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6 theoretical talks + 11 experimental + joint session with PDF WG

break-down: 5 HERA + 6 LHC

[LHC > HERA: guess we are on the right track]

Will also summarize the joint session, which addressed the
issue of heavy quark treatment in modern PDF’s fits
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V. Saleev
G. Zanderighi

M. Cooper-Sarkar
R. Thorne
W.K. Tung

R. Guernane (x2)
K. Harrison
M. zur Nedden
C. Rosemann
A. Starodumov

A. Cholewa
B. Kahle
K. Lipka
J. Loizides
M. Turcato

Activity



Timeline

HERA

LHC

Theory

Heavy quarks in PDF’s

Disclaimer: some talks will be covered poorly/misinterpreted/neglected 
altogether, do to lack of comprehension on my part, lack of time for preparation, 

sheer exhaustion. Apologies in advance to the speakers. 
Needless to say, all the slides are available from the agenda
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ZEUS data lie above H1 

data but compatible 

within errors.

HVQDIS+CTEQ5F4 

agrees with similar 

predictions by H1 

ZEUS: 39 pb-1

H1: 57.4 pb-1

ZEUS data point at Q2=200GeV2; x=0.13 

is shifted to lower x value to be separated 

from the H1 point

Theory predictions except 

HVQDIS+CTEQ5F4  

provided by P.D.Thompson, 

hep-ph/0703103

/0 1$234Kahle

Only about 10% of available data analysed. 
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HERA II(162 pb-1) data analysed

Similar errors to the HERA I 

analysis. ! Total HERA II set 

will be ~ 450 pb-1.

→Good agreement with NLO 

QCD.

Combine results from HERA I 

and HERA II in the near future.

! Impact of charm data on PDF 

fits.

34 5('6'789

?
[More about this later on]

Loizides
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Extremely helpful to avoid theoretical bias in extrapolations

Lipka
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The (Near) Future

LHC: heavy quarks factory

• Cross sections: NLO (MNR)

– mc=1.2 GeV, mF=mR=2mc;

mb=4.75 GeV, mF=mR=mb

• Yields: assuming spp
inel = 70

(40) mb at 14 (0.9) TeV



Acceptance for open heavy flavor at LHC

ALICE

  (c/b)

ATLAS/CMS

        (b)
LHCb

   (b)
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important: complementarity of the 4 experiments



Updated benchmark cross sections

from HERA-LHC 04/05 Proceedings 

Update for b (R. Guernane):

charm, pp 14 TeV

more to come: PHOWEG, B from VFNS

Addition of MC@NLO



CMS (A.Starodumov) & ATLAS (M. zur Nedden)

• Muon detection

• Calorimetry

• Silicon trackers

• About (only) 5% of trigger bandwidth
for B Physics

zur NeddenStarodumov



CMS & ATLAS: B programmes

– CP violation (e.g. B!J/"(X), B!µµ)

– Bs oscillations (e.g. Bs!Ds#, Bs!Dsa1)
– Rare decays (e.g. B!µµ(X), B!K*$)

– Inclusive cross section measurement

CMS

ATLAS



CMS & ATLAS: b-jet tagging

up to > 1 TeV/c!

CMS

ATLAS (in progress)
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LHC vs HERA:

one heavy quark more (top!)

(C.Rosemann, CMS)

(> 2!104 GeV2)

Rosemann



LHCb
(K.Harrison)

• dedicated to B Physics

– CP violation

– rare decays

– B spectroscopy

• many complementary channels

• example: measurement of b cross section
– inclusive displaced muons

– inclusive displaced J/y  & D’s

– exclusive B mesons

    e.g. B+!J/yK+

Harrison



Guernane



ALICE
(R.Guernane)

c!D0 b!e
b!m

down to (almost) 0 pT!

Pb-Pb 5.5 TeV

pp 14 TeV

p-Pb 8.8 TeV

Guernane



Guernane



Important to use different MCs

to perform corrections!
- example from LHCb. true for everybody -

Warning: the LHC is unexplored territory (Hic Sunt Leones)
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Development of a calculational framework which can interpolate between a 
fully massive calculation at small pT and a resummed one at large pT

Impressive amount of work ongoing on a huge number of processes

Kramer



Good agreement with Tevatron data for D mesons production and with 
HERA data for photoproduction

Kramer



Despite “GM” (general mass), problems at low pT. Reminder of complexity of 
issue. Possibly related to threshold issues discussed later on

Kramer



An alternative approach: beyond the collinear limit

Saleev



Good description of D* @ Tevatron. 
What happens at large pT @ LHC?

