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Means to study parton propagation and fragmentation
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Q2 = -g? four-momentum transferred by the electron;
VvV = E-E° (lab) energy transferred by the electron;
Z = E /v fraction of initial quark energy carried by hadron;

P+ hadron momentum transverse to Y* direction;

() angle between leptonic and hadronic planes
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Q2 = -g? four-momentum transferred by the electron;
VvV = E-E° (lab) energy transferred by the electron;
Z = E /v fraction of initial quark energy carried by hadron;

P+ hadron momentum transverse to Y* direction;

() angle between leptonic and hadronic planes
m CLAS/DIS kinematics: Q?>1 GeV?, W >2 GeV ;0.1<x<0.55,y<0.85
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OBSERVABLES(1)

Transverse momentum broadening

)
2 2 2
ApT7 =< p7 >a — < p7 >D

.

\

Connects to partonic phase

= in-medium partonic multiple scattering
= medium stimulated gluon emission

= quark energy loss

= average transport coefficient
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OBSERVABLES(2)

Hadronic multiplicity ratio

Nh(V,QQ,Z,pT,¢)
NG(V7Q2)|DIS A

Nh(V7Q27Z7PT7¢)
NG(V7Q2)|DIS D

RK (Va ng ZapT7¢) —

Connects to hadronic phase

® hadron formation times and mechanisms
® in-medium cross sections
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EXPERIMENT

|Bdl=1.7T-m

Drift Superconducting
Chanber \ - Toroidal agne CEBAF Large Acceptance Spectrometer

'|||| \ \/’R

= Charged particles angles 8°-144°
B R e = Neutral particles angles 8°-70°

_\‘, _— 216 channels
—‘ 99.5% efficient

= |dentification of e*/e"y, p,n, TT+/TT" ,K*/K-

electron beam directio;

Electromagnetid

Time of Flight Counters \ \ Shower
{

Calorimeters
500+ channels, 145 ps resolution 1700+ channels

o/E =10 /D/E0

CLAS EG2

= Electron Beam 5.014 GeV electron beam™ /™" /Fe/pb
= Luminosity (1.3-2)103* 1/secm?
= Targets 2H,'2C,>Fe,2%’Pb
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Hadron Attenuation
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HADRON ATTENUATION | 7+

JLab/CLAS data for C, Fe, Pb

Example of 3D multivariable slices of

N

preliminary CLAS data on TU*

v from 2-4 GeV, Q2 from |-4 GeV?
in 8 v-Q? bins and 30 z bins per nucleus

—-
w

=
L

JLab/CLAS data for C, Fe, Pb

Multiplicity ratio for "

V from 2-4 GeV, Q2 from |-4 GeV?
in 9 v-Q? bins and 30 p?t bins per nucleus

= Quantitative behavior compatible with Hermes

= Attenuation depends on nuclear size

* Increase of hadrons at low z, attenuation at high z
= Bears resemblance to Cronin effect at high pt?

Multiplicity ratio for m*

2.1.20

P2T (GeVd)

Analysis by H.Hakobyan
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HADRON ATTENUATION | 7t¥
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o8- C . 2D and 3p 10 analysis are on the way
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HADRON ATTENUATION | 7
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HADRON ATTENUATION | KO
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pr Broadening
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Transverse Momentum Broadening (GeV?)
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Pr BROADENING | n*

Drell-Yan and DIS comparison

lHERMESn,n K*

o CLAS/JLab prellmlnary ot

’ [ L L o |
0 50 100 150 200 250

Mass number (JLab/HERMES data shifted for better view)

W.Brooks, H.Hakobyan arxiv.0907.4606
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Pr BROADENING | n*

Drell-Yan and DIS comparison
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A<pf> (Gev?/c?)
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Negative Pions
e 25<v<3GeV

= 3.5<v<4GeV

L

L l 1 L

Q%> 1GeV?

