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In_high energy heavy-ion collisions chiral symmetry is spontaneously _ _ _ When incorporating the effect of the disoriented chiral condensate, the
broken.when ’Fhe quark-glu_on plgsma phase transitions to a hot hadron Shawn Witham. Kent State Un|vers|’[y evolution of the volume and temperature of the expanding fireball has to
gas. It is theorized that, during this phase transition, there exists a product 2 be accounted for:

called a disoriented chiral condensate (DCC). By studying the effects of = T

DCC's, more information about hadronic formation, non-equilibrium Dr' Ralf Rapp’ XlngbO ZhaO, TAMU CyClOtrOn dN — /dqu/ de dN(T) V(’C)
dynamics of high energy physics, and the tendency for chirality to be dMdy T, d*xd*q

broken can be used to better understand current research in fundamental

- : - : - : o Where T is the temperature Where V is the fireball volume
physics. In this project, dilepton invariant mass specta are calculated from . e . _
the interactions of pions and DCC. The calculations are performed for CyCIOtron InStItUte evolution function: _ evolution function: -
vacuum and “in medium” situations. These theoretical calculations are Texas A&M Unlver5|ty T(’C) — 7T (_0)§ V(’C) —V (_)
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done by using numerical quadrature in FORTRAN and other various T To
computational methods. Numerically integrating dN/d*xd*q over space-time evolution gives the
plot below with the |20aseline, vacuum, and in medium width comparison.
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® A quark-gluon plasma is formed after a high energy collision and lasts Dilepton production equation where f°%¢ is the Bose factor, ImI is the | | | |
for approximately 5 fm/c. Chiral symmetry is restored and quarks and electromagnetic correlation function, M is invariant mass, a is Also plotted is the dilepton production eqn. from Huang-Wang's DCC-DCC
gluons are free to move about the collision zone. the electromagnetic coupling constant, and q,, is the energy!3!: annihilation S|tuat|02n[2]: , .
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® The QGP phase transitions into a hot hadron gas and chiral symmetry is d ﬂierm — 02 5 = —(TRD) fr a3 3 L exp|—=—2][J5 (M779) 4+ Ny (M77)]
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spontaneously broken where the quarks recombine to form hadrons. d4 — Ve f (qm T)ImH(Mj g, T)
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® During the phase transition, it is theorized that there may lie regions 9 o oos | o HEEE;E
where the chiral order parameter is misaligned from its normal value in L \/ M2 4 2 ‘ (R_D=fn tau_b=sfn/c
Isospin space. This is known as a disoriented chiral condensate (DCC). B 1 q 0 q 0.0001 | R_D=2fn  tau_8=18fn/c
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® The DCC is able to interact with pions formed from the QGP. This f — 1 1e-05 |
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interaction then emits a virtual photon which decays into a pair of leptons, (e T — 1) Pr — ZMZ — m%

commonly known as a dilepton.
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® By studying the information from the resulting dileptons, one could know
more about:
1.) hadron formation from quarks and gluons
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2.) non-equilibrium dynamics in high energy physics Breit-Wigner Rho meson .;.k,rIBU.;.lk | o 180 MeV is the _
3.) chiral symmetry restoration and breaking o.01 | I todiun 1 formation temperature 1e-10 | _
_' of the event collision. -Dilelptons Ifrom d DCC-DCC annihi!ation | | . -
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| T = 130 MeV is the
| freeze out temperature Conclusions & Future WOI‘k

1 of the collision.
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* The baseline calculations have been made for comparison to the full

1 *For Baseline gamma, DCC-pion implementation.

bce ] '_T =160 MeV | ImM calculations are

| with a fixed width. * Accurate, easy to use, and accessible computer programs have been
DCC ) - Yy = 150 MeV. made to integrate multidimensional integral functions.
001 mneaion —— | *FOr a more realistic * Implementing a DCC correlator and making a comparison with baseline
Gamma width: calculations is a necessary next step.

. . . 0-000L I %, 1 1) In vacuum, where

*All calculations were done in FORTRAN and plotted with gnuplot. | . _' no interaction with - Devising a theoretical method to test the existence of DCC would be
_ &ﬁ | outside medium is extraordinary!

*A Gauss-Legendre numerical quadrature method was used, and adapted
for multidimensional integration.
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For the time evolution of the DCC fireball, T is assumed to begin at 5 fm/c [1] Kluger, Y., Koch, V., Randrup, J., Wang, X. 1998. “Dileptons from disoriented chiral condensates.”

. . 1 2 2 [ T = 130 MeV 1 the medium effects Phys. Rev. G, Vol. 57:1, 280-290.
after the collision and end at approxmately 9.4 fm/c.l'2] - are accounted for. [2] Huang, Z., Wang, X. 1996. “Dilepton and Photon Productions from a Coherent Pion Oscillation.”
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