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e 1~1/4/Q* Q2 ~10°GeV?
* B, 1 920 GeV e Apn ~10"°m~R .. /1000
» Centre of mass energy :/s =320 GeV Deep Inelastic Scattering - DIS



H1 Integrated Luminosity / pb™*

Avallable Data

Status: 1-July-2007
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e In total ~500pb-! of high energy
data collected per experiment
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e luminosity upgrade in 2001

200 -

e detectors adjusted to
accommodate focussing magnets
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e Low energy running to measure
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Days of running

Many preliminary analyses on full HERA Il data

Working on final publication and combination of results



Deep Inelastic Scattering (DIS)

Neutral Current Event e* (k")

e” (k)

(xP) %W v, 2°

o) —{ )
Current jet
e DIS cross section can be described in terms of:
* Q% : Virtuality of the intermediate boson Q%=sXy
e X : Bjorken scaling factor
-fraction of proton’s momentum carried by struck quark
e v : Inelasticity

-energy fraction transferred from lepton in proton rest
frame
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F, — dominant contribution
to the cross section

F, =Ze§x (9+Q)
g

Scaling violations indicate
presence of gluons

Data evolution with Q¢ (at
fixed x) described by
perturbative QCD 5



QCD Factorisation and Proton PDF
DGLAP
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F,(x,Q%) = %fk(H)Q@ CJ(Q,m,o(1))

f, are parton density functions — parameterised at Q,° and
evolved to high Q2 using DGLAP equations

CJ perturbative coefficient functions 6



PDFs for the LHC

momentum fractions x, and X,
determined by mass and rapidity
of X

x dependence of f(x,Q?)
determined by fit to data, Q?
dependence determined by
DGLAP equations

full NNLO DGLAP now known*, also
with small x, QED etc improvements

*Moch, Vermaseren, Vogt (2004)

Q" (GeV)

LHC parton kinematics

M=10TeV




Why do we need PDFs?

high precision (SM and BSM) cross section predictions require
precision pdfs: 3oy, = 80,4

Improved signal and background predictions — easier to spot
new physics deviations

‘standard candle’ processes (e.g. o(2) ) to
e check formalism (factorisation, DGLAP, ...)
e measure machine luminosity?

learning more about pdfs from LHC measurements. e.g.
e high-E; jets — gluon?

e Wt W-,Z% — quarks?

o forward DY — small x?



How Important Is PDF Precision?

Example 1: o(M,=120 GeV) @ LHC

80t £3%, 80,0~  10%

00 pnLL = £ 8%

~ 0
— 80-theory" + 9%

K| MRST2002 NNLO |

® Example 2: o(Z°) @ LHC

~ 0 ~ 0
= 23%, 80 o™ £ 2%

~ 0
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Catani et al, 9
hep-ph/0306211




Production of Heavy Quarks at HERA

A @

27.6 GeV Q- Predominantly via boson gluon

Xb,C fusion
Test of perturbative QCD:

A
VIS S
g(x) Directly sensitive to gluon density

920 GeV, :> in the proton (PDFs)

P

multi-scale problem (Q?, m.?, ps?)




F,c¢ and F,°P

At HERA we can measure the contribution of ¢ and b to the total DIS cross
section F,°P and F,c

11



Predictions for Heavy Quark Production

Massive scheme: — my, Massless scheme: — pr, Q2
e b massive e b massless!!!
e neglects [« In(Q?/m;)]" e Resums [« In(Q?/mj)]"
— Perturbative production: — b also in Proton and Photon!

Fixed Flavour
Number Scheme &
(FENS) b

Variable schemes (VFNS):

— at small Q? massive, at large Q° massless

General Mass VFNS (GM VFNS) Zero Mass Variable
Number Scheme
(ZM VENS)

CTEQG6.5 uses a General Mass scheme changed from a massless in CTEQ6.1
MRSTW improved their General Mass scheme from MRST2004 to MSTW2006

