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Building up a picture of a medium-modified jet from phenomenology

• Hadrons to splittings

• Flavor-dependence of splittings

hadrons
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Accessing heavy flavor splitting functions

Heavy flavor splittings:
̅𝑐, $𝑏

𝑐, 𝑏𝑐, 𝑏
Advantages:

• Heavy flavor is preserved in the shower 
and not produced at hadronization

• At high energies, access light flavor splittings

Used in ALICE [2106.05713]

Focus of this talk: phenomenology of 𝑔 → 𝑐 ̅𝑐

• Access late (more modified) splittings in the shower
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Phenomenologically accessing the 𝑔 → 𝑐 ̅𝑐 splitting in jets

Leading processes for heavy quark production (approximately) collinear

Flavor creation

Flavor excitation Gluon splitting

Ilten, Rodd, Thaler, Williams [1702.02947] Gluon splitting Non-gluon-splitting
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Sample of showers including 𝑔 → 𝑐 ̅𝑐
splitting with high purity (>99%)

𝐷!

)𝐷!

Expected experimental sensitivity already in Run 3/4 

Phenomenologically accessing the 𝑔 → 𝑐 ̅𝑐 splitting in jets
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Modification of the 𝑔 → 𝑐 ̅𝑐 splitting function

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2203.11241]

Resum arbitrarily-many soft gluon interactions with a medium of length L
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Results of the calculation:
• Depletion at small 𝑘"# broadening

Resum arbitrarily-many soft gluon interactions with a medium of length L
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kc

<latexit sha1_base64="8Ke2KQ8AiLsgA+CzbvjL7maj1+0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm4nAzIoVyzzol513CqyTMuq2Y6dE6fmnrnI1kqOCizRHJTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9VNJE0wmeER7mkY4pNLL5qfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKU/42GTFCi+FQTTATTtyIyxgITpdMp6RC+PkX/k7Zj2q55fuNWGpfLOIpwBMdwCjbUoAHX0IQWEBjBAzzBs8GNR+PFeF20FozlzCH8gPH2CaZRjg8=</latexit>

z

<latexit sha1_base64="TnFI/eTzUixb87l67kFfzXrwm9U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadld1yTegl48JmAekCxhdjKbjJl9MDMrxJAv8OJBEa9+kjf/xtkkgooWNBRV3XR3+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1eZ376jQrI4ulGThHohHkYsYAQrLTXu+8WSZV5Uy45bRpZpWRXbsTPiVNwzF9layVCCJer94ntvEJM0pJEiHEvZta1EeVMsFCOczgq9VNIEkzEe0q6mEQ6p9KbzQ2foRCsDFMRCV6TQXP0+McWhlJPQ150hViP528vEv7xuqoKqN2VRkioakcWiIOVIxSj7Gg2YoETxiSaYCKZvRWSEBSZKZ1PQIXx9iv4nLce0XfO84ZZql8s48nAEx3AKNlSgBtdQhyYQoPAAT/Bs3BqPxovxumjNGcuZQ/gB4+0TS/eNSA==</latexit>

Results of the calculation:
• Depletion at small 𝑘"#

• Less modification with increasing 𝐸$

broadening

formation-time dependence

Pg!cc̄(Eg, k
2
c , z) = P vac

g!cc̄(k
2
c , z) + Pmed

g!cc̄(Eg, k
2
c , z)

<latexit sha1_base64="iHIa/+AJ2bq2sbz/dszSxSDXxxY="></latexit>

Resum arbitrarily-many soft gluon interactions with a medium of length L
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Modification of the 𝑔 → 𝑐 ̅𝑐 splitting function

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2203.11241]

