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®* QED-improved parton distributions

® a new approach to the high-x gluon distribution
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QED effects in pdfs

QED corrections to DIS include:
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for Q@ = 100 GeV, mq = 10 MeV, (e2) = 5/18.

included in standard radiative correction
packages (HECTOR, HERACLES)
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De Rujula, Petronzio, Savoy-Navarro 1979
Krifganz, Perlt 1988

Bluemlein 1990

Spiesberger 1994

Roth, Weinzierl 2004
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® above QED corrections are universal and can be
absorbed into pdfs, exactly as for QCD singularities,
leaving finite (as m, — 0) O(a) QED corrections in
coefficient functions

q

- W Z, ... —

Y

® relevant for electroweak correction calculations for
processes at Tevatron & LHC, e.g. W, Z, WH, ...

(see e.g. U. Baur et al, PRD 59 (2003) 013002)
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QED-improved DGLAP equations

® atleading order in a and ag
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effect on valence quark evolution:

— Ratio of MRST 2002 with em corr./MRST2002 —
at Q° =10 GeV”

B T e L T R T T L T L L I T T T TP e PP PP PP FPPPN

107 107 X 1

Ratio of MRST2002 with em corr./MRST2002
at Q°=10" GeV?

effect on quark distributions
negligible at small x where gluon
contribution dominates DGLAP
evolution

at large x, effect only becomes
noticeable (order percent) at very
large O, where it is equivalent to a
shift in ag of Aag = 0.0003

dynamic generation of photon parton
distribution

isospin violation: u”(x) # d*(x)

first consistent global pdf fit with

QED corrections included

g\/ICRS)T2004QED @ NLO and NNLO
D

""""" A \\\ QED fit is of very similar quality to
standard global fit: improved fit to
deuterium data balanced by overall
1 10 x ! deterioration due to smaller gluon
HERA-LHC Workshop CERN 5
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first measurement of y (x,0?) ?

| MRST2004
E  proton pdfs

[ Q°=20GeV?
i o4 s asaal i

10° 10*

ZEUS: "Observation of high E; photons in deep
inelastic scattering”, hep-ex/0402019

Vs = 318 GeV, Q2 > 35 GeV?, E,_ > 10 GeV
139.8° <9, < 171.8°

5<E{<10GeV,-0.7<nr<0.9

c(ep —eyX) = 5.64 + 0.58 (stat.) = g:‘;; (syst.) pb
prediction using MRST2004 QEDpdfs:

o(ep —»eyX)=6.2 £ 1.2pb

|

scale dependence
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sin?0,, from vN

30
difference

NuTeV (2001): o¥NV#N = sin? @y = 0.2277 £ 0.0016 I

c¢f. world average: sin® fy = 0.2227 + 0.0004

Paschos-Wolfenstein ratio

O_v O_.ﬂ
— NC = YNC
R

v - v
Occ — 9¢c

1
5 — sin” Ow + 5R; + 5R]5w + 5RI?ILO + 5Rs— + 5Ri;0

12

Global fit: SR, =-0.002

Lagrange Multiplier method: -0.007 < 6R-,, <+0.007 at 90%cl

(MRST, hep-ph/0308087)
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a new look at the high-x gluon distribution

® good fit to Tevatron high E; jet data
requires ‘hard’ gluon distribution

® MRST use traditional parametrisation
Axa(1-x)7[1+b vx+cx] , not quite as
good a fit as CTEQ; note that n, = 2.98
for the MSbar NLO global fit

® but recall dimensional counting
arguments for x -1 behaviour of
parton distributions

qal ~ (1—2)° g(@) ~ (L-=)°

(but in what factorisation scheme, and
at what Q? scale?)

HERA-LHC Workshop CERN
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the DIS-scheme gluon distribution

Kramer and Klasen (1996) noticed that it was easier to get a good fit to the
Tevatron high E; jet data in the DIS scheme, schematically:

MS MS .. MS M M
" = M+ AP e + AP oM

DIS _ _MS _ ~MS, MS _ s this term
g = 2 @4 CM' negligible

so that the DIS quarks (gluons) are harder (softer) at large x. (In fact the
MRST gP'S obtained from the above is negative at large x)

Therefore, suppose we write

M>(2,Q8) = ¢°P(2,Q08) + CYRs® Y. it (=, Q7).
q=u,d

and use the canonical parametrisation for gP'S (Note: no new parameters!)

