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the | NV (p)) denotes the isospin and spin averaged static nucleon state with the four-momentum
p = (My,0), and normalized as (N (p)|N (p')) = (27)*2pod°(p — p'). The T},),(¢) happen to
be the current-nucleon forward scattering amplitudes.
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We carry out the operator product expansion to the condensates up to dimension-5 at the large
space-like region in the nuclear matter, and obtain the analytical expressions of the correlation
functions at the level of quark-gluon degree’s of freedom,

H,lu/(q07 Cf) — (_g,uV + ql;gV) Z Cn(QOa ®<ON>pN + - ) (5)

where the C),(qo, ¢) are the Wilson coefficients, the in-medium condensates (O,,) ,, = (O,,) +
51 (On) v at the low nuclear density, the (O,) and (O,)y denote the vacuum condensates
and nuclear matter induced condensates, respectively. Then we collect the terms proportional

to pn (or the nuclear matter induced condensates),
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The J,(x) denotes the isospin averaged currents 1s(x), no(z), 1,(z) and 9, (x),

775(513) = 775(x) _ E(x)i’75CI($) + g(x)i’y5c(x) |
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which interpolate the pseudoscalar scalar, scalar, vector and axialvector mesons D, D, D*
and D, respectively, the ¢ denotes the u or d quark.
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We can decompose the correlation functions Tﬁ(w, q) as

e 4.9y
Tﬁ(‘”?q) = TN(W,Q) <_glﬂ/ —l_ 2—2) +H9V<waq)l;—27 (8)

according to Lorentz covariance, where the Ty (w, g ) denotes the contributions from the vec-
tor and axialvector mesons, and the 7% (w, g ) denotes the contributions from the scalar and
pseudoscalar mesons.



In the limit of the 3-vector ¢ — 0, the correlation functions 7T (w, q) can be related to
the D*N and DN scattering T-matrixes, i.e. Tp«n(Mp+,0) = 8n(My + Mp+)ap- and
To.n(Mp,,0) = 8 (Mpy + Mp,)ap,, where the ap- and ap, are the D* N and D; N scattering
lengths, respectively. Near the pole positions of the D* and D mesons, the phenomenological
spectral densities p(w, 0) can be parameterized with three unknown parameters a, b and c,

fzz)*/Dle%*/D1 To+/pn(w, 0)
p(w,0) = — Im | — 5 — o 9)
T (w - Mp.p + i€)
d
= amcS(ch — MZQD*/DI) +b6(w? — MZQD*/DI) + c6(w? — sp) (10)
the terms denoted by - - - represent the continuum contributions. The first term denotes the
double-pole term, and corresponds to the on-shell (i.e. w? = M12)* / p,) effects of the 7
matrixes,
a — _SW(MN+MD*/Dl)aD*/le%*/DlM%*/Dl7 (11)
and related with the mass-shifts of the D* and D; mesons through the relation
SMpe/p, = PN a: (12)
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the second term denotes the single-pole term, and corresponds to the off-shell (i.e. w? #
Ml%* / Dl) effects of the 7'-matrixes; and the third term denotes the continuum term or the
remaining effects, where the s is the continuum threshold.

In the limit w — 0, the Ty (w, 0) is equivalent to the Born term TDBS}“%l v(w,0). We take into
account the Born term at the phenomenological side,

a b @
Tn(w?) = TBEL (w?) + + + : (13)
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with the constraint
a b c
+ +— = 0. (14)
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The contributions from the intermediate spin—% charmed baryons are zero in the soft-limit
g, — 0, and we only take into account the intermediate spin-% charmed baryons in calculating
the Born terms, and parameterize the hadronic matrix elements as
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where the Uy and U A,/x, are the Dirac spinors of the nucleon and the charmed baryons A/,
respectively; the g5 /s pn» ga./5.Di N> gfc /5.D*N and g/{c /5.p,N are the strong coupling con-
stants in the vertexes. In the limit g, — 0, the strong coupling constants ch S.D*N and
ch /S.DIN have no contributions.



We draw the Feynman diagrams, calculate the Born terms and obtain the results

2f 5 Mp. My (My + MN)gtipen
[w? — (My + My)?] [w? — M3.)*
2f2 M2 My (Mg — My)g?

(w? — (Myg — My)?] |w? — M3 |

Tpow(w,0) =

where the H means either A, ¥, ¥ or V. The masses My = 2.286 GeV and My, =
2.454 GeV from the Particle Data Group, we can take My ~ 2.4 GeV as the average value.
On the other hand, there are no inelastic channels for the D*N and DN interactions in the
case of the charmed mesons cg.



Two QCD sum rules:
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g* 0 10 20 30 40 50
OMp- MeV) | =75 | =72 | =70 | —67 | —65 | —62
OMp- MeV) | =382 | —381 | =380 | —380 | =379 | —378
OMp, MeV) | 70 71 73 74 76 78
OMp, (MeV) | 262 263 264 265 266 267

ap~y (fm) | —-1.13|—-1.09 | —-1.05| —1.02 | —0.98 | —0.94
apsy (fm) |—-7.20|—-7.18|—-7.17|—-7.15|—-7.14 | —7.13
ap,n (fm) 1.11 | 1.14 | 1.16 | 1.19 | 1.21 | 1.24
ap,n (fm) 5.00 | 5.02 | 5.04 | 5.05 | 5.07 | 5.09

Bt ER, RENNBEERE, RELHEQCDKFMMNM, By~ 3.86, 52|
R & % & oMp+ — —71 MeV, oM p+ =
—380MeV, oMp, = 72MeV, oMp, = 264MeV, Fazk
SR aApxN = —1.07fm, AB*N = —7.17fm, aDlN ==
1.15 fm, &BlN = 5.03 fm.
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Figure 1: The mass-shifts dM versus the Borel parameter M?, the A, B, C and D denote the D*
D, B* and B; mesons, respectively.
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where My = Mp-)p, + 0Mp-/p, and F.. = F' + o F, the mass center Mp-,p, and the mass
splitting 0 M p-/p, can also be obtained.
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