Allows for good fit of J/psi 
production @ Tevatron

Saleev



Issues way too complex to 
summarize in a few words. See talks

Heavy quarks go next-to-next

Use factorisation to isolate 
universal behaviour of mass 

terms

Mitov

Klein



Parameter-free description of HQ fragmentation, 
using NNLL resummation and an analytic coupling

Goes into 
resummation 

formula

Ferrera



A better calculation of b-jets production using a new jet definition and a 
massless calculation

The naive idea of “flavour of a jet” 
initiated by a given quark is infrared-

unsafe: a soft gluon can change it

Solution: a new flavour jet algorithm

Typical consequence: bad convergence 
of perturbation theory

Some preliminary background:

Zanderighi



To run the algorithm you need to tell a gluon from a quark.
Hard in a detector. Except, perhaps, for a b quark.....

Zanderighi



Trick: use a massless calculation to evaluate b-jets cross section (it’s IR safe now)
Result: reduce K factor, theoretical uncertainty down from 50% to 20%

Zanderighi
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Talks by

Wu-Ki Tung

Robert Thorne

Mandy Cooper-Sarkar

CTEQ6.5M and ACOT-chi prescription

MRST prescription

Effect of inclusion of charm in fits

Talks used to bootstrap discussion. 
Mainly discuss results of the latter



Issue: treatment of heavy quarks in PDF fits

Done differently by CTEQ/MRST. Does it matter?

But first: why do they not agree?

In the following: what I understood from the discussion



CTEQ and MRST agree on the way partons are evolved,
and change through heavy quark thresholds.

They differ in the way they construct cross sections like  F2 and F2c, F2b

Why can they differ? 
They wish to describe both the threshold region (Q ~ m) and 

the asymptotic region (Q >> m)

The first one needs a massive fixed flavour number calculation (FFN)

The second a massless (zero mass) resummed calculation (ZM)

Naive merging:

F2 = FFN + ZM - double counting



Matching

In an ideal world the matching would be smooth

F2 = FFN + ZM - double counting

At large Q these two terms cancel,
leaving the resummed ZM one

At Q ~ m these two cancel,
leaving only the FFN

However, the devil is in the details



The devil

F2 = FFN + ZM - double counting

This terms starts one order higher than FFN. 
A priori, it does not contain the correct mass effects

How to include such mass effects, which are not known from an explicit 
calculation, is precisely the source of the ambiguity between different approaches

Its naive behaviour is usually unphysical: we need a prescription
(This is the same kind of issue that makes the GM-VFNS calculation in 

hadro-production difficult in the threshold region)



The different choices

CTEQ focuses on F2. 
For the heavy quark component, it chooses the simplest prescription compatible 

with a physical threshold behaviour and the order it is working at (NLO).

MRST tries to include higher (NNLO) orders.
This can give a better description of the charm/bottom structure functions. 

Not being complete, the addition of higher order terms amounts to a 
prescription (and a further prescription à la CTEQ is also present)

Can they agree on a single choice?

Does it matter?



Can they agree on a single choice?

Don’t even think about it



Does it matter?

Probably not yet

The numerically effect is small, the charm contribution to F2 is limited and 
subject to large experimental uncertainties

Mandy Cooper-Sarkar has shown that including the charm in the fit 
does not change the partons significantly. 

Hence, an ambiguity on the charm itself will have virtually no effect.

For the time being, we can live with this situation.

[Though, of course NOT treating the charm threshold at all can 
have quite some sizeable effects, see CTEQ6.1 → 6.5 change]



Conclusions

Plenty of new HERA data, and of preparations for LHC analyses

Theory also moving forward. Work on treatment of heavy quark mass 
effects, first glimpses of NNLO

Issue of different prescriptions for treating heavy quarks in PDF fits 
starting to be clarified. Probably nothing to worry about. Downside: heavy 
quark HERA data unlikely to play a significant role in the determination of 
the partons

Heavy quarks at HERA have given the push for considering matched 
calculations: useful at the LHC. Moreover, they have allowed to test 
pQCD in a number of different regimes



Expectations



 "The LHC will start soon, and of course we expect
 to discover the Higgs.... since we have already found 

so many fundamental scalar bosons." 
Rocky Kolb

Two wonderful machines, LEP and HERA, set out to revolutionise physics. 
Which they did, just perhaps not in the way we expected

Let us be ready for all contingencies