If gPIS satisfies usual dimensional counting, then gMS dominated by the second

term, and will have non-trivial high-x structure as a result.

HERA-LHC Workshop CERN
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1.0

Q' =1GeV’
—— CTEQ5M
——— CTEQS5H]J
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MRST2003(NNLO) new (NNLO) fit
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jet data Only: X2 = 164 — 117 same number of
global fit: AXZ =-79 parameters as before

a sensitivity to x, Q2 cuts reduced
...and now n, = 4.5 but not eliminated — see next talk
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summary

pdf sets with O(a) QED effects are now available and
allow pEW corrections at hadron colliders to be
consistently included

isospin violation arises naturally and reduces the NuTeV
sin6,, ‘anomaly’

the structure in the high-x MS gluon distribution is
explained as an artefact of the unphysical factorisation
scheme

dimensional counting behaviour is obtained in the DIS
scheme at Q% ~ 1 GeV?

at the very least, an efficient and well-motivated way of
parametrising the starting gluon distribution

HERA-LHC Workshop CERN 14
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e the President tells me he ByLi— 8
: 1 doesn't allow negative +rE HIGGS BOSON
gluons over there P s
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0y partacles. This i the most




CTEQ, hep-ph/0201195

Fig. 24 : (a) The gluon distribution at @ = 1,2,5,100 GeV obtained from a global fit in our
parametrization, but allowing for negative gluon at small-z; and (b) Gluon uncertainty band at

) =1 GeV, covering both + and — regions. Dashed:CTEQ5, dotted:MRST2001.
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precision QCD at hadron colliders

the QCD factorization theorem for hard-scattering (short-

distance) inclusive processes:

-

()
(&)
— \_

1
O'X — Z / XmdX2 fa(X:[, ,Ur%‘) fb(X2? )u’%‘)
ab Y0

X Fapox (Xl,Xz, {pi'};as(pg), o(pR): —5

~N

Q* Q°
HR :“f_%)

where X=W, Z, H, high-E; jets, SUSY sparticles, ... and Q is the ‘hard

scale’ (e.g. = My), usually pu- = pg = Q, and G is known to some fixed
order in pQCD and pEW (or to all orders in some LL approximation)

what limits the precision?

® the order of the perturbative
expansion

® the uncertainty in the input parton
distribution functions

example o(Z) @ LHC
00,4~ 3%, 00, ==%2%
— 60-theory ~ & 4%
whereas for gg—H :
00,4t << 00

HERA-LHC Workshop CERN 18
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Tevatron parton kinematics
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forward W, Z, dijet... production at LHC
samples small and high x

. MRST2002-NLO LHC ]

: x, =012 | |% =000 4 0003

S : x,=0.0003 | [%=0006] | ' 140
c 2

> :
o |
f 2
E -

|
b =
©

but no acceptance, 0

no triggers?!
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examples of ‘precision’ phenomenology

jet production W, Z production
. Inclusive Jet Cross Section CDF and D@ Runll Preliminary
=10 B
% 5 «D@ Runll Data, L =34 pb’' -
Q103:— pmax i pp = W+X > lv+X
E - — ——l
3 g —NLO CTEQ6M, Rsep =13, Ug =M = : =
o 2
=10 10
a [ = F
S0k g ¢
o E Cone Algorithm e
g=] B -
~ b Reone = 0.7 w L pp— Z+X - Il +X
= N
- = ,.2
X 10 |
10" = © = «D@(e)  ® DB(u)
- In|<0.5 n ACDF(e) ® CDF(u)
10 & B Runl *D9(e)  ©DB(n)
- D@ Run Il preliminary - ACDF(e) 0 CDF(n)
== | L1l | L1l | L1l | L1l | L] | [ | L1l | ;I [ | L1l | {"UA‘I ¢ UA2
100 150 200 250 300 350 400 450 500 550 L | - T
Jet Transverse Momentum [GeV / ¢] 1

