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Agenda WG4 (Friday July 30, 2010)

1.  Ramona Vogt. Heavy-quark cross section, transverse-
momentum distribution, B->J/psi decays

2. Yuri Dokshitzer. Selected topics on heavy-flavour
production including dead-cone effects

3. Pol Bernard Gossiaux: Energy loss from heavy quarks in a
dense medium

4. Tzvetalina Stavreva:. Heavy-quark + photon production and
heavy-quark parton densities



Open Heavy Flavor Production at RHIC

Obtaining the Total Charm Cross Section:

From theory:

e Calculate total hadronic cross section from partonic total cross sections (NDE,
1998), at high energies next-to-leading order (NLO) still state of the art, no
complete NNLO total cross section (ny =3 for charm production)
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e Integrate pr distribution calculated in Fixed-Order-Next-to-Leading Logarithm
(FONLL) approach, more accurate representation of high p; region, fixed order
part still based on NLO but assumes heavy quark is active light flavor (n; = 4
for charm)
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NLO & FONLL
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Charm & Bottom from semileptonic decays

Comparison to Electron Data at 200 GeV

PHENIX pp data near top of uncertainty range over all p;, closer to FONLL cal-
culation after electrons from J/i) decays removed

New STAR analysis shows their electron results to be compatible with PHENIX,
total cross section (from D) still remains high, ~ 1 mb
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Separating cand b 7

Separation of Bottom from Charm Crucial for
Interpretation of Heavy-Ion Single Electron R 44 and vy

Electron-hadron correlations used to separate c from b
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Open Heavy Flavor Production at RHIC

R.Vogt

Summary
¥ Total charm cross sections have large theoretical uncertainties, primarily from
scale choice and PDF's
¥ Large uncertainties also seen in data

¥ Differences between FONLL and NLO total charm cross sections arise from
number of light flavors in calculation

¥ Uncertainty due to low x, low scale parton density is as large, can’t be eliminated
until more measurements in relevant region

¥ More massive bottom quarks behave better
¥ New experimental techniques being used to separate charm from bottom:

— electron-hadron correlations (charged hadrons and kaons)
— ey, correlations
— isolating charm in e¢"e~ continuum

— reconstruction of B mesons through B — J/¢yX



Few Remarks on Heavy Quarks

Y. Dokshitzer
The “dead cone” is responsible for the leading particle effect
which is clearly seen experimentally in the heavy quark fragmentation functions.

pQCD calculable Q->Q(xeg) spectra (PRD 1995)
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Low-Barnett-Kroll wisdom

Celebrated soft bremsstrahlung theorem was formulated by Francis Low in 1956 for
scalar charged particles and later generalized by Barnett and Kroll to fermions.

The very classical nature of soft radiation makes it universal with respect to

intrinsic quantum properties of participating objects and
the nature of the underlying scattering process

- 1t 1s only the classical movement of electromagnetic charges that matters.
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. . non-radiative (“Born”) cross section
Normally, for a particle production
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An enhanced matrix element, M o w ™!, characterizes classical field rather than a particle
A dramatic consequence : soft photons “don’t carry quantum numbers”

It the non-radiative process 1s for some reason forbidden (parity, C-panity, angular momentum)
the veto cannot be lifted by emitting a soft photon !



LBK and QCD

This “drama” turns into “tragedy” in the QCD context :
soft gluons “don’t carry away no colour > either

Who to blame ?

Persisting J/Qp deficit at large transverse momenta

What to look into 2..

It should be kept in mind that we are dealing here
with a small cross section strongly biased process.

In such circumstances

J/w that you measure, looking for very large ke, may turn out to be “unusual”

- not one of those peaceful boring configurations that are described
by quasi-non-relativistic quasi-Coulomb Schroedinger potential dynamics...

Measuring small cross sections, beware of rare configurations and
study fluctuations !



Energy loss from heavy-quarks in a dense medium

P.B. Gossiaux

Understanding the RHIC HQ-data

What 1s the dominant E loss mechanism? How does i1t
influence the fate of quarkonia’s ?