Eg

<latexit sha1_base64="AzlyijRiZxAfP16SXpj0XIOmvfI=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTGtu6KIrisaB/QhjKZTtKhkwczE6GEfoIbF4q49Yvc+TdO2goqeuDC4Zx7ufceL+FMKsv6MJaWV1bX1gsbxc2t7Z3d0t5+W8apILRFYh6Lrocl5SyiLcUUp91EUBx6nHa88WXud+6pkCyO7tQkoW6Ig4j5jGClpdurQTAolS3zvF6tOFVkmZZVsyt2Tio159RBtlZylGGB5qD03h/GJA1ppAjHUvZsK1FuhoVihNNpsZ9KmmAyxgHtaRrhkEo3m506RcdaGSI/FroihWbq94kMh1JOQk93hliN5G8vF//yeqny627GoiRVNCLzRX7KkYpR/jcaMkGJ4hNNMBFM34rICAtMlE6nqEP4+hT9T9oV03bMsxun3LhYxFGAQziCE7ChBg24hia0gEAAD/AEzwY3Ho0X43XeumQsZg7gB4y3T3J9je0=</latexit>

kc

<latexit sha1_base64="8Ke2KQ8AiLsgA+CzbvjL7maj1+0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm4nAzIoVyzzol513CqyTMuq2Y6dE6fmnrnI1kqOCizRHJTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9VNJE0wmeER7mkY4pNLL5qfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKU/42GTFCi+FQTTATTtyIyxgITpdMp6RC+PkX/k7Zj2q55fuNWGpfLOIpwBMdwCjbUoAHX0IQWEBjBAzzBs8GNR+PFeF20FozlzCH8gPH2CaZRjg8=</latexit>

z

<latexit sha1_base64="TnFI/eTzUixb87l67kFfzXrwm9U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadld1yTegl48JmAekCxhdjKbjJl9MDMrxJAv8OJBEa9+kjf/xtkkgooWNBRV3XR3+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1eZ376jQrI4ulGThHohHkYsYAQrLTXu+8WSZV5Uy45bRpZpWRXbsTPiVNwzF9layVCCJer94ntvEJM0pJEiHEvZta1EeVMsFCOczgq9VNIEkzEe0q6mEQ6p9KbzQ2foRCsDFMRCV6TQXP0+McWhlJPQ150hViP528vEv7xuqoKqN2VRkioakcWiIOVIxSj7Gg2YoETxiSaYCKZvRWSEBSZKZ1PQIXx9iv4nLce0XfO84ZZql8s48nAEx3AKNlSgBtdQhyYQoPAAT/Bs3BqPxovxumjNGcuZQ/gB4+0TS/eNSA==</latexit>

Pg!cc̄(Eg, k
2
c , z) = P vac

g!cc̄(k
2
c , z) + Pmed

g!cc̄(Eg, k
2
c , z)

<latexit sha1_base64="iHIa/+AJ2bq2sbz/dszSxSDXxxY="></latexit>

Results of the calculation:
• Depletion at small 𝑘"#

• Less modification with increasing 𝐸$
• Medium-enhanced rate of 𝑐 ̅𝑐 production!

broadening

formation-time dependence

gluons promoted above 
threshold

Resum arbitrarily-many soft gluon interactions with a medium of length L
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Observing g → 𝑐 ̅𝑐 enhancement in jets

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2209.13600]

Computational strategies

• “Reweighting” Pythia shower with 𝑘"-
differential modified splitting function

• Modify all splitting functions in simple 
dipole shower (“Q-Pythia style”)

• JetMed Monte Carlo simulations

• Only modifies g → 𝑐 ̅𝑐 splitting 
(no energy loss)

• 𝑘!-differential g → 𝑐 ̅𝑐 splitting 
function

• hadron level

• All splittings modified (accurate 
energy loss)

• 𝑘!-integrated g → 𝑐 ̅𝑐 splitting
• parton level
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Reweight each splitting by

Observing g → 𝑐 ̅𝑐 enhancement in jets

𝐷!

)𝐷!

Get kinematics of g → 𝑐 ̅𝑐

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2209.13600]



2 < q�L [GeV2] < 8

Pythia 8.3, s =5.5 TeV
q�L = 4 GeV2
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14Jasmine Brewer (Oxford)

Reweight each splitting by

Observing g → 𝑐 ̅𝑐 enhancement in jets

𝐷!