Center of Mass Energy (TeV)
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3.6

. E W J Tevatron Z(x10):
o(W) and o(Z) : precision Z: 1 (Run 2) ( )_é
predictions and 30 F T
measurements at the g 28 E __________ . I
Tevatron and LHC e ] “LO:::!'lt::::::):::: 3
o 24 F CDF Do(e) DO(w) - T E
. o 22 — CDF DO(e) DO(u) —
® the pQCD series 20 £ .
appears to be under 12 E
control
o EW Z(x10)
23 £ LHC X
® the EW corrections are 2 |
known and can in principle N ——— NLO
be included (see below) e T e
oo 18 ;— _______________
® with sufficient theoretical o 17F Lo
precision, these ‘standard 12 |
candle’ processes can be 14 E +4% total error
used to measure machine atone: MRS T200 (MRST 2002)
' ’ NNLO évolution: Moch, Vermaseren, Vogt
luminosity

NNLO W.Z corrections: van Neerven et al. with Harlander, Kilgore corrections
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the rapidity distributions
do/dy are also known to

NNLO = matching to

experimental acceptance

however...

pp - (Z,y")+X

80—
60—

40—

d?0/dM/dY [pb/GeV]

20—

NNLO

LO

Vs = 14 TeV —
M= M, 1
M/2 < u < 2M

LHC

MRST2002 6 (eXpt)

CTEQG

Alekhin02

205 }\8 (expt)
\tot)

similar pams)/\/different Ax?

different partons

\

HERA-LHC Workshop CERN
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Anastasiou et al.
hep-ph/0306192
hep-ph/0312266

23




14+ feor(z,@?)

@ = (100 GeV)?
MRST/CTEQ

0.6 -

0.01 0.1
7

le-05 0.0001 0.001

1

the differences between pdf sets
needs to be better understood!

1 1 lI 1 L] |I L]
1.4 F feor(z, Q%)
Q® = (100 GeV)?
Alekhin/CTEQ

0.6

le-05 0.0001 0.001

HERA-LHC Workshop CERN
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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 # 0 f; (CTEQ: Ax?=100, Alekhin: Ax2=1)
— factorisation/renormalisation scheme/scale

—_— QOZ

— parametric form Ax3(71-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 ongoing HERA-LHC Workshop PDF Working Group

HERA-LHC Workshop CERN 25



®* small MRST and CTEQ differences largely understood,
see hep-ph/0211080

mainly: CTEQ gluon at Q,? required to be positive at
small x means gqreq > 9urst there, also Ay? = 50
(MRST), 100 (CTEQ)

®* ALEKHIN gluon smaller at high x (no Tevatron jet data in
fit) and different content of sea at small x from different
assumptions about ubar-dbar as x — 0 and (ii) ratio of
strange to non-strange pdfs. Also Ay? = 1 allowed by use

of smaller overall data set.

HERA-LHC Workshop CERN 26



ratio of W—and W™ rapidity distributions

do(W)  d(x;) U(x,) + U(xy) d(xp) + ...

do(W*)  u(x,) d(x;) + d(x,) u(x;) + ...

ratio close to 1 because u = u etc.

(note: MRST error = £1%2%)

LHC W /W
MRST2002 0.75
CTEQG6 0.75
Alekhin02 0.74

do(W)/dy / do(W*)/dy

o
o

o
o

©
~

O
N

| x,=0.006
| x,=0.006

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

I

Q. What is the experimental precision?

—— ALEKHINO2NLO

0.0

x,=0.52
X,=0.000064 |-

0 1

HERA-LHC Workshop CERN
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bb—Z contribution to Z production @ LHC

-
N

11 MRST2002-NLO LHC 1
10 ol
9 a
H 8r T e----3 B
= [ i
—_— — - =
6 a
N .
u 3 sk without bb—Z i
\N
S 4t B
3 F a
2+ al
1 al
0 1 1 1 1 1 1
Note: much smaller -6 4 2 0 2 4 6
effect at Tevatron Y,
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perturbative generation of s(x) # s(x)

Pus(x) # PU5(x)
Fr—% 5= at O(a)
% (@) 4 (b |

Quantitative study by de Florian et al e
hep-ph/0404240 QG

= (X(8-8))pacp <= -0.0005 MR S—-

cf. from global pdf fit o | Sums Q°°'5“},":n;te|
(Olness et al, hep-ph/0312322,3) S I
= —0.001 < (X(s-8))s; < +0.004 4.. e e

partial eXPIRMAHEEIHTPERRIN2G,, “anomaly”? 29



éqi(xv Qz)

J log Q2

og(x,Q?)

