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... Brown-Rho scaling  (— In-medium shift - HADES)

= change of QCD vacuum



QCD Sum Rules

Current-current

Shifman, Vainshtein, Zakharov (1979)
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Twice subtracted, Borel transformed dispersion relation
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Catalog of Four-Quark Condensates

One flavor: {GI'qql"q)

time, parity reversal invariance, ...
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Two flavors: (ul'udl"d)
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Four-Quark Condensates (@0),

Factorization and beyond: H cmed
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Nucleon in medium ;) — c...[u” (2)Cruu (2)]y57"d. ()

RT, Hilger, Kampfer, NPA (2007)

Weighted dispersion relation condensates
_ 1 L —w2/ M2 ~el o 1 =2 . —w? /M2
(I — FE)— dwAll(w)e = II9(M*) — — dwwll?  (w)e
™ Jo m we
- > 2 2 T = 2 2
—pdiemn) = L [ deme wyete Ly L dwATI(w)|w — Ele™ /M
/
condensates
e —wt M U dwAT (w)wew? /M2
moments: £ o dwAll(w)we - P J. - (@)
0 T dw AT (w)e=w*/M fw_ dw AT (w)e—«*/M*
Parametrization of hadronic side:
“ 2 2 - 2 2
(Ey — E_)E/ dwAll(w)e™ MO — Ay (g + My — ZJEU)@_E+/M
T Jo 1 — Eq
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Analysis: Nucleon in medium

(q) = 11,(¢°, qu)1 + Ug(q”, qu)d + 11.(q%, qu)f

four-quark condensates 3 coupled sum rule equations:
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Numerical impact of density
dependence of combined
four-quark condensates:

Vector self-energy
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Comparison: ® in medium
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Open Charm: D CBM and PANDA @ FAIR

D* similar to K- - 80 MeV at saturation density
Scheinast et al (KaoS), PRL (2006)
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Example of Operator Product Expansion for D-meson:

amplifier
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mixing of QCD condensates
under renormalization

(Diploma thesis T. Hilger)



Conclusion

» catalog of four-quark condensates

» combinations of in-medium four-quark condensates:
» — strong density dependence Modified
N — some density dependence QCD vacuum

= different sum rules
— no factorization of combined four-quark condensates
— combinations like e.g. V — A ~ (Gqqq) may serve as further
order parameters of chiral symmetry breaking

= further hadrons probe other condensates: D — CBM, PANDA



9949-:  Nucleon

- interpolating field not unique

- inclusion of derivatives NG = Cabeltty Cyptn) sy oas|GPd).
Braun, Schafer et al, PLB (1993)

t=-1| loffe interpolating field: | n(z) = eaclus (z)Cruus(z)lys7"de(z)

S e

CI: [1(vud) (q) = 641749 In(—q )ﬂ — —q ln( q ) (qq) + 32172 hl(_q?)q <%G2> @
+ 3%2?? L (<auau> — Z{ﬂ)\Auﬂ)\Au»

uytuiy,u) — —<u7“)\Auu%)\A )

Urys Y utys ) — <Tw5’y“>\ uﬂ%%}\Au)) <: :>

uyHudy,d)y — 2(ay” )\Achfyu)\Ad»

(for vacuum)

[\3|QQMICNL\DI>—‘+-I>I>—‘»I>I>—‘/\
DO

(¢
(¢
- ((aysuuysu) — 3aps Muays A )
(¢
(¢

wysy udysyud) — %W%V“)\AUCWWMA@))



Nucleon in vacuum
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— weak density dependence of specific

four-quark condensate combinations

Drukarev, Faller et al, PRC (2004):

- nucleon matrix elements of four-quark
operators for the nucleon structures

— weak density dependence

Lattice: Gockeler, Schafer et al, NPB (2002)
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Analysis: Nucleon in medium

Threshold dependence
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