)𝐷!

Get kinematics of g → 𝑐 ̅𝑐

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2209.13600]



2 < q�L [GeV2] < 8

Pythia 8.3, s =5.5 TeV

g�gg, q�qg, g�qq
g�qq

q�L = 4 GeV2
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15Jasmine Brewer (Oxford)

𝑁*+*/𝑁,-./ is dominantly sensitive to enhancement of 𝑔 → 𝑐 ̅𝑐 splittings

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2209.13600]

Crucial for 𝑅!!

Enhancement of 𝑁"#"/𝑁$%&' is generated 
by modification of 𝑔 → 𝑐 ̅𝑐𝐷!

)𝐷!

Modified all splittings in simple dipole shower Hoeche [1411.4085]

𝑐

̅𝑐

(parton level)



JetMed vacuum, s =5.5 TeV

static (4 fm, �=0.24)
static (3 fm, �=0.35)

expanding
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16Jasmine Brewer (Oxford)

𝑔 → 𝑐 ̅𝑐 enhancement in JetMed Monte Carlo simulations

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2209.13600]

Medium-induced charm enhancement in JetMed
moderately larger than by reweighting

𝑐

̅𝑐

Charm mass threshold applied after broadening w/ Gregory Soyez

Vacuum-like Medium-induced Outside medium

Jet quenching in JetMed

(parton level)

Caucal, Iancu, Soyez
[1907.04866]
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Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings

Eg

<latexit sha1_base64="AzlyijRiZxAfP16SXpj0XIOmvfI=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTGtu6KIrisaB/QhjKZTtKhkwczE6GEfoIbF4q49Yvc+TdO2goqeuDC4Zx7ufceL+FMKsv6MJaWV1bX1gsbxc2t7Z3d0t5+W8apILRFYh6Lrocl5SyiLcUUp91EUBx6nHa88WXud+6pkCyO7tQkoW6Ig4j5jGClpdurQTAolS3zvF6tOFVkmZZVsyt2Tio159RBtlZylGGB5qD03h/GJA1ppAjHUvZsK1FuhoVihNNpsZ9KmmAyxgHtaRrhkEo3m506RcdaGSI/FroihWbq94kMh1JOQk93hliN5G8vF//yeqny627GoiRVNCLzRX7KkYpR/jcaMkGJ4hNNMBFM34rICAtMlE6nqEP4+hT9T9oV03bMsxun3LhYxFGAQziCE7ChBg24hia0gEAAD/AEzwY3Ho0X43XeumQsZg7gB4y3T3J9je0=</latexit>

kc

<latexit sha1_base64="8Ke2KQ8AiLsgA+CzbvjL7maj1+0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm4nAzIoVyzzol513CqyTMuq2Y6dE6fmnrnI1kqOCizRHJTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9VNJE0wmeER7mkY4pNLL5qfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKU/42GTFCi+FQTTATTtyIyxgITpdMp6RC+PkX/k7Zj2q55fuNWGpfLOIpwBMdwCjbUoAHX0IQWEBjBAzzBs8GNR+PFeF20FozlzCH8gPH2CaZRjg8=</latexit>

z

<latexit sha1_base64="TnFI/eTzUixb87l67kFfzXrwm9U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadld1yTegl48JmAekCxhdjKbjJl9MDMrxJAv8OJBEa9+kjf/xtkkgooWNBRV3XR3+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1eZ376jQrI4ulGThHohHkYsYAQrLTXu+8WSZV5Uy45bRpZpWRXbsTPiVNwzF9layVCCJer94ntvEJM0pJEiHEvZta1EeVMsFCOczgq9VNIEkzEe0q6mEQ6p9KbzQ2foRCsDFMRCV6TQXP0+McWhlJPQ150hViP528vEv7xuqoKqN2VRkioakcWiIOVIxSj7Gg2YoETxiSaYCKZvRWSEBSZKZ1PQIXx9iv4nLce0XfO84ZZql8s48nAEx3AKNlSgBtdQhyYQoPAAT/Bs3BqPxovxumjNGcuZQ/gB4+0TS/eNSA==</latexit>

𝐷!

