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Gluon Splitting to bottom quarks at the LHC
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Bottom quark production

Angular correlations

Gluon splitting in real life



Bottom quark production at the LHC
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Bottom quark production at the LHC
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(14 TeV)

https://arxiv.org/abs/1509.05026

https://arxiv.org/abs/0704.2999

R = 0.4

https://arxiv.org/abs/1509.05026
https://arxiv.org/abs/0704.2999


Bottom quark production at the LHC
• General properties of the (initial state) gluon splitting:

– Low Df

– Low Dh

– Mostly (but not only) similar pT between the two quarks

5https://cdsweb.cern.ch/record/1311216/

https://cdsweb.cern.ch/record/1311216/


Rich and diverse probe of the SM
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What have we learnt from LHC Run 1?
• So far, several 7 TeV measurements:

– bb

– Z+b(b) (gluon splitting diluted by gg-induced process)

– W+b(b) (only gluon splitting contributes)
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CMS di-hadrons at 7 TeV

8https://arxiv.org/abs/1102.3194

https://arxiv.org/abs/1102.3194


ATLAS di-bjets at 7 TeV

9https://arxiv.org/abs/1607.08430

Penalty to pay
when using jets

https://arxiv.org/abs/1607.08430


CMS Z+b(b) at 7 TeV

10https://arxiv.org/abs/1310.1349

cfr Inclusive cross-section with two b-jets
https://arxiv.org/abs/1402.1521

https://arxiv.org/abs/1310.1349
https://arxiv.org/abs/1402.1521


ATLAS Z+b(b) at 7 TeV

11https://arxiv.org/abs/1407.3643

https://arxiv.org/abs/1407.3643


ATLAS Z+b(b) at 7 TeV

12https://arxiv.org/abs/1407.3643

https://arxiv.org/abs/1407.3643


LH15 exercise on V+bb
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LH17 exercise on hadron correlations

• Using the ATLAS di-hadron correlation 
measurement (https://arxiv.org/abs/1705.03374)

in the channel B(→ J/ψ[→ µµ] + X)B(→ µ + X)
– Go down to DR~0 but need to unfold fragmentation

14

https://arxiv.org/abs/1705.03374


Where is this going?
• V+bb background modeling strategies for VH(bb)
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Theory driven pre-fit systematics

• Data driven pre-fit systematics

https://indico.cern.ch/event/665524/contributions/2903789/attachments/1623131/2583678/2018-03-26_LHCHXSWG_WG1_VH_exp.pdf

https://indico.cern.ch/event/665524/contributions/2903789/attachments/1623131/2583678/2018-03-26_LHCHXSWG_WG1_VH_exp.pdf


Where is this going?
• More detailed example: W+b(b) background modeling for VH(bb)
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What else can and should we measure?
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https://arxiv.org/abs/1506.05629

https://arxiv.org/abs/1506.05629


What have we been up to since early Run 1?
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CMS gbb performance
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8 TeV analysis

https://arxiv.org/abs/1712.07158

https://cds.cern.ch/record/1581306/files/BTV-13-001-pas.pdf
https://arxiv.org/abs/1712.07158


Refining the calibration with more data
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https://arxiv.org/abs/1712.07158

https://arxiv.org/abs/1712.07158


Where is this going?
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/HighPtTrackingDP

https://arxiv.org/abs/1709.05543

https://twiki.cern.ch/twiki/bin/view/CMSPublic/HighPtTrackingDP
https://arxiv.org/abs/1709.05543


HH @ HL-LHC
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https://cds.cern.ch/record/2221658/

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-15-002/

https://cds.cern.ch/record/2221658/files/ATL-PHYS-PUB-2016-024.pdf
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-15-002/


What about ttH(bb)?
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https://indico.cern.ch/event/407347/contributions/975965/attachments/1211342/1766869/hxswg16.pdf

https://indico.cern.ch/event/407347/contributions/975965/attachments/1211342/1766869/hxswg16.pdf


What about ttH(bb)?
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https://indico.cern.ch/event/555360/contributions/2274684/attachments/1353121/2044020/tth_theory_october_16.pdf

https://indico.cern.ch/event/555360/contributions/2274684/attachments/1353121/2044020/tth_theory_october_16.pdf


ttbb 5F at NLO
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ttbb 4F at NLO
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NLOPS ttbb 4F SHERPA+OPENLOOPS
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Conclusions
• Usually, from the experimental perspective, gluon splitting is 

something you want to get rid of
– VH(bb)

– ggH(bb)

– H(bb)H(bb)

– ttH(bb)

– …

• But you must know very well
– Very abundantly produced at LHC

– Enters in most of the analyses with final state b quarks

• Very difficult to model theoretically
– Large uncertainties

• Useful to calibrate b-tagging

• We should probably perform more SM measurements in different 
phase spaces, multi-differential etc
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Backup
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What else can and should we measure?
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Caution: do we measure partons, hadrons, or (track) jets?
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ATLAS gbb performance

36https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-039/

7 TeV double b-tagger 8 TeV analysis

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-039/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-100/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-002/


Further Powheg+Pythia8 results
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-006/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-006/
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Dominant topologies in 4F ttbb (FS vs IS)
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