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Recent DO and TOTEM experiments

e There is currently no definite evidence for the glueball’s existence.

e Recently, DO and TOTEM studied pp and pp cross sections, and found
them differ with a significance of 3.40 (which can be increased to be
5.2 —5.70).

DO Collaboration, Phys. Rev. D 86, 012009 (2012);
DO and TOTEM Collaborations, arXiv:2012.03981 [hep-ex];
TOTEM Collaboration, Eur. Phys. J. C79, 785 (2019).

* The above difference leads to the evidence of a t-channel exchanged
odderon, i.e., predominantly a three-gluon glueball of C = -.

COMPETE Collaboration, Phys. Rev. Lett. 89, 201801 (2002);
V. A. Khoze, A. D. Martin and M. G. Ryskin, Phys. Rev. D 97, 034019 (2018);
E. Martynov and B. Nicolescu, Eur. Phys. J. C79, 461 (2019).

Interests in glueballs are reviving recently!
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QCD sum rule approach

e Construct relativistic glueball currents using:

Gy and Gy,

* Perform QCD sum rule calculations

e Compare with Lattice QCD calculations
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QCD Sum Rules

« In sum rule analyses, we consider two-point correlation functions:
I1(g?) & i [ d*xe'™(0|Tn(x)n*(0) |0)
~ 2n{0MIn)Xnn*|0)

where n is the current which can couple to hadronic states.
- By using the dispersion relation, we can obtain the spectral density

1 (q2) _ /_ JO(D'J ds

s — g —ic

In QCD sum rule, we can calculate these matrix elements from QCD (OPE) and
relate them to observables by using dispersion relation.

Hadron Level
Observables: Low energy
spectral densities

Quark and Gluon Level Quark-Hadron Duality

Operator Product Expension




Quark and Gluon Level
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QCD Sum Rules

 Borel transformation to suppress the higher order terms:

2 72 0 AT R
M(ME) = f2e M /Mp = / e=5/Mg p(s)ds

8

- Two free parameters
Mg, So

We need to choose certain region of (Mg, s).

- Criteria
1. Stability
2. Convergence of OPE
3. Positivity of spectral density

4. Sufficient amount of pole contribution



QCD sum rule results
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QCD sum rule results
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QCD sum rule results
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QCD sum rule results
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QCD sum rule results
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(asGG) = (6.35£0.35) x 1072 GeV*,
(PG = (a,GG) x (8.2+1.0) GeV?.

| S. Narison, Int. J. Mod. Phys. A 33, 1850045 (2018) |




QCD sum rule results

(s GG) = (0.005 4 0.004) x 7 GeV*,
(g2G?) = (a,GG) x (8.2+1.0) GeV~.

| B. L. loffe, Prog. Part. Nucl. Phys. 56, 232 (2006) |

(asGG) = (6.35£0.35) x 1072 GeV*,
(PG = (a,GG) x (8.2+1.0) GeV?.

| S. Narison, Int. J. Mod. Phys. A 33, 1850045 (2018) |




QCD sum rule results

Working Regions

Glueball Current sg"" [GeV?] Pole [%] | Mass [GeV]
so [GeV?] Mg [GeV?]

|GG;07T) Jo 7.8 9.0+ 1.0 3.71-4.18 40-48 1.791015
GG; 27T | gz 8.5 100+£1.0 | 3.99 4.60 40-50 1.8670 14
[GG;077) Jo 7.9 9.0+1.0 | 3.16-3.72 40-50 2151011
IGGy27 %) | Jorezfe 7.6 90+10 | 3.06-3.76 40-52 2.12491}
IGGG;0" ) 0 17.1 19.0+£2.0 | 4.22-4.67 40-49 3.141017
|GGG 2 )| poreefrbe 26.9 29.0+£3.0 | 6.356.82 4046 3.9570-21
|GGG;07 ) o 27.2 30.0+3.0 | 6.25-6.99 40-49 4217055
IGGG; 27 )| porezil 17.6 300+£3.0 | 4.987.81 40-78 3.9015-18
IGGG; 1) P 17.7 20.0+2.0 | 5.04-5.62 40-49 3.197012
IGGG;2F7) 102,152 23.2 26.0£3.0 | 6.24-6.90 40-48 3.677920
IGGG;3T7)| ggrazas iz 23.8 26.0+3.0 | 6.687.18 40-46 3.637021
IGGG;177) cof 32.5 35.0 & 4.0 5.93-6.89 40-50 5.10192L
IGGG;277)|  ggroxmnie 35.7 380+4.0 | 7.83 845 40-46 4.8110°2)
|GGG;377)| £grazas.fibzls 34.9 37.0 + 4.0 6.07-7.02 40-48 5.47+0-28




