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Figure 4. The nuclear modification factor RdA for J/ and  (2s)
production at midrapidity.

Figure 5. Relative modification of  (2s) and J/ as a function of
proper time spent in the nucleus, for PHENIX, NA50, and E866
[4, 12, 13]. A model which describes the fixed target data breaks
down for the PHENIX data [11].

The capability to separate the two states was achieved in 2012 with a major upgrade to the PHENIX muon spec-
trometers. The Forward Silicon Vertex Detector (FVTX, [14]) provides precise measurements of charged particle
tracks in front of the hadron absorbers, allowing for a determination of muon pair opening angles before they undergo
any multiple scattering in absorber material, which greatly improves the dimuon mass resolution. Fig. 6 shows the
dimuon mass spectrum from the 2013 p + p dataset using the pair opening angle as measured by the South PHENIX
muon trackers (which are behind the absorber) and the FVTX.
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Figure 6. Dimuon mass spectra in the PHENIX South muon arm
using only the muon trackers, and the muon trackers with the
FVTX.
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Figure 7. Fit to dimuon mass spectra used to extract the J/ and
 (2s) peaks.

The same data is shown in Fig. 7, with a reduced scale to focus on the mass region of interest. A fit consisting
of a Crystal Ball plus Gaussian is used to extract the J/ and  (2s) counts, with the background represented by the
mixed-event combinatorial contribution plus an exponential. During fitting, the di↵erence between the peak centers is
set to the PDG value of 0.589 GeV. The ratio of the yields of these two states is corrected for the di↵erence in detector
e�ciency, and shown in Fig. 8, along with world data from other experiments (see [15, 16, 17] and references
therein). The error bar on the ratio is the quadrature sum of the statistical uncertainty and the systematic uncertainty
due to uncertainties in the relative widths of the Gaussian component of the fit, dimuon trigger e�ciency, background
contributions, and detector e�ciency. The new PHENIX measurement is consistent with world data and has an error
bar that is comparable to other precision measurements.
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近年では、励起状態が基底状態に比べてより強
﹅ ﹅ ﹅ ﹅

く抑制されるという実験結果が報告されている

クォーコニウム抑制：QGP中でクォーコニウムが消失する現象

R R 

R 
R R 
c� cR 

この消失温度が理論的興味の対象になっている
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励起状態の消失温度も求めたい

基底状態だけでなく

両者に違いはあるのか（？）



方法
QCD和則 

（スペクトル関数の積分値の情報）

MEM 
 (積分値の情報からスペクトル関数を決定する方法)

スペクトル関数

これの温度依存性を見る

	
 .	
 M. Asakawa, T. Hatsuda, and Y. Nakahara, Prog. Part. Nucl. Phys. 46, 459 (2001)        

References
[1] M. A. Shifman, A. Vainshtein, and V. I. Zakharov, Nucl. Phys. B147, 385 (1979).
[2] M. A. Shifman, A. Vainshtein, and V. I. Zakharov, Nucl. Phys. B147, 448 (1979).
[3] L. Reinders, H. Rubinstein, and S. Yazaki, Phys. Rept. 127, 1 (1985).
[4] P. Gubler and M. Oka, Prog. Theor. Phys. 124, 995 (2010).
[5] M. Asakawa, T. Hatsuda, and Y. Nakahara, Prog. Part. Nucl. Phys. 46, 459 (2001).
[6] K. Ohtani, P. Gubler, and M. Oka, Eur. Phys. J. A 47, 114 (2011).
[7] K. Ohtani, P. Gubler, and M. Oka, Phys. Rev. D 87, 034027 (2013).
[8] P. Gubler, K. Morita, and M. Oka, Phys. Rev. Lett. 107, 092003 (2011).
[9] K. Suzuki, P. Gubler, K. Morita, and M. Oka, Nucl. Phys. A897 (2013).

[10] B. L.Ioffe and K. N. Zyablyuk, Nucl. Phys A687, 437 (2001).
[11] S. Borsanyi et al., Phys.Rev. D 88, 014513 (2013).
[12] P. Colangelo and A. Khodjamirian, At the Frontier of Particle Physics/ Handbook of QCD 3, 1495

(2000).
[13] Particle Data Group, J. Beringer et al., Phys. Rev. D 86, 010001 (2012).
[14] D. B. Leinweber, Ann. Phys. 254, 328 (1997).
[15] S. Bethke, Nucl. Phys. Proc. Suppl. 234, 229 (2013).
[16] E. V. Shuryak, Rev. Mod. Phys. 65, 1 (1993).
[17] K. Kodaira, An Introduction to Calculus (Kaiseki Nyumon I) (Iwanami-Shoten, 2003).
[18] K.-J. Araki, K. Ohtani, P. Gubler, and M. Oka, PTEP 2014, 073B03 (2014), 1403.6299.

23/23



複素Borel和則

従来のBorel和則

複素Borel和則 s

s

apply B̂[|z|]. Doing this, we obtain
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(7)

for which detailed derivations are given in Appendix C. Here let us compare these results
with the following pre-existing formulae for the corresponding real functions:
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(8)

These all suggest that the Borel transformation of the analytically continued of OPE equals
that of the original OPE with a complex valued Borel mass. We can thus set

B̂[|z|]Π(z) = GOPE(M2eiθ), (9)

where GOPE(M2) is defined as GOPE(M2) ≡ B̂[−q2]ΠOPE(q2).
Finally, we obtain

GOPE(M2) =
1

M2

∫ ∞

0
e−s/M2

ρ(s)ds (Re[M2] > 0) (10)

where M2 ≡ M2eiθ. This form of the complex plane QCD sum rule is nothing but the
well known real valued Borel sum rule, in which the real Borel mass is replaced by its
complex analogue, M2. Therefore, the complex Borel plane sum rules is found to be a
simple generalization of the ordinary Borel sum rules to the complex Borel mass plane and
of course includes the latter at θ = 0.

2.4. Properties of the CBSR

Although the CBSR of Eq.(10) looks similar to its real counterpart, its content is quite
different. Since Eq.(10) is complex valued, it simultaneously gives two sum rules which can
be obtained from its real and imaginary part. Specifically, we have

⎧
⎪⎨

⎪⎩

Re[GOPE(M2)] =
∫ ∞

0
KR(M2; s)ρ(s)ds,

Im[GOPE(M2)] =
∫ ∞

0
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(11)

where KR(M2; s) and KI(M2; s) are defined as

KR(M2; s) ≡ Re
[ 1
M2

e−s/M2
]

=
1

M2
e−(cos θ/M2)s cos

[
(sin θ/M2)s − θ

]
,

(12)
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Borel sum rules のパラメータを複素数に一般化できる

パラメータ領域 積分核の振る舞い



解析結果　(J/Ψ)
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