2 rather extreme scenarios:

Other (main) interest: the seed of the radiation

emanating from HQ; Open question: long range
behaviour and renormalisation at finite temperature

* Collisional Energy loss

* Incoherent Radiative Energy loss

Approach of increasing complexity, focused on HQ and
aiming at a MC implementation in A+A
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The (Peshier) — Gossiaux — Aichelin approach (2008)

Motivation: Even a fast parton with the largest momentum P will undergo collisions
with moderate q exchange and large a(Q?). The running aspect of the
( ( coupling constant has been “forgotten/neglected” in most of approaches
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Observables (Au-Au) vs (rescaled) Model

Best observable so far: R, , for single non-photonic electrons
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One reproduces R, , on all p, range with cranking K-factor |2

which permits to accommodate the “unknowns”
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Basic (massive) Gunion-Bertch

Radiation o deflection of current (semi-classical picture)

Eikonal limit (large k k

E, moderate q) [66666 (66666 |
= i = > = = i
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T
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wdwdgiudqi - T2 (1 —z) x 2 dq? to scatter off the virtual gluon k’
2
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(phenomenological; Qot in BDMPS)

Both cures the colinear divergences and will
influence the radiation spectra 12



Collisional vs {Radiative + Coll}
Rescaling: K=0.6
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The present data cannot decipher between the 2 local
microscopic E-loss scenarios 17



Some conclusions on Open HF

» Energy loss for R,, is a question of moderate energy loss (i.e. small x, for
rad energy loss), whatever radiative or collisional

» Bad news for deciphering the basic mechanism at RHIC I: central limit
theorem prevents to distinguish => go for more exclusive probes (azimuthal
correlation, tagged HQ-jets)

» Good news: RHIC |l or (especially) LHC will help to resolve some of the
ambiguities

» Thermal gluon mass... is the theory still predictable ?

mgz,u_z’\'f?
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Heavy Quark + Direct Photon Production

Tzvetalina Stavreva

Hardscattering Production
» Leading Order - O(aas) - Only one hard-scattering subprocess

Compton Subprocess g + Q@ — Q + v
AVAVAVAV.

IS

> Next-to-Leading Order - O(aa?)

2 — 3 hard-scattering subprocesses

g+g—Q+Q+~ Q+Q—Q+Q+~
g§+Q—g+Q+n R+ R—-QR+Q+~
Q+g—qg+ Q@+~ q+q—Q+ Q@+

R+q—-Q+g+~

» Fragmentation effects are greatly reduced due to isolation requirements
Ry Ak

M
] Q
LQ
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Comparison between theory and data
Measurements by D@ Collaboration
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» Really good agreement between data and theory for the ! + b
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» For! + c data at large p1 Is above the theory curve — possible

explanation - existence of intrinsic charm

» Even if annihilation process dominates due to the center of mass

energies can probe for IC at Tevatron



Comparison between theory and data - IC ¢ + ~

p+p_—> y+c+X p+p > y+c/b+X
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» With the use of the BHPS PDFs the cross section grows at large
pt ~, but is still below the data

» However if we are to look at the ratio of the c to b cross section
things look a bit better
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Nuclear Modifications to v + ¢
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Can test both g + charm PDF in! + ¢ processes
If no IC charm all this sensitivity is due to the gluon PDF

Same in! + b — test g PDF

Measurements with appropriate error bars can distinguish between the

different nPDFs



gamma+Q at RHIC

> pry > 7 GeV,prg >5GeV,|y,| <0.35,|yq| < 0.8
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Nuclear Modifications for gAu(x,Q:IS GeV)
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L pays = 62nb~ ! per week (H.F.Work.Group.Report) — L ™% = 200ph~*
= 190pb naive estimate Neyents = 0
At RHIC higher x region is probed

Complimentary information to ALICE

L£nteg ~ 55000




Thanks to all the speakers and participants in the
discussions