Thorne, Tung arXiv:0809.0714, P.T. hep-ph/0703103 *



Impacton W, Z @ LHC

. .
22 W= & 7 cross sections at the LHC 2.2 W . &Z Cmss secnons E.it.tr.]? LHC —_——
f TG Fre T ] [ NNLL-NLO ResBos
= tcCTTi;;IEIQ = -~ Dorus 7 ]
R : | Q ) _ MSTW D;.?ZEES—E M
_g 21 i R 3 CTSM 'E 2.1 [ o NLO PDF's _ZEL—S_Z‘T
:i I E j— >:< B NNLO PDF's A
Ix 205 : . : ‘ a_—:A 205 i | - B
R S g N C L mae
T 5 : : ‘ ] a o 11" MAMP 06
g CTf;r ;.HQI T | S MRST 04
5 o 1 & - HyvmsT 02
1.95 ¢ A CTen ] 195}
[ A CTEIM 1
191 A cTM ] 19} -

Tiot(Pp—=(W*—=£11X) (nb) Tt PP—=(WE=£X) (nb)

e Correct heavy flavour treatment affects light partons!
e changes in CTEQ 6.1 -> CTEQ 6.6 due to c,b,s treatment

e Improved agreement between latest PDFs 13



Heavy Quark contribution to DIS cross section

HERA | result:

e fraction of total DIS cross
section from charm and

beauty

e large charm fraction(~30%)

e small beauty fraction ~%
(lower at low Q?)

e mass thresholds visible

e reasonable description by

pPQCD
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Flavour Tagging - Vertex Detectors

H1
CentralSiIiconTracker

(30° < @ < 1509)

ZEUS tracking (MVD)

Double layer double sided strips

ePrecise determination of impact
parameter in transverse plane

eResolution of || for hits in both layers;

Half Wheel Barrel module

Installed for HERA Il installed 1997 (first pub 2004)1 S



Tagging Heavy Quarks (b)

PF

Beauty quarks rarely produced, use
properties of beauty hadrons: H ‘_
° - - B+ =

semileptonic decays(u,e) A’
® mass 54

- transverse momentum p,"! relative to A
jet axis
e lifetime (vertex detectors) Jet

secondary
vertex

- reconstrucion of a secondary vertex X prompt displaced
tracks tracks
- Impact parameter 6

vertex




Signed Impact Parameter 6

Signed impact parameter 6, Significance = 6/c(0)
<90" —= 0=+ 0 o>90" —~ 0=—0

T - Primary Vertex
/ ~. - T - - - . -—
o / -

Lo T JetAds U8 et Axis

[ ] -
Primary Vertex T& \rack

Charm and beauty asymmetric (positive) due to lifetime

Light flavours mostly symmetric (resolution dominates)

Similarly for secondary vertices (>=2 tracks), decay
length L and decay length significance =L/c(L)
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Tagging Heavy Quarks (c)

H1 Preliminary

resonances D*, D*, DY,... 2 ool sl
= I — fit

Full HERA Il statistics (~350pb?) £ | R
L 4000 —

2000 — 5<Q?< 100 GeV?

resonances and decay length ; i

p. (D¥)> 1.5 GeV

tagging using vertex detectors A
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do /dQ? [pb/GeV?]

2 2

—
A

2

D* Cross Section

D* production in DIS

b
o

H1 Preliminary HERA i

—&— H1 data (prel.)
H-II—'-I HYQDIS (MRST2004FF3nla)
| i
——
——
E —
—E—
3 ——
- 0.02<y<07
E IM(D¥)l<1.5 .
E P, (D¥) > 1.5 GeV
IIII| 1 | IIIIIII 1 L1 11

H1 prelim-08-072
H1 prelim-08-074

e good description by
NLO calculation
(HVQDIS) in wide Q?
range

e Also at large Q2,
where massive approach
not expected to be
appropriate
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— 3 D* in DIS
a H1 Preliminary —e— H1 data (prel.)
= HERA I %4444 HVQDIS (MRST2004FF3nlo)
'§ i . HVQDIS (CTEQ5f3) ] ] ]
£ .- D +++  differential cross sections of
1 - W
¢ #/m : several D mesons measured
1 13<m <16
. - reasonably described by NLO QCD
i 12 & A AT“E"’Y“"““/‘;"Y“f‘n’r‘in»"’“&":n (HVQDIS)
| A b . .
L e double differential in x and Q2
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D* Fragmentation

O, OC Lol ® o ® D? (z)

D* c

parton density  parton scattering fragmentation
function Cross section function
(non-perturbative) (perturbative) (non-perturbative)
D={<
= ﬂ ' E:EDJE‘:

@Z}@S D" 1
Peterson: D (z) o :
N z[1-(1/z)—€e/(1-z)]

Kartvelishvili: D”(z) o z%(1—z)
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D* Fragmentation