Jlog Q2

1
;_; i d_;r{Pq;qj(yaaS) qj(
+ Pas(y,05) 8, Q") }
as ['dy
2t .y
+ Pyy(y, as) g(%a Qz)}

X
y

,Q?)

{Png (y, as) qj(§7 Q2)

J

Fic0Y) = 5, e x g(x,0?) efc

x dependence of f,(x,Q?)
determined by ‘global fit’ to deep
inelastic scattering (H1, ZEUS,
NMC, ...) and hadron collider

data

<—| DGLAP equations

Fo(%,Q*)+C(x)

14 ¢
. x=0.000032
b .. = *=0.00005 ® HI
. © x=0.00008 BCDMS
- = NMC
oot ” 8 <28.00032
- x=0. :
. - H1 NLO fit
e r_‘_ri"" .~ x=0.0005
10 [ ._,..---"" . x=0.0008
e x=0.0013
8 et . %=0.002
] et . x=0.0032
e o ses® x=0.005
e R e s+ x=0.008
' o ey e e ti X=DO13
: . P et | x=0.02
4 . °°"- .,._...o_..,,a.éx=0,0.‘52
t e, * x=0.05
B -0 G OO S e e - X=0.08
2 R R 1S T T T - S L. ) o + x=0.13
0 G000 B R R R - . 3 X=D.2
6 0.9-0- 0 OSSR O HE B 5 P - + x=0.32
0
2 3 4
10 10 10 10 L,
Q*/GeV
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pdfs from global fits

Formalism
NLO DGLAP
MSbar factorisation |
Q,?

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

Data

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

Drell-Yan (E605, E772, E866, ...)
High E; jets (CDF, DO)

W rapidity asymmetry (CDF)

vN dimuon (CCFR, NuTeV)

[t x,Q2) #561,(xQ |

| aqm,) |

Who?

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

l

etc.

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

HERA-LHC Workshop CERN
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(MRST) parton distributions in the proton

1.2 - - . T
MRST2001 up
1.0 Q*=10Gev? ~— down .
antiup
antidown
0.8 | -
strange
< charm
o6 ———gluon .
2
Y
X
0.4 -

107 107 10™ 10°
X Martin, Roberts, S, Thorne
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uncertainty in gluon distribution (CTEQ)

2.0 I I LU II| I I LI III|
Gluon uncertainty at Q=10GeV

prar

=

4+

72}

n Rl /

M 1.0 mamnEEE W | L

N E TN E

— _— _E

< - .

I :

=T C .

= 0.7 —

O 1 1 1 | <N 0.5 C 1 1 L1 11 II| 1 1 L1 11 II| Ll
107*10° 01.02 .05 .1 2 5 1 10—3 1072 X 10~1 109

then of, — o0,y etc.
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pdf uncertainties

AL/L(%)

encoded in parton-parton

luminosity functions: 10

oL, Ld ) .

9 b_/ _mfa(man)fb(T/ﬁ,Q‘) 1
T + I

with 7= M?/s, so that for
ab—X

agx o 10

1 aﬁab 1 |
s Ot

HERA-LHC Workshop CER

10°
M (GeV)

10

solid = LHC
dashed = Tevatron
Alekhin 2002
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Higgs cross section: dependence on pdfs

lOO : 1 1 Ll | I ] ] I : I I I I
o(99 — H) [pb] °
Vs = 14 TeV 1
B MRST — A -
CTEQ
]_O Alelc_hin """ — _
l -
V5 = 1.96 TeV
0.1 . ' — - | ] | |
100 1000 100 120 140 160 180 200
My [GeV] My [GeV]
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i ) 1.1 , !
o(gq — Hqq) [pb] ' 08 i
/s =14 TeV | I

& MRST —— -
CTEQ !

