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PLAN OF THE TALK

• by no means this talk is fully comprehensive

�c,b ⌘c,b hc,b X(3872)

• Disclaimer:

• the choice of presented results is biased

• apologies if I have left out some of your results

• I will not talk on the theory development (See Jian-Wei Qiu’s first talk)

• I will only talk on proton-(anti-)proton collisions
(nucleus-nucleus or proton-nucleus collisions 

see the sessions this afternoon or on Tuesday)
• I will skip      and     production    ⌥ (Covered by Jian-Wei Qiu’s first talk)
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Godfrey, (2009)
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WHY IT IS INTERESTING ?
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WHY IT IS INTERESTING ?
J/ ⌥

Aaij et al., (2012)

20%-30%
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WHY IT IS INTERESTING ?
J/ ⌥

• Only one color-octet long distance matrix element
See Jian-Wei’s talk for the theory development
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WHY IT IS INTERESTING ?
J/ ⌥

• Only one color-octet long distance matrix element
See Jian-Wei’s talk for the theory development

• No pain of suffering from too many freedom to be determined

• A good candidate to test NRQCD velocity scaling rule
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WHY IT IS INTERESTING ?
J/ ⌥

• Only one color-octet long distance matrix element
See Jian-Wei’s talk for the theory development

• No pain of suffering from too many freedom to be determined

• A good candidate to test NRQCD velocity scaling rule

• However, it is a little bit challenge to measure via

• The trigger of photon is high in order to suppress background

• The photon is detected via photon conversion
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THEORY VS EXPERIMENT
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

Aaij et al., (2012)

Naive spin counting:

�(�c2)

�(�c1)
⇠ 5

3

Data:

�(�c2)

�(�c1)
⇠ 1
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

Aaij et al., (2012) Correct fraction !
Correct trend !
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

• Comparisons were restricted to the yields only
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

• Comparisons were restricted to the yields only

• Polarization would be a smoking gun ?
See next talk/discussion
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

• Comparisons were restricted to the yields only

• Polarization would be a smoking gun ?
See next talk/discussion

• Polarization observables are also available at NLO NRQCD
HSS, Ma,  Wang, Chao, (2014)

HSS, Ma,  Wang, Chao, (2014)
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

• Comparisons were restricted to the yields only

• Polarization would be a smoking gun ?
See next talk/discussion

• Polarization observables are also available at NLO NRQCD
HSS, Ma,  Wang, Chao, (2014)

• However, no data to compare !
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THEORY VS EXPERIMENT
• State of  the art theoretical computation is NLO NRQCD

Ma,  Wang, Chao, (2011)

• Better agreement between theory and data

• Comparisons were restricted to the yields only

• Polarization would be a smoking gun ?
See next talk/discussion

• Polarization observables are also available at NLO NRQCD
HSS, Ma,  Wang, Chao, (2014)

• However, no data to compare !

• Keep in mind: feeddown from               is not negligible !  

Aaij et al., (2014)

�b(3P )
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• Studies in kt-factorization also appear 
Baranov, Lipatov,  Zotov, (2015)

Baranov,  Lipatov, Zotov, (2015)

Baranov, Lipatov, Zotov, (2015)
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Non-identical WF@Orig
Big violation of HQSS ?
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Godfrey, (2009)
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• How to interpret it ?

• tetraquark ?

• charmonium,                ?

•  hadronic molecule ?

�c1(2P )
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• Understanding it from prompt yields at hadron colliders ?
• hadronic molecule interpretation normally has lower yields than data

Suzuki, (2005); Bignamini et al., (2009)�(pp̄ ! X)⇥ Br(X ! J/ ⇡+⇡�)

theory CDFvs
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• Understanding it from prompt yields at hadron colliders ?
• hadronic molecule interpretation normally has lower yields than data

Suzuki, (2005); Bignamini et al., (2009)
• rescattering effects could enhance the molecule production rate

Artoisenet, Braaten (2010)
• However, it overshots the LHCb and CMS data

Aaij et al., (2012); Chatrchayan et al., (2013)

• Is it a charmonium ?

• It disfavors a pure charmonium based on NLO NRQCD fit
Butenschoen, He, Kniehl, (2013)

Butenschoen, He, Kniehl, (2013)

Sunday, February 28, 16



Quarkonium2016, ECT* Hua-Sheng Shao

This is an output file created in Illustrator CS3

Colour reproduction
The badge version must only be reproduced on a 
plain white background using the correct blue:
 Pantone: 286
 CMYK: 100  75  0  0 
 RGB: 56  97  170
 Web: #3861AA

Where colour reproduction is not faithful, or the 
background is not plain white, the logo should be 
reproduced in black or white – whichever provides 
the greatest contrast. The outline version of the 
logo may be reproduced in another colour in 
instances of single-colour print.

Clear space
A clear space must be respected around the logo: 
other graphical or text elements must be no closer 
than 25% of the logo’s width.

Placement on a document
Use of the logo at top-left or top-centre of a 
document is reserved for official use.

Minimum size
Print: 10mm
Web: 60px

 
CERN Graphic Charter: use of the outline version of the CERN logo

11

X(3872)
• Understanding it from prompt yields at hadron colliders ?
• hadronic molecule interpretation normally has lower yields than data

Suzuki, (2005); Bignamini et al., (2009)
• rescattering effects could enhance the molecule production rate

Artoisenet, Braaten (2010)
• However, it overshots the LHCb and CMS data

Aaij et al., (2012); Chatrchayan et al., (2013)
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• NLO NRQCD fit works by interpreting it as a mixing of  �c1(2P )�D0D̄⇤0

Meng, Gao, Chao, (2005); Meng, Han, Chao, (2013)

Meng, Han, Chao, (2013)
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• rescattering effects could enhance the molecule production rate

Artoisenet, Braaten (2010)
• However, it overshots the LHCb and CMS data
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• Is it a charmonium ?

• It disfavors a pure charmonium based on NLO NRQCD fit
Butenschoen, He, Kniehl, (2013)

• NLO NRQCD fit works by interpreting it as a mixing of  �c1(2P )�D0D̄⇤0

Meng, Gao, Chao, (2005); Meng, Han, Chao, (2013)
• However, it introduces an extra parameter to fit (fraction of charmonium)

• More comparisons are needed to confirm its ingredient
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• Most of them are for     and    production, because of easy reconstruction

• We should not overlook other quarkonium

• Some of them are more clean “theoretically” though difficult “experimentally”.

• Some tell us new complementary information

• Some help us to explore the new pieces of physics/QCD

• The theoretical calculations are already at NLO in NRQCD
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