0.5<z<0.6
W> 2 GeV

1 l 1 1 1 1

N

4

1/3
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Results are not corrected for acceptance, radiation
Include statistical errors only
n¥ requires a further study of resolution effects
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RADIATIVE CORRECTIONS

HAPRAD_CPP = HAPRAD(2) + Modified structure fnc from fit(x, Q2 z, pt, @) to CLAS data

RC coefficients in 5 dimensional bins

180
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30000 :—ﬁF 2.2<y<2.8
25000 % 0.5 <zn.<0_ 6
20000 E g
- +
15000 +jrr+
- +
10000 1L+
[ e
5000} Sk
! P | - YRR TR W A T T N N S l_m_l-t_:_n—“:j_.* I S T |
1.2 1.3 0 0.2 0.4 0.6 0.8 I
RC coefficient Py

Distribution of the RC coefficients calculated for
3(Q?)x3(V)x3(z)x60(p1)xP(12) equidistant points

HAPRAD_CPP code:_https://github.com/usm-data-analysis/HAPRAD_cpp

pt? without radiative correction (red) and the

same with

radiative correction (black)

Radiative Effects in the Processes of Hadron Electroproduction. I.Akushevich, N.Shumeiko, A.Soroko. Eur. Phys. J. C10, 681-687 (1999).

Lowest order QED radiative corrections to five-fold differential cross section of hadron leptoproduction. Phys. Lett. B 672 35-44 (2009).
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FUTURE

Near term data

= LHC jet quenching; comparison of PbPb vs pp at +/s = 2.76 TeV/nucleon
= FNAL E906: 120 GeV Drell-Yan; partonic energy loss extraction

Near decade data

= CLAS@12GeV : 2<V <9 GeV; 2<Q?<9 GeV?; |0x more luminosity.
Approved experiment: http://www.jlab.org/exp prog/proposals/06/PR12-06-117.pdf

= EIC: 100 < Epap < 2000GeV; 10<v<1600 GeV;
hadron formation outside nuclear medium.
https://eic.jlab.org/wiki/index.php/EA_Parton_propagation_and_fragmentation
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CONCLUSION

= Preliminary results on multi variable extraction of multiplicities and transverse
momentum broadening for 7+ 70 -

= First world data on K multiplicities
= Good consistency of CLAS data set with HERMES results

= Need theoretical framework to extract partonic and hadronic scales
in nuclear medium

= CLASI2 gives access to flavor dependence and further multidimensional analysis
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4 dditiona/ S/lides
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Cross section (mb)

, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3,?,‘?},,?% ,,,,,,,,,, f,p,e,lastic,,,,i ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
I SO AU AT A Lt
‘ ‘ ‘ P.. GeV/c
L Ll | | ‘ L Ll | | ‘ L L | \‘ L L L L I
-1 2
10 1 10 10
np 1.2 2 3 4 5 6 7 8 910 20 30 40
\/SGeV I | I ‘\ ‘\ ‘\ \‘\‘\‘\‘\‘ I | I ‘\ \‘ I ‘\ ‘\ e | | |

Cross section (mb)
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z-scaling of Apt?
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Cronin effect <«
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HADRON ATTENUATION | m*

B.Z. Kopeliovich et al / Nuclear Physics A 740(2004) 21 1-245

<

:i', .': 3 Ry
R
B 0.45<z_<0.55 +
")_j e o )
v 0 65*‘-‘-Zzn_<‘-1f}. 73
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_ m “N  hadrons

- 84
[ O Kr hadrons

0.1<X ,<0.18
0.18<X ,<0.24
0.24<X ,<0.3

Cronin dependance on xB

(b) :

M

0.1<X ,<0.18
0.18<X ,<0.24
0.24<X ,<0.3
0.3<X ,<0.55

o4l

lllllllllllll

LU

| 1 I |

(c)

0.1<X ,<0.18
0.18<X ,<0.24
0.24<X ,<0.3
0.3<X ,<0.55
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1) Hadron quenching vs. z,

L Red: absorption model
(o0p = 0.6503)
[A.A., et al., NPA 761(05)67]

Blue: energy loss model
with SW quenching weights

(¢ = 0.6 GeV?/fm)

0.6 ™~

 HERMES NPB 780(07)1y ¢ _ [A.A., Acta.Phys.Hung. '06 & PRC '07]
5 absorption e
| ——— energy loss .
04 bbb o Both describe the data:
0.2 0.4 0.6 0.8 1 A : .
Zy no info on parton lifetime
accardi@jlab.org GSI, 28-30 May 2009

A.Accarléli
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