1.2 —
1.15 Bz
L1F
1.05

L 0.95

B.1

100

0.9

M [GeV]

0.1

100

| o(pp — Hit) [pb]

/5= 14 TeV

120
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3 ALY LY LAY LY

- MRST2002NLO
®* MRST: Q2 =1GeV? Q.2 = - —— CTEQ6.1M
2 GeV? T Q°=2GeV’
pa=
Xg = Ax3(1—x)P(1+Cx%>+Dx)
— Ex¢(1-x)d k]
o
m =
* CTEQ6: Q2=1.69GeVvz, ~1f
Q.2 = 4 GeV? '
Xg = Ax3(1-x)Pe*(1+Cx)¢ _
O | ] | |

10° 10™ 10°° 10 10™
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tensions within the global fit?

i

2.00

1.75F :
systematic error

1.50

125:+++++I : 2

systematic error X
1.00 .

075k  Experiment A + + + + + ‘|r

0.50 |

0.25F Experiment B

0.00

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

* with dataset A in fit, AX2=1 ; with A and B in fit, Ax2="?

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

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

AX2=1 ranges from GA

Hypothesis testing uncertainty ranges

0.09 0.1 01l e 0.13 0.14 0.15 0.09 0.1 0.11 0.12 0.13 0.14 0.15
—e— BCDMSp . BCDMSp
—e— PBCDMSd - BCDMSd
—e— Hla . Hla
——  1b > Hlb
—e— 7FEUS g ZEUS
—e— NMCp . NMCp
* NMCr -
—e— (CCFR2 g CCFR2
—8— (CCFR3 ——8&—— CCFR3
—a— EG605 * E605
————8—— (CDFw . CDFw
® E866 - E866
== D0jet =———0—— DOjet
—— CDFjet ¢ CDEHjet
009 01 0l 012 013 014 0I5 009 01 01l 012 013 014 0I5
alpha S alpha S
HERA-LHC Workshop CERN 39



extrapolation errors

—h

o

X

p
oh OV ioapdmdMwWwHEOON®
TTrTrTTrTvrnrTrrTunrTti

theoretical insight/guess: f~Ax asx— 0

theoretical insight/guess: f~+A x9%° asx —0

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

ubar=dbar
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0.00 L

—— MRST2002NLO
-ALEKHINO2NLO
® CCFR, ZPhys C 1995

Q? = 4 GeV?
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luminosity uncertainty (percent)
PrRMOOSAMONMAOIDON RO

atLHC

| L L LN L L LN NN BNLEN BNL N L LA L BN L LN LA |

parton luminosity uncertainties

Q

Q@
4
>

g gbar — X1

Note: high-x gluon should
become better determined |
from Run 2 Tevatron data
Q. by how much?

HERA-LHC Workshop CERN

Note: CTEQ gluon ‘more
or less’ consistent with

MRST gluon
e Q=2 GeV*

MRST2001C

Hessian uncertainty

~ CTEQ6M

10° 107 107 1




comparison with existing approximate
NNLO fits? (MRST, Alekhin)

® exact NNLO splitting functions are very close to
approximate splitting functions (van Neerven, Vogt)

based on moments & known small- and large-x
behaviours...

® ... and therefore the corresponding pdfs are almost
identical

® Note:

— the full NNLO pdf fit awaits calculation of the inclusive high E jet
cross section at NNLO

— including NNLO (splitting & coefficient functions) gives a slight

improvement in overall fit quality, and reduction in ag(M,) from
0.1191t0 0.116
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ratio of MRST2001 NLO and ‘NNLQO’ parton distributions

]: T IIIIIII| T IIIIIII| T IIIIIII| T T T TTTIT
Batio WNLO/NLO
2, 2
at "= 10 GeV
Ll o s —
7'2':'-1-:‘_*
"‘—.‘I‘-‘-\-‘h
1 %
wu
L
i
9 |- '|I'|—
g
d
G.E I Ll I = I
107 : 0?4 107
| T T
11 L RatioNNLO/NLO

at Q° = 10" GeV’




summary of NNLO collider calculations

® p+p—jet+ X*;in progress
®* p+p—y+X;in principle, subset of the jet calculation
but issues regarding photon fragmentation, isolation etc

