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Prologue:ep as a proton structure proH?e

Neutral current Deep Inelastic Scatter-
ing (DIS) cross section:

e(k) e(k ) dZO_i - 27TCL’2Y+ .
dxdQ2 ~  Q*x O' T
* 2 2
VIZQ 2Nl ) - LR Q) s

Y, Y,

xP Q*x
—)—. \\:; where factorsy, = 1+ (1 - y)? and
P

y?> define polarisation of the exchanged
boson and; = Q?/(Sx).
Kinematics is determined by boson virtuali®f and Bjorkenx.

At leading order: HL and ZEUS
_ L >=10 GeV
FZ = XZ eg(q(x) + q(X)) 7 —— HERAPDF1.0 )
xFs = X2 2eq3q(a(x) — q(X)) |
ote  ~ XUu+c)+x(1-y)*(d+s) 06
0ce ~ Xu+c)+x(1-y)*(d+9 o

Xg(X) — from F, scaling violation, jets ané,

0.2




HERA and LHC kinematics
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cross section @/dM [nb GeV™]

Ratio yZ/tot [%]

Neutral Current Processes at the LHC

pp --> €€ X at 10 TeV
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Double diferential cross section:

do? B Ara’ (M)

‘M-P(M)-O(y, M?).

dMdy
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Propogator fory exchange:

1
P)/(M) — W ’
pureZ exchange:
(2 + )

(M2 - M2)° +T2M2

wherek; = (4 sirf 6y cog 6y) 1, and

vZ interference:

kzve(M? — M2)

PyZ(M) =

MZI(MZ _

MZ)" + TEMZ|



Z and low mass DY production flavour decompositi‘on

= =
—’ —r y
& & — uwi — dd
— CC — SS
1 bb

Z vsvy* are sensitive t&J/D ratio:
Z ~0.29(uu+ cc) + 0.37(dd + sS+ bb)
v*  ~ 0.44@UU + cC) + 0.11(dd + sS+ bb)
Contribution fromy — Z interference is small.



W* andW~ production flavour decomposition

— 2 — 2
> L > L
& A g W
. — ud cS I — da sC
1.5_— — us — cd 1.5_— — su — dc

0.5¢

W+ (W-) production is sensitive tod (dU) as well ascs (sc) flavour
combinations and to lesser extend to Cabbibo suppressexd pai

W+~ 0.95(ud + c8) + 0.05US + cd)
W~ ~ 0.95(du + sc) + 0.05(dc + su)



W decays

S SN
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For W+ production the observables are leptmrandn. V-A structure of the
decay maodifies rapidity distribution of the lepton vs thedoos/V*

production accesses highgfor a givenr range.

(plots based on LAICFM, HERAPDF1.0)



NNLO Predictions foM. Z production cross section
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Figure 1: Comparison of different NNLO predictions for the inelusive W, W—, W=, and Z" hoson
production cross sections in pp annihilation and pp scattering (v/§ = 0.5 TeV) based on the pdfs
of recent NNLO analyses, ABM ABEM, JRHERAPDF MSTWOSMSTWI10, and the corresponding
experimental data by UA1 UA2 PHENIX CDF CDF1, D0 ATLAS CMS. Left panel (a): the lower energy
region corresponds to gp collisions, exeept at 0.5 TeV, which refers to pp scattering. For the latter case
the predictions refer to (from above) WH+W— W+, W and the ones for Z” are given to the right of the
ones for W, Right panel (b): LHC energies (pp collisions); the inner error bars refer to (o2, +02 ,)"/?
and the total error is obtained by adding the luminosity error in quadrature. '

Recent analysis based on existing NNLO PDF sets.
S. Alekhin et. al., arXiv:1011.6259.
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Combined HERA data
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Combination of the published
H1/ZEUS data collected at
HERA-I for CC,NC,e*p mode.
14 publications 1402input and
741 outputo, measurementd,10
correlated experimental error
sources. For N@* p,

6-107" <x<0.65and

0.045< Q30000 GeV.

Combination:
y?/dof = 637/656

QCD Fit (to the combined HERA
data withQ? > 3.5 Ge\):

y?/dof =574/582

HERA data precision is similar to fixed target experimentsoo
consistency between H1 and ZEUS. Stringent test of DGLAR@oD.



HERAPDF1.0 Fit Setting$

Input: combined HERA-I data fag* p NC and CC scattering.
Well understoodxperimental errorandminimal theoretical
uncertaintiespureep data far from lowW region, no jets.

(N)NLO evolution, RT-VFNS for charm and bottom,
ag = 0.1176a

Evolution starting scal®? = 1.9 Ge\#, belowm™® = 1.4 GeV.
Start fitting data aQ2, = 3.5 Ge\~.

