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® correlated photons, multiplicity correlations, and more
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Relativistic Heavy lon
Collisions - parton
propagation in a hot
dense medium
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p.S., note connection to the quark model and hadron structure!



Comparison of pt broadening data - Drell-Yan and DIS
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Hermes pt
broadening data

World’s first comparison between
pion and K* prt broadening
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Production Time Extraction - Geometrical Effects

Quark Path Length * Nuclear Density vs. A"?
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Production Time Extraction - Geometrical Effects

Fits of Z-Scaled Broadening vs. A™
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Geometric model

® Three-parameter model:
® scale factor (proportional to transport coefficient)
® production time (distributed exponentially)

® effective absorption cross section
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JLab/CLAS 3-D preliminary data
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® Consistent with features of data

® Dependence of transport coefficient on z
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New Multiplicity Studies

Requiring multiple pions allows studies of higher-
multiplicity states - feasible because of high luminosities

|OX higher luminosities for CLAS|2!

Broadening vs. pi+ multiplicity

1-piplus(typ)
JLab/CLAS

" ePIPIS 5 GeV data
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A~1/3 (slight shifts for visibility)




hadron_mu|tip|icity | hadron_multiplicity_2piplus || hadron_multiplicity
Entries 2627 || Entries 50725
18000 Mean 4.671 | Mean 3.077
RMS 1.202 || RMS 1.237
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v

5 GeV electron beam

14000

12000

10000

8000

6000

—Hadron multiplicities|from Lepto for events with 2 pi+

l l I l @ L ! l I l l l I l l l I l

0 2 4 6 8 10 12 14

Higher multiplicity may correlate with more in-medium
interactions, in analogy with ‘centrality’ in RHI




had ron_multipl |c|ty | hadron_multiplicity_2piplus | hadron_multiplicity

Entries 16535 | Entries 51079
16000 Mean 5.61 | Mean 3.839
RMS 1.409 | RMS 1.5
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At |2 GeV, more reach to explore multiplicity dependence
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What is the importance of kaons in these studies?

Provide important continuity between CLAS|2 measurements and
HERMES measurements

Can compare K° to charged kaons, in pT broadening and multiplicity ratios

Kaons have smaller cross section than pions - absorption scenario:
multiplicity ratio should be larger for kaons - energy loss scenario: opposite
trend (based on shapes of fragmentation functions for kaon and pion).

LW RN IRTN N S SRS v Y et R e e Ny 8 ot I T P . e T N B S R el R R Ry Than 3 IR L A kg e e R L - b T
e SRR S By MU L R AT SRR At D e G VR T A T L R A S L S R MO T DUl o IR, b M A A
> o1 % R X A . ” - & . i g - R £ ] ¥, e . Sl yAks N TEN PR iy 3 A s . o, P MR Py R iR s Py P ot . ¥ T =
SE Rt i s R G E e et o SR S SR e SRy A e R e e e Rk I s it SRS T T S S R S S

y - 3 PRl R . P B — [ | ey 1 P S BTN g e 5 > X 3

S et

S L L AR s b D A AG B € e Rl Sty N T
AT «",,vl.‘,m}. P N t., —,’a‘q.i».’. A,




Landscape of kaon hadronization
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® Naively, K- comes more from mid-string than K*:
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Only two of the above kaons can contain a struck valence quark

Cannot distinguish between the two neutral kaons; K° thus ‘mix’ of multiple
mechanisms, requires both charged kaons to ‘understand’ K°
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Quark Propagation and Hadron Formation
The CLASI2 Experiment in the 12 GeV Era

Dependency of observables (and thus derived quantities, such as production
time, formation times, transport coefficient, in-medium cross section, etc.) on
mass, flavor, and number of valence quarks



Quark Propagation and Hadron Formation
The CLASI2 Experiment in the 12 GeV Era

hadron - Mass flavor limiting error

content = (60 PAC days)
710 25nm  0.13 uudd 5.7% (sys)
T, T 7.8 m 0.14 ud, du 3.2% (sys)
" 170 pm = 0.55 uuddss 6.2% (sys)
0, 23fm  0.78 uuddss 6.7% (sys)
n’ 0.98pm 0.96 uuddss 8.5% (sys)
") 44 fm 1.0 uuddss 5.0% (stat)”

fl 8fm 1.3 uuddss -

KO 27mm  0.50 ds 4.7% (sys)
K+ K 37m = 049 us, us 4.4% (sys)
p stable  0.94 ud 3.2% (sys)

