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pdfs at LHC

* high precision (SM and BSM) cross
section predictions require precision pdfs:
00y, = 00,4+ ...

- ‘'standard candle’ processes (e.g. 0,) to
— check formalism
— measure machine luminosity?

 |learning more about pdfs from LHC

measurements (e.g. high-E- jets — gluon,
W*/W- — sea quarks)

Vs I\
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QCD factorization theorem for short-
distance inclusive processes

1
ox = Z / dx;dxs fa(xl,;u%) fb(X%N%‘)
a,b e

. 2 2, Q° Q7
X  Oab—X (XI:X%{p?};aS(P‘R):O‘(MR):_za 2
Hp Hy

where X=W, Z, H, high-E jets, ... and
o known

® to some fixed order in pQCD and EW
® in some leading logarithm

approximation (LL, NLL, ...) to all orders
via resummation

A
)
:

)

o (nb)

proton - (anti)proton cross sections

II'I' T T TIIITII T T IIITIII H T

Ot

Tev;;\trnn LHC

o.(E/™ > 100 GeV)

0,

o, W I:_r}‘E't > \s/4)
(M =120 GeV) A/

LV
Higgz

200 GeV

500 GeV /. \
IIII L L IIIIIII i L IIIIIII L

01 1 10

HERA-LHC Workshop, CERN
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momentum fractions x, and x,
determined by mass and
rapidity of X

x dependence of fi{x,0?)
determined by fit to data, 0?
dependence determined by
DGLAP equations:

8qi(X7Q2) o dy

@ 2a ), y (P 6@
+ Pg; g(ya as) g(;, Qz)}

dg(x,Q? la

agl(:gQ2) B 2’1T yy{quJ(y’as) ( vQZ)

+ ng(YJ as) g(;, Qz)}

Q. is NLO (or NNLO) DGLAP sufficient at
small x? Are higher-orders ~ ag" log™ x

Q (GeV)

10

10°

10

LHC parton kinematics

X, = (M4 TeV) expizy)

Q=M M= 10 TeV

M=1TeV

, 10"
important? 107 10°  10° w0t 10t 16t 1wt 1d
X
TN\
i Ap3 )~ HERA-LHC Workshop, CERN 4
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Full 3-loop (NNLO) non-singlet DGLAP splitting function!

i T T ] I I I I I ! ! | ! 1 T I L) L] L) i LI IIIIIII ! |||||||| T lllllrrl T llllllll T T
1 i _.l
1200 [%

(1-x) P, (x)

1-x)PY (x) -

S
ﬂs’)
\¥/

§

HERA-LHC Workshop, CERN
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pdfs from global fits

Formalism

NLO DGLAP

MSbar factorisation
Q2

functional form @ Q,?
sea quark (a)symmetry
etc.

Data

DIS (SLAC, BCDMS, NMC, E665,
CCFR, H1, ZEUS, ...)

Drell-Yan (E605, E772, E86G, ...)
High E; jets (CDF, DO)

W rapidity asymmetry (CDF)

VN dimuon (CCFR, NuTeV)

etc.

11,6609 # 5,007 |

| ay1,) |

Who?

Alekhin, CTEQ, MRST,
GGK, Botje, H1, ZEUS,
GRYV, BFP, ...

l

| http://durpdg.dur.ac.uk/hepdata/pdf.html |

_ e,
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100 1000
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o(gqqg — Hqq) [pb] T
V5 = 14 TeV
MRST —
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I T
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2 L2

Tt
1

0.05 b -

0.9 .

100

- MRST ——
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pdf uncertainties
encoded in parton-parton
luminosity functions

solid = LHC
dashed = Tevatron
Alekhin 2002

A
)
:

AL /(%)

10° 10
M (GeV)

HERA-LHC Workshop, CERN
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luminosity uncertainty (percent)
PrMOOSLAMONMEOD®ON RO

Note: CTEQ gluon ‘more

:)
Y

-
o

;
¢

L A or less’ consistent with
- parton luminosity uncertainties . MRST gluon
[ atLHC p 1
Z q gbar — XE xg®.Q) Q=2 GeV*
10° 10° i

M, (GeV)
Note: high-x gluon should MRST201C
become better determined / Hession ncesiny
from Run 2 Tevatron data il

! - CTEQGM
Q. by how much?
HERA-LHC Workshop, CERN 10



why do ‘best fit’ pdfs and errors differ?