+ - t -
D*" jet sample No D* jet sample
5§ 9 5 4
W 3sf ¢ HiData o o5 ¢ HiData
2 —— RAPGAP o =4.5+0.6 5 RAPGAP o = 10.3 + 1.7
': o J— RAPGAP o =4.5-0.5 'g S GEE RAPGAP o = 10.3- 1.6

'I'"“ - I;

0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1

= RAPGAP MC: pr ;o> 3 GeV, parameters consistent with e*e
e no jet sample (low photon gluon COM) needs harder frag.
e Similar story for NLO QCD  DESY-08-080  (juraj Bracinik)



Charm and Beauty Cross Section

= combine p;™sslit,; p el and ZEUS
Impact parameter distributions L R P R R R R

H
a zEus (prel.) HERA Il 125 pb"
ol |« Charm

1l

= use 3D fit to decompose Into 8 | o Boguty ep— eQOX—>eu X

=
5
T

beauty, charm and light flavour [ HVGOS
ZEUS 60 I 1 { g
102 — 102 - i 2 FR—— i }
: + i} b |
10 | ] 10 . I*I _.I_. | | — |"I ______
P e geyy o (GeV) 45 4 o5 0 05 1 15 2
§ S o e ZEUS (prel.) HERA Il 125 pb™ np
ol e e Q2> 20 GeV?, 0.01<y < 0.7,
ol T ] T Prn>1.5GeV, -1.6 <n, <2.3
o Bt 7EUS-prel-08-007 C and b cross sections

P (em) described by NLO QCD(HVQDIS)



do/dx (pb)

Charm and Beauty Cross Section

ZEUS
" ZEUS (prel.) HERA Il 125 pb™]
................ ® Charm 1
. * Beauty

“¥ HVQDIS
# ep— eQQX—-ep X
a— ] i -_*_ ]

2

ZEUS

ZEUS (prel.) HERA 11 125 pb" 1
e Charm

* Beauty
HVQDIS

ep—eQQX—epnX _

e beauty tends to be above NLO QCD at low Q?

e may be measured double differentially in x, Q% and

extrapolated to full phase space to compare F,°,

bb
FZ 24



H1 Inclusive Analysis
H1 prelim-08-173
e Publication on HERA | data (54 pb-1) in 2004 & 2005
e H1 CST rebuilt to account for HERA Il beamline

= Preliminary analysis on full HERA Il data (190pb-) this
summer (H1lprelim-08-173)

e Inclusive analysis: use all tracks with hits in silicon
detector (p;> 0.3 GeV)

e Precise determination of impact parameter in transverse
plane

e Divide events into 1 track, 2 track and >= 3 track samples

25



Signed Impact Parameter (H1)

H1 prelim-08-173

Measurement of F&* and F:°

0

% 10’ » H1 Data (Prel.) imi .
10

E = Total MC H1 Preliminary §

F =

10° — r ) lifetime
resolution : ) )

e _L"_L
- -
||!||"||!|I|| | I |!!|| ||T'p-

0.2 -015 -01 -0.05 0 0.05 0.1 0.15 0.2
d/cm

Charm and beauty asymmetric due to
lifetime, Light flavours mostly symmetric

MC describes resolution! 26



Events

Signifcance

Measurement of F5° and FgE

Measurement of F° and F':z’E

n

s _ . ] T wﬁL - H1 Data (Prel.)| H1 Prelimi J
wsg__¥;t£[l)la;nac(Prel )| H1 Prellmlnary—g 9 F—Total MC refiminary E
F = W [ uds i

. o E 105:F ...... Cc ?:
10 3 - -—-b i
10* 4 104%@ 3
10° _ 1oF _
107 . 10°F 1
10/ : 0L :
3 , i g
1;“;":|||Il||||!|l||||l|l|| |I|I!|||!!||||!!|:_|—r| 3-"I_| ;:"I"" ""l""l:_—i_"'g
20 15 -10 -5 0 5 10 15 20 15 -10 -5 0 5 10 15
Impact parameter significance 81 Impact parameter significance S2

Significance for N,,,.=1 2" highest significance for Ny ,..=2
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Neural Network

e Improve c,b separation power (especially at low Q2): use
neural network for >= 3 track events

e Choose inputs which are different for c and b, and largely
physics model independent

e Inputs: S, S,, S;, S, track p,, 2" highest track p,, number of
CST tracks, number of tracks associated to secondary vertex

e Network trained with b as “signal” c as “background”. Light
flavours will be subtracted out due to their symmetry (see
later)