Fitted PDFs areg, Xu,, xd,(x), XU, xD wherexU = xuand
XD = xd + xs at the starting scale. For the strange= f;xD

with fg = 0.311s assumed.
Standard parameterisation form

Xf(x) = AXB(1 - X)“(1 + e VX + Dx + EX®)

with only significante, D andE terms kept.

Ay, A, Ag, fixed by sum rules. Extra constrairfts smallx
behaviour ofd andu-type quarksB, = By, By = Bp,

Ag =As(1-f1s)
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QCD analysis of the HERA combined data

H1 and ZEUS
< 1: 2_ = 1: 2 _
“op  QTIOCV IR @m0 HERAPDF1.0 — NLO
0s; \ 06 = noelincer. QCD analysis of the
04 o4t combined HERA data.

Separation okxperimental
R R andparameterisation
10* 10° 102 10* x 1 10* 10° 102 10* N uncertalntl es.

AccuratexS andxg at low x
due to precise measurement
of Fo.

Large uncertainties for va-
lence quarks at low.

. Ll Lol Lol V. Ll Ll Lol
10 10° 102 10* ] 10* 10° 102 10t 1

11



Decomposingi andc densities at lowk

HERA Inclusive Working Group

August 2010

Inclusive structure functiof;, IS sensitive %~ [ o=« G =sscev G =120ev
to *\\
0.2} -
Fo~4(U+U)+(D+D), ~ .
g O R R —
whereU = u+candD = d+ s+ b. At wosp =mew @3 cey ¢ =60 ey
low X, contribution of charm td-, reaches %4} \
30% AN \ AN
Determination of charm contribution is %o} o-mev [ ermees | gmcey
mixed theoreticgéxperimental problem: . \ N |
can be calculated given the gluon d R

I inti B O Z—JlOOOGe\}Z “““.-4‘ .3.2 “““.-4‘ '3.2
sity, however description of the char wost ¢~ 10 10° 107 10% 107 107
threshold is complicated leadingtoanu ~ ©2 i " HERAPOFLO e
ber of matching schemes (RT, ACC ° —hcorui

O L Il i

FNOLL.. ) 10* 10° 107 ) ZMVENS

Combined HERAFS® data reacheS — 10% precision per point, can
be used to study fferent HF models.
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Scan ofng™

H1 and ZEUS (prel.)

1200 - HERAPDF1.0 + F5(prel.)

| —— RT standard
------- RT optimised
S ACOT-full

Fits to combined HERA inclu-
T SACOT sive and-5° data using dterent
1000 models for HF treatment.

' " All models use a parameter
mg** which is related to the
charm pole mass. Use it as a
free parameter to tune the mod-
els to the charm data.

August 2010

800l -

HERA Inclusive Working Group

600, | o
1.2 1.4 1.6 1.8

my | GeV

— depending on the model, large spread of the values, butssigil
values atmi***(opt) (except ZMVFNS).
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Sensitivity of LHC predictions to the chan\n

= 32; 7 (o mr 1o Large ~ 7% spread of the
& 31f =7 TeY 2 total cross section predic-
. g tion for mg>® scan between
300 = 1.2 — 1.8 GeV and also for
e e _a fixed m>* when consid-
QT ot ¢ ering diferent models.
i g  However, the spread is re-
28| ¢ duced to< 0.5% (exclud-
: o rTopmees |2 INg ZMVFNS) when pre-
271 T eaorx |2 dictions are evaluated at the
26} o IZMIVFNIS | % mP>*(opt) values.
1.2 1.4 1.6 1.8

mye | GeV

More info including table of predictions, uncertaintiesidze found at

http://www.desy.de/hlzeus/combined_results/heavy_flavours/MCScan/charmfit.pdf
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LHC predictions vs charm data fit
(\I>< 100: J2.4 -
B o o - 1 £
: : : : H H | N
90:_ OZMVF;N OZMVF;:N OZMVF;N :2'2 =<
80 Ea
I m m n J1.8%
70 oﬁs-ACOTx ¢§S-ACOT)( osj-ACOTx ] s
L s
60F . e ACOT full . e ACOT full eacoTrur ] £
B : : : : : : —_1_4;
50:_ P P P —:1.2§
L ‘® RT: optimized : ®RT optimized : ®RT optimized] i
- H H H H H H o
40_I I 1 1 I?RITI 1 I 1 1 I 1 1 ITRITI 1 I 1 1 I 1 1 I?RITI 1 I I__l %

0.98 1 1.02 0.98 1 1.02 0.98 1 1.02
o,(model)/o,(RT) o, (model)/o, *(RT) o, (model)/o, (RT)
e F3° data excludes simplified model of ZMVFEN.

e Models with smalleg?/ndf return smaller spread in predictions,
all within 0.5%.