® different data sets in fit

— different subselection of data

— different treatment of exp. sys. errors
¢ different choice of

— tolerance to define # df. (CTEQ: Ax?=100, Alekhin: Ay?=1)
— factorisation/renormalisation scheme/scale

—_ QOZ

— parametric form Ax?(1-x)°[..] etc

— ag

— treatment of heavy flavours

— theoretical assumptions about x—0, 7 behaviour

— theoretical assumptions about sea flavour symmetry

— evolution and cross section codes (removable differences!)

— see talks in PDF Working Group!

:)
Y

HERA-LHC Workshop, CERN
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1.4} feor(z,Q?)
Q2 — (100 GeV)?
MRST/CTEQ
1.2 -

0.6

le-05 0.0001 0.001
X

A
)
:

0.01

0.1

i

1.4 feor(z, Q?)
@ = (100 GeV)?
AlekhinXCTEQ
1.2 -

0.6

le-05 0.0001 0.001

HERA-LHC Workshop, CERN
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- —— MRST2002NLO
* MRST: Q2=1GeV2 Q2= L CTEQ6.M
2 GeV? - Q%= 2 GeV?
2 |
xg = Ax*(1-x)b(1+Cx">+Dx) .
— Ex<(1-x) g
o
m -
° CTEQ6:Q2=1.69Gev?, < 1r
Q. =4 GeV? '
xg = Ax*(1-x)’e*(1+Cx)* _
0 painl nl ul nl
107 10 10° 10 10

:)
v
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2.00

1.75F

1.50

1.25

1.00

0.75 F

0.50 |

0.25 F

0.00

tensions within the global fit?

)

systematic error

systematic error

Experiment A + + + + + ‘|r

Experiment B

[ [ [ [ [ [ [ [ [ [ [ [ [
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14
measurement #

* with dataset A in fit, AX?=1 ; with A and B in fit, AX?="?

® ‘tensions’ between data sets arise, for example,
— between DIS data sets (e.g. lH and vN data)
— when jet and Drell-Yan data are combined with DIS data

:)
Y

HERA-LHC Workshop, CERN
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CTEQ ag(M,) values from global analysis with Ax? =1, 100

A Xj =1 ranges from GA Hypothesis testing uncertainty ranges

0.09 0.1 0i1 012 013 014 015 0.09 0.1 L L
—— BCDMSp ® BCDMSp
scoiil . BCDMSd
—e— Ha - Hla
—— I - Hib
—e— ZEUS - ZEUS
—e— NMCp . NMCp
. NMCr N
—e=— (CCFR?2 g CCFR2
—e— CCFR3 ———— CCFR3
—e— E605 » E605
-t (CDFw ® CDFw
. ES66 - ES66
== DoOjet ——0——— D0jet
—~— CDEet e CDFjet
0.09 0.1 011 012 013 014 015 0.09 0.1 o1l 012 013 014 0I5
alpha S alpha S
v Y
~n(Ap3 e HERA-LHC Workshop, CERN 15
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as small x data are systematically removed from the MRST
global fit, the quality of the fit improves until stability is
reached at around x ~ 0.005 (MRST hep-ph/0308087)

Q. Is fixed—order DGLAP insufficient for small-x DIS data?!

A = improvement in ¥? to remaining data / # of data points removed

Teut - 0 0.0002 | 0.001 |0.0025 | 0.006 | 0.01
# data points | 2097 | 2050 1961 1898 1826 1762
as(MZ2) 0.1197 | 0.1200 | 0.1196 | 0.1185 | 0.1178 | 0.1180
Xz > 0) 2267
x*(z > 0.0002) | | 2212 | 2203
x*(z > 0.001) | 2134 ||2128 | 2119
x*(z > 0.0025) | 2069 | 2064 |[2055 | 2040
x*(z > 0.005) | 2024 | 2019 | 2012 ||1993 | 1973
x*(z > 0.01) 1965 | 1961 1953 | 1934 I1917 1916I
Art! 019 010 0.24 0.28  0.02

_ e,
V4 Y
N 4

¢

HERA-LHC Workshop, CERN
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the stability of the small-x fit can be
recovered by adding to the fit empirical
contributions of the form