28



Events

Neural Network Inputs

Measurement of FS° and F5? Measurement of F<° and F
- n F
-+ H1 Data (Prel.)| H1 Prelimi € [ -+ H1Data(Prel.)] H1 Prelimi
L —Total MC refiminary S [ —Total MC bt
F - uds wE gds
) [ b
E 10°E
E Ntrack2 3 ?Ntrackz 3
3§_ 103 E_
E 10°F
E; 10;—
1 ‘II 1 Il!-r|‘_ill |!l|||!!l\ !!!Il\!!lllll!lll!! 1;_ + i'_:_l 1 l | B | | T l | | | L1 lkl
20 15 -10 -5 0 5 10 15 20 15 -10 -5 0 5 10 15
Impact parameter significance S1 Impact parameter significance 82
3 bb ~
E Measurement of F;° and F, E Measurement of F* and F2°
F « H1 Data (Prel.)| H1 Preliminary - 2 F . .
[ — Total MC Iy ; € [ H1 Preliminary __';_';tgaﬁépre'-);
E UdS E |.I>.| 1(:]5 3 =
E e c 3 - A =
- b . i i
é_NIrack2 3 _§ 1045_ _g
10°F E 10°E 1
3 ! E 10° E
3 3 10 !
§_IIITT 3 !!!lll!lllll!!llli‘: 1-§‘_lrllll|||||||lll|||||||||ll|||l||||T|1|:
-0 8 6 4 -2 0 2 4 6 8 10 0 -5 0 5 10 15 20 25 30

Impact parameter significance S3 SV distance significance SL



Neural Network Input

Measurement of FZ* and F2°
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10?
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o
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1 2 3 4 5 6 7 8
PT*°* (highest) / GeV

Measurement of FS° and F5?
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C L ------ c i
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10°
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_____

pl sl + sl vl il

Nlr'rn':k2 3 e _
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1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 11 1 1 I g
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10";N"ac"2 3
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Neural Network Input (Neg. subtracted)

Measurement of F;° and FoP

1] F E
€ [ - H1Data (Prel) H1 Prelimi ]
S [ —Total MC |a|n i renminary ;
W " F uds E
oo c g, =
- _1 i
10°F I i
- Ntrack— 3 i i ;
e E
10°E | 3
10;— ! —
1 é_l 1 +I i.ll_:_ 1 1 I 1) I: 1 1 ‘I 1 1 l 1811 | 111 Ll
15 -10 5 10 | 5 10 15
Impact parameter significance 32
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~— 4000 3
§ [ - Hi1Data(Prel) H1 preliminary -
-~ uds
O _ _
Ewo b e :
-y 2500 :_Nlrack2 3 =
E 2000:_ .......... : =
= : ..........
1500 . &
wool | i
500 ] E
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o 1 2 3 4 5 6 7 8 9
Nlrack

Measurement of FS° and F5?

“~~ 1400 —
% H1 Preliminary ° H1 Data (Prel.)-
8. f Y —TotalMc
Q. 1200 uds —
- i c .
c .
1 1000 ]
E 800 —:
o .
€ 600l —
400} _
200— _:
%05 1 15 2 25 3 35 4
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Measurement of F5° and be
3 f - H1 Data (Prel.):
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; B gds
‘; 5000 i —b =
H.: N Nlrat:k2 3
> §4000— =
= [ —
£ 3000/ : .
2000~ _ -
| .
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G;"‘i“‘l 1 || 1111 | | 1=+ | | "_1'_1;"'_1‘_?] l L IJ.I 11l | LAl || Ll I ||_

0 1 2 3 4
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Neural Network Output

 Sign given by S;. Subtract -’ve from +’ve to reduce systematic
error due to resolution and light contribution

Measurement of Fs° and F2° Measurement of Fs* and F2°
" _ =
t [ + H1 Data (Prel.) Imi = - imi - H1 Data (Prel.)-
S [ —Total MC H1 Preliminary H1 Preliminary ~ Total MC
L 1055— uds = T gds .
E Ntrack2 3 e, b

el

n( NN Output) - n( -NN Output)
a:’l
)
I

l:rJI | | 111 | 1 11 ' 111 i 111 | 1 11 i 1 11 I 111 | I 11 | L 11 [ | L 111 1111 i-l_lF 11 ' 1111 | 1111 | L | I | | 11 | [ LA
-1 -08-06-04-02 0 02 04 06 08 1 0 01 02 03 04 05 06 0.7 08 09 1
NN Output NN Output




n(s,)-n(-s,)

Extracting Flavour Fractions

These distributions are fitted for p
with p 4 constrained by total number of DIS events

Measurement of F°° and F"'E

10°F

E « H1 Data (Prel)
. —Total MC

B uds ]

100 ] e -

_____ Nlrack=1

10°F

102%_._' ......