* p+p— QQbar + X; requires extension of above to non-
zero fermion masses

®* p+p—(y*, W, 2Z) + X *; van Neerven et al, Harlander and
Kilgore corrected (2002)

p+p— (y*, W, 2Z2) + X differential rapidity distribution *;
Anastasiou, Dixon, Melnikov (2003)

® p+p— H + X; Harlander and Kilgore, Anastasiou and Melnikov
(2002-3)

Note: knowledge of processes * needed for a full NNLO
global parton distribution fit
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pdfs from global fits

Formalism

LO, NLO, NNLO DGLAP
MSbar factorisation |
Q,?

functional form @ Q2
sea quark (a)symmetry
etc.

Data

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

Drell-Yan (E605, E772, E866, ...)
High E; jets (CDF, DO)

W rapidity asymmetry (CDF)

vN dimuon (CCFR, NuTeV)

[t x,Q2) #561,(xQ |

| aqm,) |

Who?

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

l

etc.

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

HERA-LHC Workshop CERN
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summary of DIS data

ZEUS 1996-97
ZEUS BPT 1997 + neutrino

ZEUS SVX 1995 FT DIS data

H1 1994-97

Note: must impose cuts on
DIS data to ensure validity of
leading-twist DGLAP
formalism in the global
analysis, typically:

H1 SVX 1995
NMC
BCDMS

E665
SLAC

ST

N
3
K
]

ot
0K
ote!

A Q2>2-4Gev?
10 g otetetatil
| %ﬁ\\%\é XV W2 = (1-x)/x Q2 > 10 - 15 GeV/?2
A
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typical data
ingredients of
a global pdf fit

HE

H1, ZEUS F§ P(x,Q?), F§ *(z,Q?)
BCDMS FP(z, Q?), Fi(z, Q?)
NMC FP(z, Q%), FiY(z, Q2), (FI(x, Q%) /FiP (z, Q%))
SLAC FiP(z,Q?), F!(z,Q?)
E665 Fi7(z,Q?), Fi(z,Q?)
CCFR FyP (2, Q2), F¥"P(z,Q?)

— ¢q, q at all x and g at medium, small =
H1, ZEUS Fs . ”(z,Q%) — c
E605, E772, E866 Drell-Yan pN — upn+ X — ¢ (g)
E866 Drell-Yan p,n asymmetry — i, d
CDF W rapidity asymmetry — wu/d ratio at high x
CDF, DO Inclusive jet data — g at high =

CCFR, NuTeV Dimuon data constrains strange sea s, s

Note: nowadays, no prompt photon data included in fits



recent global fit work

H1, ZEUS: ongoing fits for pdfs + uncertainties from HERA and other
DIS data

Martin, Roberts, WJS, Thorne (MRST): updated MRST2001" global fit
(hep-ph/0110215); LO/NLO/'NNLO’ comparison (hep-ph/0201127); pdf
uncertainties: from experiment (hep-ph/0211080) and theory (hep-
ph/0308087)

Pumplin et al. (CTEQ): updated ‘CTEQG6’ global fit (hep-ph/0201195),
including uncertainties on pdfs; dedicated study of high E; jet cross
sections for the Tevatron (hep-ph/0303013); strangeness asymmetry
from neutrino dimuon production (hep-ph/0312323)

Giele, Keller, Kosower (GKK): restricted global fit, focusing on data-
driven pdf uncertainties (hep-ph/0104052)

Alekhin: restricted global fit (DIS data only), focusing on effect of both
theoretical and experimental uncertainties on pdfs and higher-twist
contributions (hep-ph/0011002); updated and including ‘NNLO’ fit
(hep-ph/0211096)
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HEPDATA pdf server

Comprehensive repository of past and present polarised
and unpolarised pdf codes (with online plotting facility) can
be found at the HEPDATA pdf server web site:

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

... this is also the home of the LHAPDF project
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pdfs with errors....

