ATLAS+CMS+LHCb—

2
] <« 03 =
E £ Preliminary g MSTW 2008 NLO (90% C.L)  Z=%
7 02 = g OB MRSTO4 i -
2 r | — E CTEQ6.6 r/ B
2 01~ P, > 20 GeV - %; 02F - cT10 J E
5 F ] = CT10W & 3
g of 3 ;; 0.15 - NNPDF2.1 }f“" =
a E e ATLAS (extrapolated data, W - Iv) 35 pb” i 7 3
S 01 = cMsw- )36 4 01 e
= LHCb (W- pv) 36 pb* ] X< E o€
_0.2F MSTWOS prediction (MC@NLO, 90% C.L.) 3 0.05 » 7 E
I [ CTEQ66 prediction (MC@NLO, 90% C.L.) e T
E HERALO prediction (MC@NLO, 90% C.L.) ke I L I
-0.3 I | | I i b o+ 107 107 ot
0 05 1 15 2 25 3 35 4 X

on o
e First useful PDF constraint from LHC data (— NNPDF2.2).
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http://arxiv.org/abs/1108.1758

W and Z at LHC
oe

W= — ¢*v charge asymmetry at the Tevatron

P, > 25 GeV, F; > 25 GeV

P, > 35 GeV, f; > 25 GeV
: e —

o

ymmet
o

S N 9

N o

)
°o i
[
ALALIUAIE L R
R R R

0.05

Lepton charge asymmetn

)

Lepton charge asymmetry

=4
1=
5]

o
g
T[T T

-0.:

w

Der
O (prel) A, L=
DO (publ) A", L=075 0!

y | | | | |
05 05 T 15 2 25

O (publ) A, L=075 1™
COF (publ) A, L=0171

I I I |
05 1 15 2 25

-0.

=

-0.15

)
N

s
=

e Outstanding issues to be resolved concerning Tevatron data,
particularly when split up into p% bins [MSTW, arXiv:1006.2753].

e Current plan: consider only inclusive p‘f,- bin, try to fit nuclear
effects in deuteron structure functions simultaneously with PDFs.
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http://arxiv.org/abs/1006.2753

W and Z at LHC
o

W+charm as a probe of strangeness [cvs pas Ewk-11-013]

- -
w w
gluon gluon
- -+ > 10000000,
s c |, 3 clz
e Dominant sg - W cand5g — W'e. x(s +3)(x, @ =2 GeV?):
e 15% from dg — W™ ¢, 5% from dg — W' c. o NNPDF2.1
EcT10
(W ) MSTWOB
ftE N
RE =2 T ) 0.924+0.19(stat.) + 0.04(syst.
C = W19 0.92 + 0.19(stat.) & 0.04(syst.) :
o(W +c¢) o
R = ——— 2 =0.143 4 0.015(stat.) 4 0.024(syst.) .
(W T jots) (stat.) (syst.) .
Ratio | McFM (MSTWO08) | mcrM (CT10) | mcFM (NNPDF2.1)
RE 0.8817592 0.915799%¢ 0.902 + 0.008
W R. 0.11875%2 0.12579900 0.103 4 0.005
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http://cdsweb.cern.ch/record/1369558

Higgs and top at LHC
[ Jele}

Exclusion limits at 95% C.L. for SM Higgs boson

Tevatron Run Il Preliminary, L <8.6 b

T
2 LEP Exclusion Tevatron
L10 — Exclusion
E bserved
35 i
3 e eied
O
8 2
B P ¢ ITILL TN \ 4 ol
1 A : s
/ A
N
Exclusic

Tpation Fxlu
100 110 120 130 140 150 160 170 180 190 200

m,(GeV/c?)

[TEVNPHWG, arXiv:1107.5518]

MH (GeV) X ~ MH/\E

Tevatron | 156 — 177 0.08 - 0.09
146 — 232 0.02 - 0.03

ATLAS 256 — 282 0.04 - 0.04
296 — 466 | 0.04 —0.07

145 -216 | 0.02-0.03

CMS 226 — 288 | 0.03 -0.04
310 — 340 | 0.04 - 0.05

G. Watt

e o\ uses MSTW 2008 PDFs.