QCD sum rule results

Lattice QCD results

Glueball QCD sum rules Ref. [10] Ref. [11] Ref. [12] Ref. [13]
|GG;0"T) 1.79%015 1.714+0.05+£0.08 | 1.734+0.05+0.08 | 1.48+0.03+0.07 | 1.80 4 0.06
|GG;27T) 1.8675 13 2.394+0.034+0.12 | 2404+0.034+0.12 | 2.15+0.03+£0.10 | 2.62 £ 0.05
IGG;0™T) 215011 2.56 +0.04+0.12 | 2.59+0.04+0.13 | 2.2540.06 £ 0.10 -
IGG;271) 2.1210-15 3.04+0.044+0.15 | 3.10+£0.03+£0.15 | 2.78 £0.054+0.13 | 3.46 £ 0.32
|IGGG; 0" ) 3.147917 - 2.67+0.18+0.13 | 2.76+£0.03+£0.12 | 3.76 4+ 0.24
|IGGG;277) 3.95702) 2.88 +£0.10 4+ 0.13
GGG;0 " 4.21+0-18 — 3.644+0.06+0.18 | 3.37+0.154+0.15 | 4.49 + 0.59
‘ 0.20
IGGG;27T) 3.90105% - - 3.48 £0.14 £ 0.16 -
IGGG;177) 3.191015 2.984+0.034£0.14 | 2944+0.03+£0.14 | 2.67+£0.07+0.12 | 3.27+£0.34
IGGG;277) 3.670359 4.23+0.05+£0.20 | 4.14 4+ 0.05 4 0.20 - -
GGG; 37~ 3.6319-21 3.60+0.044+0.17 | 3.554+0.04+0.17 | 3.27+0.094+0.15 | 3.85 +0.35
| 0.23
|IGGG;177) 5.10102% 3.83+0.04+0.19 | 3.854+0.05+0.19 | 3.24+0.33+0.15
GGG; 2~ 4811221 4.014+0.05+0.20 | 3.93+0.04+0.19 | 3.66+0.13+0.17 | 4.59+0.74
0.24
GGG:3™~ 5.4710-28 4.204+0.05+0.20 | 4.134+0.094+0.20 | 4.334+0.26 &+ 0.20 -
0.19




QCD sum rule results Lattice QCD results

| quenched I unguenched

Glueball QCD sum rules Ref. [10] Ref. [11] Ref. [12] Ref. [13]
|GG;0"T) 1.79%015 1.714+0.05+0.08 | 1.734£0.05+0.08 | 1.48+0.03+0.07 || 1.8040.06
|GG;21T) 1.8675 12 2.3940.034+0.12 | 2.404+0.03£0.12 | 2.1540.03£0.10 || 2.62£0.05
IGG;0™T) 215011 2.56 +0.04+0.12 | 2.59+0.04+0.13 | 2.2540.06 £ 0.10 -
IGG;271) 2.1210-15 3.04+0.044+0.15 | 3.10+£0.03+£0.15 | 2.78£0.054+0.13 || 3.46 £ 0.32

|IGGG; 0" ) 3.147917 - 2.67+0.18+£0.13 | 2.76+£0.03+£0.12 || 3.76 +0.24
|GCG; 27T 3.95703)

0" 4.21F0-% - 3.644+0.06+0.18 | 3.37+0.15£0.15 || 4.49+0.59
IGGG;0 ) o =+ 7 + 4.49 +
|GGG;27T) 3.9070 55 - - 3.48 +0.14 £ 0.16 -
IGGG;177) 3.191012 2.984+0.034£0.14 | 2944+0.03+£0.14 | 2.67+£0.074+0.12 || 3.27£0.34
IGGG;277) 3.670359 4.234+0.05+0.20 | 4.14 £0.05+0.20 - -
|IGGG;377) 3.63103% 3.60+0.04+0.17 | 3.554+0.04+0.17 | 3.27+£0.094+0.15 || 3.85£0.35
|IGGG;177) 5107075 3.834+0.04+0.19 | 3.854+0.05+0.19 | 3.24+0.33+0.15
|IGGG; 2™ ) 4.81102) 4.014+0.05+£0.20 | 3.93+£0.044+0.19 | 3.664+0.13+£0.17 || 4.59+0.74
|IGGG;377) 5.471028 4.20+0.05+0.20 | 4.134+0.09+£0.20 | 4.33 £0.26 & 0.20 —




Decay analyses
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Decay analyses
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Decay analyses

Meson — A
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Summary

* We study mass spectra of two- and three-gluon glueballs
through QCD sum rules.

e Our QCD sum rule results are generally consistent with
Lattice QCD calculations.

e Honestly speaking, we still know little about glueballs.

Thank you very much!
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