Gluon distribution 1
CTEQ gluon '
distribution y
: - el
uncertainty using . TR,
: < Ty
Hessian Method X \ V) ozeey
8 \Eéé?\\ i
L .
output = best fit set \éff?\
+ 2N error sets as100GeV 'Yy X A
\ % Y \
L/ Y
Hessian Matrix o0l R
2 2 (0) (0)
X = Xmin = Z H@J a; )(a’j — a4 )

HERA-LHC Workshop CERN
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100

o(g99 — H) [pb]
/5 =14 TeV

MRST ——
CTEQ

1
—

V5 =1.96 TeV

1000 100 120
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140 160
My [GeV]
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i ) 1.1 , !
o(gq — Hqq) [pb] ' 08 i
/s =14 TeV | I

& MRST —— -
CTEQ !

1.2 —
1.15 Bz
L1F
1.05

L 0.95

B.1

100

0.9

M [GeV]

0.1

100

| o(pp — Hit) [pb]

/5= 14 TeV

120
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3 ALY LY LAY LY

- MRST2002NLO
®* MRST: Q2 =1GeV? Q.2 = - —— CTEQ6.1M
2 GeV? T Q°=2GeV’
pa=
Xg = Ax3(1—x)P(1+Cx%>+Dx)
— Ex¢(1-x)d k]
o
m =
* CTEQ6: Q2=1.69GeVvz, ~1f
Q.2 = 4 GeV? '
Xg = Ax3(1-x)Pe*(1+Cx)¢ _
O | ] | |

10° 10™ 10°° 10 10™
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tensions within the global fit?

2.00

i

1.75F :
systematic error

1.50

125:+++++I : 2

systematic error X
1.00 .

075k  Experiment A + + + + + ‘|r

0.50 |

0.25F Experiment B

0.00

| I I N NN N D R R S N R E—
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

-

measurement #

pictures from
W-K Tung

* with dataset A in fit, AX2=1 ; with A and B in fit, Ax2="?

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

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

AX2=1 ranges from GA

Hypothesis testing uncertainty ranges

0.09 0.1 01l e 0.13 0.14 0.15 0.09 0.1 0.11 0.12 0.13 0.14 0.15
—e— BCDMSp . BCDMSp
—e— PBCDMSd - BCDMSd
—e— Hla . Hla
——  1b > Hlb
—e— 7FEUS g ZEUS
—e— NMCp . NMCp
* NMCr -
—e— (CCFR2 g CCFR2
—8— (CCFR3 ——8&—— CCFR3
—a— EG605 * E605
————8—— (CDFw . CDFw
® E866 - E866
== D0jet =———0—— DOjet
—— CDFjet ¢ CDEHjet
009 01 0l 012 013 014 0I5 009 01 01l 012 013 014 0I5
alpha S alpha S
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extrapolation errors

—h
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p
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theoretical insight/guess: f~Ax asx— 0

theoretical insight/guess: f~+A x9%° asx —0
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differences between
the MRST and
Alekhin v and d sea
guarks near the
starting scale

ubar=dbar
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dbar - ubar

2.0

—— MRST2001E
—— ALEKHINO2

E866

Q% =54 GeV?

0l
107

10™
X

HERA-LHC Workshop CERN

60



0.00 L

—— MRST2002NLO
-ALEKHINO2NLO
® CCFR, ZPhys C 1995

Q? = 4 GeV?
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contours correspond
to * experimental’
pdf errors only; shift
of prediction using
CTEQG6 pdfs shows
effect of ‘theoretical’
pdf errors

Per cent change in H cross section

f increase in global analysis as the
W and H cross sections are varied at the LHC

A
e

+3% s CTEQG

+2%

-4 -3 -2 -1 0 1 2
Per cent change in W cross section

HERA-LHC Workshop CERN

62



—_
Lh =]

Per cent change in H cross section
=]

-5

-10

xg increase in global analysis as the

W and H cross sections are varied at the TEVATRON

¢ MRST2002
F =
+
R »
* CTEQ6
-1 0 1 2

Per cent change in W cross section
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-0.05 |
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010 |