95% CL Limit on o/og,,
=
o

[

A+LAS F"relimin‘ary CL§ Limits‘
— Observed ]
— Expected Ldt=1.0-2.31b" |
[E+10 E|
Ct20 (s=7Tev

10*

L L L L L L L
120 140 160 180 200 220 240
m, [Gev]

CMS Preliminary, \s = 7 TeV
Combined, L =1.1-17 fb™*

—=— Observed
S5 Expected £ 1o

- Expected+20 ||
2] LEP excluded =
P7Z] Tevatron excluded ||

2

5
o
5
S 10
E
-
o
X
8 1

40 160 180 200 220
Higgs boson mass (GeV/c?)
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http://tevnphwg.fnal.gov/
http://arxiv.org/abs/1107.5518

Tevatron Higgs exclusion limits: a critical appraisal

[Baglio, Djouadi, Ferrag, Godbole, arXiv:1101.1832]

Phys. Lett. B 699 (2011) 368

2000

MSTW 2008 ——

a(gg — H) [b] ABKM 09
JRO9VFNNLO
HERAPDF 1.0(as = 0.1145) —
HERAPDF 1.0(as = 0.1176)
1.0 -

1800

1600
1400 1\
1200
1000
800

600
100
200

(

)
100 120 140 160 180 200
My [GeV]

needed L to recover sensitivity

£ (b

. .
05 . 09 T 15
G. Watt ratio to current CDF median 95%CL /sy
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http://arxiv.org/abs/1101.1832

Higgs and top at LHC
o] e}

Tevatron Higgs exclusion limits: a critical appraisal

[Baglio, Djouadi, Ferrag, Godbole, arXiv:1101.1832]

Phys. Lett. B 699 (2011) 368  Erratum-ibid. B 702 (2011) 105

2000 - - - T 2000 - - - T
MSTW 2008 —— , ) MSTW 2008 ——
o — H) [fb
1500 \ O (88 ) [ ABKM 09 — o(gg — H) [fb] ABKM 09 |
1600 JRO9VFNNLO JRO9VFNNLO
00 I HERAPDF 1.0(as = 0.1145) —— HERAPDF 1.0(as = 0.1145)
HERAPDF 1.0(as = 0.1176) — HERAPDF 1.0(ag = 0.1176) -ererre 1
1200 1.0 T
1000 +
800 |
500 -
100 -
200 F 200 | NNLO at pp = pp = L
0 0 . . . .
100 120 140 160 180 200 100 120 140 160 180 200
My [GeV] My [GeV]
20 T T T T T T T 1 T T T T T T T
needed £ to recover sensitivity sl needed £ to recover sensitivity |
12E e B
8 1 X
ns 1
up 1
L[t L [fo0- |
i} ]
e 1 L |
3 L L L . L L L [ - L L L E|
05 . 09 1 T 12 5 5 05 09 1 T 12 13
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gg — H total cross sections vs. My (and gg luminosities)
Tevatron (/s = 1.96 TeV) LHC (/s =7 TeV)
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tt total cross sections versus as(M%) at the LHC

9 t g t g t 4 t
g i g i g i a 3

o ~80% of o O from gg at LHC (7 TeV), cf. ~15% at Tevatron.
e NNLO (approx.) using HATHOR code [Aliev et al., arXiv:1007.1327].
e Compare to single most precise current LHC measurements:

NLO tt cross sections at the LHC ( \'s = 7 TeV) NNLO (approx.) t T cross sections at the LHC ( \'s = 7 TeV)
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cwae ® ABKMO9 and some HERAPDF sets disfavoured by LHC data.
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Higgs and top at LHC
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Jets as a discriminator of the high-x gluon distribution

JETS
PV: Any PDF should reproduce jet data if being used for Higgs

Closest observable to Higgs in terms of Luminosity, kinematics and power of coupling!

g o060 0 —— jet g “TTTOO
tb 4 > H
990000000+ jet g oud

[D. de Florian, talk at “Higgs Hunting 2011", Orsay, 28th July 2011]
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Jets as a discriminator of the high-x gluon distribution

JETS
PV: Any PDF should reproduce jet data if being used for Higgs

Closest observable to Higgs in terms of Luminosity, kinematics and power of coupling!

g o060 0 —— jet g “TTTOO
tb 4 > H
990000000+ jet g oud

[D. de Florian, talk at “Higgs Hunting 2011", Orsay, 28th July 2011]

e Values of Xz/NptS, for CDF Il inclusive jet data [hep-ex/0701051]:

NNLO PDF as(M2) T w=pr/2 | u=pr | n=2pt
MSTWO08 0.1171 1.39 0.69 0.97
HERAPDF1.0 0.1145 2.64 2.15 2.20
HERAPDF1.0 0.1176 2.24 1.17 1.23
ABKMO09 0.1135 2.55 2.76 3.41
JRO9 0.1124 0.75 1.26 2.21
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Parameterisation
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Input parameterisation in MSTW 2008 NLO fit