10k R W
F H1 Preliminary - ; :
il B I 111 l 111 I 111 I 11 ‘ } | A‘AL -y
0 2 4 6 8 10 12‘14 15 18

Impact parameter significance S

n(s,)-n(-s,)

Measurement of F° and F“—’

10°F

n( NN Output) - n( -NN Output)

10°F + H1 Data (Prel.)z
E —Total MC 3
ﬁ ....... ~uds

—— c

100 ~b =
E ' ! Nirack—2

10° b —

10°E i E

_____ .’

105— H1 Preliminary :,,—g
: 1 1 1 l 1 1 1 ‘ 1 1 1 l 1 1 1 | L 1 1 | 1 :
0 2 4 6 8 10

Impact parameter significance S2

N gen

- Pe
¢ pe-NEE+p N, o "+Puds-Nug

, 1IN each x,Q? bin

Measurement of FZ* and F5?

» H1 Data (Prel.)-
— Total MC
- uds -

" H1 Preliminary

E Nlrac::k2 3 i B b

reaand

Lril | L1l 1111 I I_F 1y l L1l | Ll | 111 l | ] | L1 I!\ | Ly
0 01 02 03 04 05 06 0.7 08 09 1
NN Output
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Inclusive b cross section (H1)

Hl BEAUTY CROSS SECTION IN DIS

« HI HE%A ir) Gev I Q 12 Gev

v H1 HERA II(Prel.)
' Hl HERA I+II(Pre].l:_ i
g ! N L 1 < HERAI agrees with HERA |

I Y E
ISR LIS = HERA 1l reaches lower Q% (NN)
_ i _E e HERA | and HERA Il data
&* lﬂ combined for improved precision

g Y i -

! ('f= 21|30GeV ('gz= 650 GeV
_ ﬁ{ 1 L j
HI P?Elémh?ﬂwi T l{&' 4

o 107 107 10" 107 107
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0.02 |

0.01

0.1F

0.05

0.04 -
0.03 |
0.02 f
0.01 ©

Inclusive b Cross Section (HERA)

H1+ZEUS BEAUTY CROSS SECTION in DIS

Q 5 GeV’

Q=12 GeV? |

Q 25 GeV>

Q’=200 GeV* |

| [20-35%]

| pge + 5 (ZEUS 05 p)
| [25-50%]

Q’=60GeV” | Q’= 1J30 GeV? |
m'""'\«. . -4“..__- i
| :::::;} T 2:::"'I _4 I _j sl _2' =il _4 Ll _3; sl _2' L
Q=650GeV> J0 107 107 107 107 107

* H1 (Prel.) HERA I+II VTX

A\, I — MSTWO08 (Prel.)

N - CTEQ6.6

CTEQSF3

= ZEUS (Prel.) HERA 11 39 pb™' (03/04) p
» ZEUS (Prel.) HERA 11 125 pb™' (05)

e comparison of different
| methods [acceptance]

— Inclusive (H1VTX)

| [>90%]

— up,e (ZEUS 03/04 )

e ZEUS tend to be higher
than H1

e generally described by
NLO QCD (FFNS, GM-VENS)
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0.02

0.015
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0.02

Improvements in Theory

HI1 b CROSS SECTION IN DIS

e-noev | quxsce  otatus summer 2007 (e data)

e MRSTO04 factor 2 larger than CTEQ
at Q=12 GeV?

e Chance to distinguish models

Q=socevi T @=206v'\with full HERA Il data

e Since then MSTWO08 was released
which is in much better agreement
with CTEQ (and data)!