— HERA FZ* data and upcoming full NNLO calculations should
providec-u decomposition with (probably) flicient accuracy for the
LHC.
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Importance oftt-density:Z-at the LHC

Large spread of predictions can be

Lo ZITathelHC(Ns=7Tev) . to large extend explained byftirent

s ; E charm treatment.

ok = R « CTEQ6.5:  S-ACOTy with

o omb LT el E odel — 13 GeV (close to

N - T e 3 .

R I A = E optimal 126 GeV)

L 4= | m cre0ss E ) .

S aaE | T oTEes E e MSTWO08: RT with nmpedel =
086 it eror e MRS 1.4 GeV (optimal is 158 GeV)
3;5 cwrores, 2o e NNPDF2.0: ZMVFNS with
'0.114 0.116 0.118 0.12 0.122 0.124 del _ _

) mpedel = V2 = 141 GeV

(optimal is 168 GeV.

Recently MSTWOS released sets witltfdrent values ofrf?°%e!
Comparing CTEQ6.6 and MSTWOS8 for the same valuesgpand
mide! close to optimal values, one finds (MCFM4.7, PDF4LHC
benchmark settings):

0.949 nb(MSTWO08as = 0.118 nyiedel = 1.6 GeV)

x Br(Z° — ¢¢) =
7z X Briz" = &) { 0.947 nb(CTEQ®, as = 0.118 mI°® = 1.3 GeV
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Decomposition ofJ andD

o  2f
N 458 E ) .
¥ 4 -+ Low x behaviour ofd andu is
Q 35¢F E
2 3 - assumed to be the same. Forced
23 - in HERAPDFL1.0 fit by requir-
15 - ing
05 E By = Bg
O 1 ‘ ‘ [ HHH‘ | ‘
5 -2
10 10 10 10 10 1 and
g - Ag = As(1 - o)
0
< -
g _l; ]
2 1 This imposes constraint on
3 | other linear combinations of
_4; U,DVS4U+D
_57-5\ | \\HH‘ -4\ | \\HH‘ -3\ | HHH‘ -2\ | \\HH‘ -1\ Lol
10 10 10 10 10 1

X
Uncertainties are determined MC method, green lines: iddat replicas,
red: RMS.
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HERA fits withoutd = u assumption

AUb+Db

o F N W b

Unconstrained fit preserves
narrow4U + D but orthogonal

o 0 combination U - 4D has

10% 10° 10° 107"  1very large spread. The only
X significant constraint comes
| from the positivity of the PDFs,
—D>0,U >0, which is built in

{ the parameterisation.

Ub-4Db
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U andD densities in the unconstrained fit

Q?=1.9. GeV? Q? = 6464. GeV?

1 .5
T o9} 1 < asf E
s B - 3 E
5 08fF u (ref.) E S 4F E
< 07fF = * 35F =
2 = 3 E
= 25F E
= 2F é
E 15} E
= 1F é

0
1 10™ 1
X X

1 . 5
T 09} E = 45 E
S g - 1 S g 1
o 08f D (ref) = o 4F E
X 07F E X 35F E
06F E 3F E
05 E 25 E
04F = 2 E
03F E 15} E
02F é 1f E
01F = 05F E

07—4 ‘ HHH“-S ‘ HHM‘-Z ‘ H“H“-l ‘ 07-4 ‘ HHH“-S ‘ HHM‘—Z ‘ ‘HHH-l

10 10 10 10 1 10 10 10 10 1
X

Central unconstrained fit prefers solution with I@and increased
U. The diference is dramatic at the starting scale, but it remains
sizable at thevl,y scale too.

LHAPDF grid file for the unconstrained fit:
https://www.desy.de/hlzeus/combined_results/proton_structure/Fits/HERAPDF1.0u.LHgrid.gz
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Low mass DY v« for U overD decomposition

Since y* exchange has the same
sensitivity to the quark flavours as
the measurement d¥, at HERA,
unconstrained fit agrees with
HERAPDF1.0 at lowMe e, but
sizable lower aMgre- = M7.