Input parameterisation (Q3 = 1 GeV?) in MSTW 2008 fit
xuy = Ay xT(1 = x)P(1+ e, VX + yu x)
xd, = Ag xP(1 — x)™(1 + €4 /X + V4 X)
xS = As x*(1 — x)"S(1 + €5 v/X + 75 X)
x(d — 1) = Ap X" (1 — x)"5F2(1 + ya x + da x?)
xg = Ag X’ (1 — x)"8 (1 + €5 v/X + 7g X) + Agr X% (1 — x)"e’
x(s+3) = A x% (1 — x)" (14 es v/ + s X)
x(s —3) = A x%2(1 - x)" (1 — x/x0)

e Ay, A4, Ag and xg are determined from sum rules.

e 28 parameters allowed to go free to find best fit,
20 parameters allowed to go free for error propagation.
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Compare to input parameterisation in HERAPDF fits

Input parameterisation (@2 = 1.9 GeV?) in HERAPDF1.0/1.5

xu, = Ay, xB (1 — x) (1 + E,, x?)

xd, = Ag, xBav (1 — x)Ca
Xt = Az xBa(1 — X)CD
xd = Az xBa(l — X)CH
x5 = 0.45 xd
XS = X§
xg = Ag x5 (1 — x)

e 10 parameters for central fit and “experimental”’ uncertainties,
additional “model” and “parameterisation” uncertainties.

e 4 more params. for HERAPDF1.5 NNLO (2 for g, 1 each for u,, d,).
e cf. Neural Network group (7 x 37 = 259 free parameters).
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Experlmental error propagat|on in global PDF flts

Hessian method (used by MSTW and CTEQ groups)

e Based on covariance (inverse Hessian) matrix of ~20 fit
parameters: diagonalise to produce eigenvector PDF sets.

e Varying values of Ax? used to accommodate minor data
inconsistencies (average value Ax? ~ 10 in MSTWO0S fit).

Monte Carlo sampling using data replicas (used by NNPDF)
o Generate replica data sets with shifted central values:

NCO[‘[‘
D, (Dm,i+ RIS o + 3 R fgr,j’-,.>.(1+ RY o)

e Calculate average and s.d. over Ny, ~ O(100) PDF sets.
e Equivalent to Hessian method with tolerance Ax? = 1.

e But more useful when fitting weakly-constrained parameters.
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Constraints provided by subsets of data using MC sampling

o Fit subsets of global data in MSTW 2008 NLO analysis:

Gluon distribution at Q 2= 10* GeV? Down valence distribution at Q 2 = 10* GeV?
T T T T T T iy T T

g z
£ £
8 <
% £ 3
> =1
< o 108 ///
‘g 5 0 //%{{/l%gg/g 2,
g 5 . Tz
7} g -
& o 20
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. Strange ?uarkdistri?u:ion atQ‘ f:w‘eev2 o ‘Upamiq‘uarkdistrib‘mion atQ ‘ 2:104G?V2
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Bayesian reweighting to include new data sets
[Giele, Keller, hep-ph/9803393; NNPDF, arXiv:1012.0836, arXiv:1108.1758]
e Suppose we have an existing set of PDFs {f,}. Compute x?2
for new data set using each fy, then calculate observables as:
Nrep Nrep

Z O[fk] O new = Nl Z Wi Xk O[fk]

repk 1 rep ;4

< old =
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Bayesian reweighting to include new data sets
[Giele, Keller, hep-ph/9803393; NNPDF, arXiv:1012.0836, arXiV:1108.1758]
e Suppose we have an existing set of PDFs {f,}. Compute x?2
for new data set using each fy, then calculate observables as:

N, N.
1 rep 1 rep )
(O)o1a = Moo ; Olfi], (O)new = . kz_; wi (X% ) Olfi]-

e Valid also if PDFs {f;} generated randomly in parameter
space (using covariance matrix from global fit) [work in progress].
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Summary
[ ]

Summary

e Reviewed (proton, unpolarised, integrated) PDF determination.
More complicated types of PDF = see later talks!
e The LHC is starting to provide useful PDF constraints, e.g.
e W% charge asymmetry = u, — d,.
e W+charm production = strangeness.
e tt, jets, isolated-y = gluon (important for Higgs).
e Non-global PDF fits can be misleading or even dangerous:
constrained by assumed parameterisation in absence of data.

e First look at Monte Carlo sampling and Bayesian reweighting
in context of MSTW fit [work in progress]. Potentially useful
techniques to study impact of new data/experiments on PDFs.
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