P stable | 0.94 ud 5.9% (stat)™
A 79mm 1.1 uds 4.1% (sys)
A(1520) 13 fm 1.5 uds 8.8% (sys)
>+ 24mm 1.2 us 6.6% (sys)
> 4mm 1.2 ds 7.9% (sys)
30 22 pm 1.2 uds 6.9% (sys)
E0 87 mm 1.3 us 16% (stat)*
= 49 mm 1.3 ds 7.8% (stat)”

Dependency of observables (and thus derived quantities, such as production
time, formation times, transport coefficient, in-medium cross section, etc.) on
mass, flavor, and number of valence quarks
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time, formation times, transport coefficient, in-medium cross section, etc.) on
mass, flavor, and number of valence quarks



Quark Propagation and Hadron Formation
The CLASI2 Experiment in the 12 GeV Era

hadron - Mass flavor limiting error

content = (60 PAC days)
710 25nm  0.13 uudd 5.7% (sys)
T, T 7.8 m 0.14 ud, du 3.2% (sys)
" 170 pm = 0.55 uuddss 6.2% (sys)
0, 23fm  0.78 uuddss 6.7% (sys)
n’ 0.98pm 0.96 uuddss 8.5% (sys)
") 44 fm 1.0 uuddss 5.0% (stat)”

fl 8fm 1.3 uuddss -

KO 27mm  0.50 ds 4.7% (sys)
K+ K 37m = 049 us, us 4.4% (sys)
p stable  0.94 ud 3.2% (sys)

P stable | 0.94 ud 5.9% (stat)™
A 79mm 1.1 uds 4.1% (sys)
A(1520) 13 fm 1.5 uds 8.8% (sys)
>+ 24mm 1.2 us 6.6% (sys)
> 4mm 1.2 ds 7.9% (sys)
30 22 pm 1.2 uds 6.9% (sys)
E0 87 mm 1.3 us 16% (stat)*
= 49 mm 1.3 ds 7.8% (stat)”

*in a bin in z from 0.7-0.8, integrated over all V, pr, ()pq, and Q?>5 GeV?

**in a bin in z from 0.6-0.7, integrated over all V, pt, ()pq, and Q?>5 GeV?

Dependency of observables (and thus derived quantities, such as production
time, formation times, transport coefficient, in-medium cross section, etc.) on
mass, flavor, and number of valence quarks

Q.7

0.6

0.5

0.4

0.2

0.1

k
n—prime

/

W

O

0.2 04 0.6 0.8 1
Zh

CLAS1Z Acceptance for Mesons

0.7

0.6

0.5

0.4

0.3

0.2

0.1

i anti—proton

N A

I 7

i o

I yd =

[ — ‘ || ‘ I ‘ I ‘ I

O 0.2 0.4 0.6 0.8 1

Zh

CLAS 12 Acceptance for Baryons



Examples of Experimental Data and Theoretical Predictions

Q=2 GeV*
v=23 GV

Q=4 GeV? Q=5 GeV®
=4 eV =4 eV

Q=5 GaV 0= 6GeV?
v=>0 Gev u v=06 GeV

Q=6 GeV* Q*=8GeV?
v=7 GV B v=7 GeV

O*=6 GeV*
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Mechanisms of Hadronization

Examples of recent theory progress

® First fully quantum-mechanical calculation of in-medium hadronization

® Perturbative fragmentation via the KPPS-Berger model (KPPS, Phys. Lett.
B662:117-122,2008, arXiv:0706.3059v| [hep-ph]

® Path-integral formulation of quantum mechanics (LCGF)
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Conclusions

® Rich and exciting program of studies!
® Hermes data the first with hadron-specific information

e CLASat5and || GeV

® Strangeness production a very important part of these
studies of hadronization mechanisms and space-time QCD