do/dM, pb/GeV

| | | | | | | | | | | | | | | | | | | | ‘ | | | |
50 60 70 80 90 100 110

1.15E =
115 =

1.05F- = based on NLO MCFM

1E - =
0.95; M
0.9 =
0.85E =

50

HERAdis/HERAPDF

60 70 80 90 100 . 110
M(e'e), GeV

To separaté) and D for the samg(Q?, X) region a good observable
is the ratio ofdo-/dy for Z production at+/s = 7 TeV and DY for
M- = Mz/2 at \/s = 14 TeVat the LHC.
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Valence quarks at low

0.6

1 T ey T T
s~ Q°=10GeV | —— HERAPDF1.0 7%
i 1 [ total uncert. 4
08; i r—— MSTWO08 _. "
i ] ;0-4 ----- CTEQé6.6
A % 0.05 | L _
{ X0 ) D HERAPDF1.0 E I
06 - MSTWO8 68% CL I
0.2
0.41
XS (x 0.05) ol
0.2; g 008
I o 0 E
E,-o.os E =
E _01 :I|||||||||||||||||||I||I|III|||||||| ||||:
ﬂ .
E g ol : 0051152253354 45
10 10 10 10 1
X ¥

Significant diferences between valence quark densities frdfer@int PDF
groups. Assuming ~ d, W* asymmetry is given by
u, — d,
u+d
Discrepancy ak = 0.01 corresponds tgy = Ofor s= 7 TeV.

A=~
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Valence quarks: existing sources of information

e Data:
— Neutrino scattering data.
— CC data from HERA.
— XF3 structure function from HERA.
— Tevatron and LHGN asymmetry.

e Theory:
— Fermion counting sum rules.
— Lattice QCD.

22



XF¥ ()

XF; at HERA and LHeC

HERA I+ 11

LI | T T T T T 171 \| T |
® [HeC
0.6 O ZEES - 1 H1 Preliminary
XF;Z - transformed to Q 2 = 1500 GeV?
0'8__ o H1 (prel)
04 %] | - — H1PDF 2009
' 0.6
‘Jf %’ B
® 0.4:—
0.2 El[—' T B
hd | 0.2—
i @ 1 d | -
é % 0_ 1 1 1 1 1 1 1 1 I 1 1 1 1 1
O [ | | | [ | | | | | | | Ry u 10_1 X
10° 10° 10" 10°

Measurement of theF; structure function gives direct constraint on
u, andd, quark density. It is however not ficiently precise at
HERA. LHeC could provide an extremely precise measurement
down tox = 0.001
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CC from HERA-II data

T T
2 = 500 GeV?

H1 Preliminary

Q? = 1000 GeV?

\‘j\

T T
2 = 3000 GeV?

T Q*=5000Gev?

[ Q?=8000 GeV?

.
10® 10

T T
2 = 15000 GeV?

10? 10"
X

X

—e— Hle p-vX
= H1PDF 2009
fffff x(u+c)

T (Ly)x(d+s)
P, =0.0%

HERA I+I1

cCc

151

05

06

04

02

0.2f

0.15¢

0.1}

0.051

2 = 300 GeV?

T T
Q? =500 GeV?

t
°

H1 Preliminary

Q? = 1000 GeV?

2 = 2000 GeV?

Q? = 3000 GeV?

Q? = 5000 GeV?

HERA I+l

2 = 8000 GeV?

T T
T Q%=15000 GeV?

—e— Hle'p-VUX
= H1PDF 2009
————— (Ly)x(d+s)
X(T+T)
P, =0.0%

e Analysis of highQ? data being finalised by H1 and ZEUS.
Almost tenfold increase ia™ p luminosity compared to HERA-

e CC data constrain the decomposition of contributions ftpma,
andU, D in important for the LHCx range.
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Strange density
10“!‘!_'99‘ .

strange 3

103 L x=0.0003

W x=0.0007
10° 3

10 | e x=0007

r We’v * = - L 4 x=0.03
10 -

x=0.003

01* f % ¢ o+ f x=0.1
10" ¢

T, 2T J T AT, I
€,=0.1, bg¢=0.01 Q’/GeV

The least know quark density at lawis the strange density. The only
direct information comes from di-muon events for neutrinatsering.

ssasymmetry can be measured at the LHC by tagging the charm jet.

LHeC could provide very precise data on strange densitygusi,
with tagged charm.
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Summary

HERA structure functiork-, measurements provide accurate
determination of the linear combination of the quark degsit
4U + U) + (D + D).

Combination of the HERA-;® data together with theory
Improvements should allow to decompose contribution ofhea
guarksc andb.

Contribution ofU andD quark densities can be decomposed at
the LHC by comparing andZ exchange contributions. Data at
different+/s are very useful for that.

Accuracy of the valence quark determination will improvehwi
HERA-II data. Measurements of the lepton asymmetry at the
LHC will have significant impact too.
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