-0.15
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— MRST2001E
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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 x? to remaining data / # of data points removed

Teut - 0 0.0002 | 0.001 | 0.0025 | 0.0056 | 0.01
# data ponts | 2097 | 20560 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 ||1917 | 1916
Art! 019 010 0.24 0.28  0.02

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/x In? 1/x

n—fa§ (1113 1z In* 1/x)

NLO
Fog = Py ™ + Basz 31 ol

... 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

HERA-LHC Workshop CERN
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the ‘conservative’
pdfs (blue lines) do
not describe the very
low x DIS data not
included in the fit

35

F3(x,Q”) + 0.25(8-)

15

05

H

MRST(2001) NLO fit , x=0.0004 - 0.0025

=4 0x 107
———— MRST2001

xcut= 0.005




the change in the
NLO and NNLO
gluons when DIS
data with x < 0.005
are removed from
the global fit

HE

Gluon MRST(x_,=0.005) / Gluon MRST2002 :
at Q%= 10 GeV” /i
T /
cmm =TT //
NNLO
:__.":Il
,.-'": NLO
10 0~ 107 10" -
Gluon MRST(x,,=0.005) / Gluon MRST2002
at Q7 = 10* GeV* )
NNLO
~"NLO
/"f
10 0 107 10" x




comparison of the
standard MRST and
‘conservative’ NNLO
pdfs

HE

1.1

0.9

1.1

0.9

0.8

Ratio MRST(NNLO,cons. /MRS T2002(NNLO)
L atQ =10GeV”
N ;:.‘.'-'*-\'*- N u
2 BT ey e P
T | :
i R b i
..... ’#/ W
\\t ‘__.-e-*"';‘ ) . .
AN
no data
in fit
w0 0 107 10"
=
Ratio MRST(NNLO,cons)/MRST2002(NNLO) .’:'
| at Q=107 GeV®
s s I
B L T N d g
=
—
no data
in fit
w0 0™ 107 10"




2.80 . 24
E MRST NLO and NNLO partons W @ Tevatronf - MRSTNLO and NNLO partons W @ LLHC 1
275 | . i -
C . 22 .
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fe f---eee & * L *>-- - * - I e e :
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hs5 b X, =0 00002 0001 00025 0005 001 E 16 | A ]
r ] [ x,=0 00002 0001 00025 0005 0.0l i
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& 08 ] N ]
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(LO) W cross sections Tevatron |B.o(W) (nb)
at the Tevatron and MRST2002 | 2.12
LHC using (NLO) CTEQ6 2.10
partons from MRST, Alekhin02 2.22
CTEQ and Alekhin
LHC B.og(W¥) (nb) | B.g(W) (nb) | W*/W-
MRST2002 10.1 7.6 1.33
CTEQ6 10.2 7.6 1.34
Alekhin02 10.7 7.9 1.35
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flavour decomposition
of W cross sections at
hadron colliders

recall that the only
constraint on very small x
quarks from inclusive DIS
(F,er) data is on the
combination

4/9 [u+c+ubar+cbar]
+ 1/9 [d+s+dbar+sbar]

100 ———

—
=]
l

-
z
\_/8 us
© dc
E su
8 _
- cd
o 1+ |
" N ]

) S

1 10
Vs (TeV)

HERA-LHC Workshop CERN 72



differences between
the MRST, CTEQ
and Alekhin strange
quarks near the
starting scale
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NNLO precision phenomenology

3.6

i bW Tevatron Z(x10) 3
® predictions calculated %(W)
(MRST 2002) USIng gzs— ZZZZEZZZ_ZZZZZZZNNLO J@ ]
old’ approximate tWo-  @x oo
loop splitting functions o

® width of === shows o
uncertainty from P(2) EW HC  Z(x10)
(biggest at small x) o S
® this uncertainty now Co S T
removed, NNLO i ; [
prediction unchanged £4% total error
14E (MRST 2002)

NNLO evolution: van Neerven, Vogt approximation to Vermaseren et al. moments
NNLO W,Z corrections: van Neerven et al. with Harlander, Kilgore corrections
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