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Measured fragmemntation functiomns

Fragmentation function D/, (z) describes the distribution of hadrons over fractional light-cone
momentum z = p; /Py -
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Measured fragmemntation functiomns

Fragmentation functions of heavy quarks look quite differently
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Perturbative fragmentatiomn

A quark, originated from a hard collision is lacking the soft component of
its color field (equivalent gluons) with k% < Q= e

It regenerates the stripped off components of the field by radiating gluons. <3 .

The radiated gluons subsequently hadronize forming a jet of hadrons.

Gluons are radiated successively in accordance with the coherence
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First are radiated gluons with small longitudinal and large transverse momenta.
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How much energy is radiated over the path length L? PRC 82(2010)037901
12
Q? 1 — light quark
Aba A ) axx- " o ] — b Guark
= — 1. O
(L) / / LT Teas
A2 0
8_
dn, 2066 (k?) k2[1 + (1 — x)?] %
dxdk?  37x [k2+ x2m32|? .8
L]
<
Light quarks: dng/dk? ~ 1/k? e
Heavy quarks dng/dk* ~ k*/mg =5
Dead ffect: gl ith k? “m? ?OQ gaEe o
ead-cone effect: gluons wi < x“mg s

are suppressed. Heavy quarks radiate less energy

than the light ones. They promptly restore their Heavy quarks radiate only a small fraction

color field and stop radiating. 10-20% of their momentum.
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Heavy quarks radiate only a small fraction 05k Ty,
: | ALEPH, OPAL,SLD gl 7\

10-20% of their momentum. r 04 2
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This explains the quite unusual shape of the R ] 2 1

E 0.1 5 ey : <

experimentally observed fragmentation function 2 <] aan :

{ fragmentation

: _01111111111
It shows that only a small fraction (1-z) of the b-quark 0 0102030403 06 07 08 09 1

momentum, is lost.

.< Such a specific shape of the fragmentation function
Mg 8 is a direct consequence of the dead-cone effect.
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Production lengtls

1(k,) q,(p,)

The gluon radiation process by a heavy quark Q ends up

with color neutralization by a light antiquark and

production of a Q-qbar dipole. _
I(k,) q,(p)

As far as we can calculate AE(L)/E, the production length example of pion production

distribution can be extracted directly from Dy (2)

dw _ 1 oAph| < A i e s
2k b/B\% - | — p,= 10GeV
dL, P oL =D ; --- p;=30GeV
—~ 3_— ........ pT=100 GeV »
Remarkably, the mean value of Lp is extremely short =
and shrinks with rising pT. This sounds counter intuitive, | 2
however, the process has maximal hard scale pTr = W %
e
It is much shorter than the confinement radius, '
i.e the fragmentation mechanism is pure perturbative. 0w
At L=Lp, a small-size dipole, with no certain mass. L, (fm)
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Fragmemntation in a dense medinm

formation length of a Qq meson

The light quark in a B-meson carries a tiny fraction of the momentum, x ~ mgy/my ~ 5%
The produced b-gbar dipole has a small transverse separation, but it expands with a high
speed, enhanced by 1/x. It promptly reaches the large hadronic size.

1 8
L¢ ~ §X(1 — xX)(r3%)pT where (r%) = 5 (r?) and (r2,)s = 0.378 fm?

[Ch.-W. Hwang (2001)]

The B meson is nearly as big as a pion, since its radius is controlled by the mass of the light antiquark.
This is the early, perturbative stage of the dipole expansion.

The further evolution filters out the states with large relative phase shifts.
The longest time takes discrimination between the two lightest hadrons,
the ground state B and the first radial excitation B" , which concludes the 2 2pT

formation process. Correspondingly the full formation path length is, mg, — my

Still, i is pretty short. E.g. for oscillatory potential mB— mB=2w = 0.6 GeV,

so Lf =0.06 fm[pT /1 GeV].
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Attenuation inm a demnse medipm
Mean free path in the medium

The mean free path of such a meson in a hot medium with transport coefficient (rate of broadening) q

1 T 3
q <I'%?> 861<I'<2:h>

Eg.at §=1GeV?/fm A =0.04fm  an extremely short path length

A b-quark propagates through the hot medium, easily picking up and losing accompanying light
antiqguarks. Meanwhile the b-quark keeps dissipating energy with a rate, slightly enhanced by medium-

induced effects. Eventually the detected B-meson is produced in the dilute periphery of the medium.
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Attemiiation inm a demnse miediiim:

O

i dW AE(L,) AE(L,)
dL Lo o e 200
/ PAL, E 2 E

dzUpp_>BX 3 1 /

d?pr 2rpTtET /

Here the b-B fragmentation function is replaced by the Lp distribution applying the previously used relation

dw 1 0Ap'i
dLp o PE)F OL B U

Dy /B (2)

The medium-modified Lp distribution is

dwaA <r123> i I
= q(Lp B dL a(L
L, :

The in-medium Lp turns out to be much longer, because the B-meson is produced mainly at the periphery,

o0

dzo'AA_)Bx 1 o d20'pp_>bx o dwWAA AE(LP) ( AE(L ))
— i 5 P
d?prd?s 2rprET ,/d o d?qr /d FTAl8)TalR=7) dep dLp E : b

0
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Resunlts: B-mmeson

Different sources of energy loss should be added up. Medium-induced energy loss is much smaller

than in vacuum. Besides, it is expected to be suppressed for heavy flavors by the dead-cone effect.
[Yu.Dokshitzer & D.Kharzeev (2001)]
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c-quarks radiate in vacuum more energy than b-quarks, while the effects of absorption of c-qbar and b-gbar
dipoles in the medium are similar. Therefore D-mesons are suppressed in AA collisions more than B-mesons.
Raa(pT) for D-mesons steeply rises due to color transparency.

Since bq dipoles expand much faster than cq

no color transparency effects are seen in Raa (pt) for B-mesons.
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Summmary

Heavy and light quarks produced in high-pT partonic collisions radiate differently.
Heavy quarks regenerate their stripped-off color field much faster
and radiate a significantly smaller fraction of their initial energy.

This peculiar feature of heavy-quark jets leads to a specific shape of the fragmentation
functions. Differently from light flavors, the heavy quark fragmentation function strongly
peaks at a large fractional momentum z, i.e. the produced heavy-light mesons, B or D, carry
the main fraction of the jet momentum. This is a clear evidence of the dead-cone effect,
and of a short production time of a heavy-light mesons.

Contrary to propagation of a small g-q dipole, which survives in the medium due to color
transparency, a g-Q dipole promptly expands to a large size. Such a big dipole has no
chance to remain intact in a hot medium. On the other hand, a breakup of such a dipole
does not suppress the production rate of Q-gbar mesons, differently from symmetric

q-gbar or Q-Qbar mesons.
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Why the AA/NN ratio
rises with pT for prompt J/y,
but hardly varies for
non-prompt?

B. Kopeliovich, ISMD 2023