In®1/z In”1/zx

ln31/x 1n21/1‘
31 9

Py — Py + BaszLal (

... with coefficients A, B found to be O(1)
(and different for the NLO, NNLO fits);
the starting gluon is still very negative at
small x however

_ge———,,
v -\

AP 3 pnn HERA-LHC Workshop, CERN 17



extrapolation errors

f(x)

oh b bViocoadMwdromo N ®

theoretical insight/guess: f~Ax asx— 0

theoretical insight/guess: f~+*A x %% asx — 0

:)
Y

HERA-LHC Workshop, CERN
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differences between
the MRST and
Alekhin v and d sea
guarks near the
starting scale

S
?5’)
\¥/

;

(

|( l'l\‘\"u
LX)

% 7 Gelsx
— EKHINGZ2
KHING2 N
RST20021
RST2002
ubar=dbar

HERA-LHC Workshop, CERN
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0.30 rrrr N

! —— MRST2002NLO
025 [ - ALEKHINO2NLO
i ® CCFR, Z Phys C 1995

Q% =4 GeV’

i_ I | 1 1 I 1 1 L I | I | 1 I 1 1 -] I i i 1 I i1 1 1




3.6 ¢

O'(W) and O—(Z) : 34 EW Tevatron Z(X10)_§
- ., 32 F (Run 2) E
precision predictions 20 } R
and measurements at E 22: ::::E::_:::: NNLO ; L :
the LHC m 24 — CDF DO(e) DO(p) — R —
o 22F CDF DO(e) DO(k)

20 F =

18 F o 3

16 E E

24 ¢ :

23 W LHC Z(x10)

LHC nb) 2 F :
219 . -

MRST2002 | 4 (eXpt) sat v
—19fF oot 3

CTEQS6 205 A8 (expt) I
Alekhin02 \tot) o 17 Lo [ 3
16 | =

similar pagbns different Ax? 14 +49% total error —

NNLO evolution: van Neerven, Vogt approximaton 10 vermaseren et al. moments
NNLO W,Z corrections: van Neerven et al. with Harlander, Kilgore corrections

_ge———,,
V4§ ~\

A AP 3 hnn HERA-LHC Workshop, CERN 21

¢



ratio of W—and W™ rapidity distributions

d(x1)§_(xz)+ L

ratio close to 1 because u = u etc.

(note: MRST error = £1%:%)

u(x1) & x2)+:::

o o o
EN o) o

do(W)/dy / do(W")/dy

o
N

| x,=0.006
| x,=0.006

sensitive to large-x d/u
and small x u/d ratios

—

—— ALEKHINO2NLO
00—

x,=0.52
x,=0.000064 |-

\

4

0 1 2 3
Q. What is the experimental precision? Y
~A(Ip3rnr HERA-LHC Workshop, CERN 22
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summary and outlook

® need a better understanding of differences
between pdf sets (central values and errors): not
just ‘experimental errors’ (easier) but theoretical
errors too (harder).

® are apparent ‘tensions’ between data sets
caused by experiment or theory?

® is high-precision F, data from HERA revealing
breakdown of fixecf order DGLAP? If so, what
are implications for LHC? s B o) et

‘ ; ' + need for NNLO Kl I P
L = = + small x/large x competition for gluon momentum fraction

+ impact of /need for including HERA jet data in global fits .
+ impact of NNLO jet cross section given uncertainty on high x
() e i am ok ~L L. .11 T Glndie 2 - olliaer
+ uncertaint f's at beginning of LHC era
fb Tevatron and 1 fb"-1 of HERA data .
= understan ence between CTEQ and MRST predictions P h
ry W tion f S I CS
’? tanc ameterization/data selection/renorm scheme
are dif nces for W and Z acceptances?
NNI DGLAP~ S CoONference
i 1 i ?
r

_ e,

NG %) 0 HERA-LHC Workshop, CERN 23
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summary and outlook contd.

® impact on global fits of HERA jet data? (e.qg.
VY g—yjets)

® current interest in flavour structure of sea: e.qg.

ubar # dbar and s Zsbar (NuTeV). Can LHC
provide information? (e.g. sg — W c)

® moving beyond inclusive regime — the role of
unintegrated (in k) parton distributions?

®* improvements expected by LHC start-up? (i.e.

from theory + new HERA, Tevatron data)

Vs T\
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