) 4 3 2
Q’= 650 GeV? 10 10 0"
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Measurements of F,”° (HERA)

. H1+ZEUS F,bb(x,Q’)
x F T T T T T T T T ]
o x=0.0002 ]
o i=5 | = Beauty structure
0% A x=0.0005 | function versus Q2
| E/k | | = NNLO predictions
10 k R | available
| » Differences between
i i NLO and NNLO small
} | except for Q?<(m,)?
10'2 :
-+ HI (Prel) HERA I+II VTX .
. = ZEUS (Prel.) HERA 11 39 pb™' (03/04) pu =0 ]
0 1 v ZEUS (Prel) HERA II 125 pb™' (05) __
- —— MSTWOS (Prel.) ﬂ'
-------- MSTWO8 NNLO (Prel.) 1
_3—
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Inclusive Charm Cross Section (H1)

H1 CHARM CROSS SECTION IN DIS

Ty R RRL | T TTTT T

I u TTTT T ||rrr|[ T lrr||||| T T TTITT llll'l T IlIrIlII
o 2 2

-: | Q=12Gv* | T@=26v'| o HERA | agrees with
T | HERA Il

|« HERA Il has finer
1 binning for charm and
=106V reaches lower Q?

| e Reasonable description
{ by GM VFNS PDFs from

| CTEQ and MSTW
TG 107 07

04t . ! Uiomear T Also by PDF based on

| « mueram rrel) CCFM evolution.
|~ CTEQ6.6

— MSTWOS (Prel.)

| -~ CCEM

02

" H1 Preliminary g
0* 107 107 107 10°

38



Inclusive Charm Cross Section (HERA)

HERAF,
R A R R P _ _
e | M Cea | | = comparison of different methods

| o p* o D', D° D" |
H1 (prel.) HERA II:

[acceptance]

-Inclusive (H1 HERA | 1l VTX)
[>70%]

-Mu ptrel+d (ZEUS HERA Il )
[25-50%]

-D* cross sections [20-70%]

| m D¥ m VTX

[ZEUS (prel.) HERA 111

0.2|°* p* e Do p | {3
B ] o

e different methods agree well
e wealth of precise measurements

e combine to improve precision

X 39



Measurements of F,°°(HERA)

HERA F,

x=0.00003 (x4*) o0 HI HERAI(D%)

O 000005 (x4®) O HLHERAI(VTX)
"60/ % = 0.00007 o ZEUS HERA I (D#*) . 1
g - .(x 4% ZEUS HERA 1 (D', D°, D})
2 ~ 0.00013 ZEUS (prel.) HERA 1I: =
o X =0 : ° D* ° D+ ° E

(x4") H1 (prel LﬁERA II:
- x=0.00018 (x4') [ D(fre-')VTX '

x = 0.0003 (x 4"%)
_ x=0.00035 (x 4" ol
. x =0.0005 (x 47 ;
_ x=0.0006 (x4") =

—
—"‘ -
—-‘ -
"

x = 0.0008 (x 4'")
_ x=0.001 (x4")

_p x=0.0012 (x 4") 5
 x=0.0015 (x 4% ]

o x=0.002(x4")

KM

x = 0.003 (x 4%

x = 0.004 (x 4°)

w X = 0.006 (x 4%)

x = 0.008 (x 4)

W . q TS .
_ NLO QCD: il
- —— CTEQSF3 ) -
s MRST2004FF3 x=02 041
4 o 5 %=0.03
+— 4 (x4
| | - | . ]
2 3
10 10 10

Q’ (GeV?)

e Charm measurements span
large range in Q2 and x

e Theory differences for
Q*<(2m,)?

e These are the “massive”
FFNS PDFs (because the D*
measurements involve model
dependent extrapolations) and
are not the latest GM VFNS
technology
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Conclusions

e Wealth of new measurements of the heavy flavour
content of the proton from HERA data.

e Extraction of structure functions F,° and F,°b allow
comparison of many different measurement techniques.

e Data are described by latest (N)NLO pQCD calculations.
e Final results with full HERA statistics expected soon

e Data help to constrain theory mass treatments and PDFs
In time for LHC!
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Hope there are more prizes to discover at the LHC...!

Annual CERN Road Race Sept. 2008
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CcC

Scale Uncertainty (c)

HERA F,

3 Q*=2GeV| 4 GeV 7 GeV?
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Scale Uncertainty (b)

HI BEAUTY CROSS SECTION IN DIS HI BEAUTY CROSS SECTION IN DIS
o - Q 5GeV: | Q 12 GV’ o - Q 5GeV: T Q 12 GeV’
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