)𝐷!

A uniquely clean phenomenological signature of medium modification

• Isolate individual type of splitting (not quark 
and gluon mixture) at any stage of the shower

• Splitting can be identified at hadron level from 
𝐷 and )𝐷 in reclustering history

• Splitting kinematics from reclustering history
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Can use jet substructure to access broadening at hadron-level

Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings

Eg

<latexit sha1_base64="AzlyijRiZxAfP16SXpj0XIOmvfI=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTGtu6KIrisaB/QhjKZTtKhkwczE6GEfoIbF4q49Yvc+TdO2goqeuDC4Zx7ufceL+FMKsv6MJaWV1bX1gsbxc2t7Z3d0t5+W8apILRFYh6Lrocl5SyiLcUUp91EUBx6nHa88WXud+6pkCyO7tQkoW6Ig4j5jGClpdurQTAolS3zvF6tOFVkmZZVsyt2Tio159RBtlZylGGB5qD03h/GJA1ppAjHUvZsK1FuhoVihNNpsZ9KmmAyxgHtaRrhkEo3m506RcdaGSI/FroihWbq94kMh1JOQk93hliN5G8vF//yeqny627GoiRVNCLzRX7KkYpR/jcaMkGJ4hNNMBFM34rICAtMlE6nqEP4+hT9T9oV03bMsxun3LhYxFGAQziCE7ChBg24hia0gEAAD/AEzwY3Ho0X43XeumQsZg7gB4y3T3J9je0=</latexit>

kc

<latexit sha1_base64="8Ke2KQ8AiLsgA+CzbvjL7maj1+0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm4nAzIoVyzzol513CqyTMuq2Y6dE6fmnrnI1kqOCizRHJTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9VNJE0wmeER7mkY4pNLL5qfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKU/42GTFCi+FQTTATTtyIyxgITpdMp6RC+PkX/k7Zj2q55fuNWGpfLOIpwBMdwCjbUoAHX0IQWEBjBAzzBs8GNR+PFeF20FozlzCH8gPH2CaZRjg8=</latexit>

z

<latexit sha1_base64="TnFI/eTzUixb87l67kFfzXrwm9U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadld1yTegl48JmAekCxhdjKbjJl9MDMrxJAv8OJBEa9+kjf/xtkkgooWNBRV3XR3+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1eZ376jQrI4ulGThHohHkYsYAQrLTXu+8WSZV5Uy45bRpZpWRXbsTPiVNwzF9layVCCJer94ntvEJM0pJEiHEvZta1EeVMsFCOczgq9VNIEkzEe0q6mEQ6p9KbzQ2foRCsDFMRCV6TQXP0+McWhlJPQ150hViP528vEv7xuqoKqN2VRkioakcWiIOVIxSj7Gg2YoETxiSaYCKZvRWSEBSZKZ1PQIXx9iv4nLce0XfO84ZZql8s48nAEx3AKNlSgBtdQhyYQoPAAT/Bs3BqPxovxumjNGcuZQ/gB4+0TS/eNSA==</latexit>

• Broadening: 

Pythia 8.3, R=0.4
jet pT > 20 GeV
jet pT > 80 GeV
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momentum broadening of 𝑐 ̅𝑐 pair

parton vs. hadron level unmodified vs. modified
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Eg

<latexit sha1_base64="AzlyijRiZxAfP16SXpj0XIOmvfI=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaTGtu6KIrisaB/QhjKZTtKhkwczE6GEfoIbF4q49Yvc+TdO2goqeuDC4Zx7ufceL+FMKsv6MJaWV1bX1gsbxc2t7Z3d0t5+W8apILRFYh6Lrocl5SyiLcUUp91EUBx6nHa88WXud+6pkCyO7tQkoW6Ig4j5jGClpdurQTAolS3zvF6tOFVkmZZVsyt2Tio159RBtlZylGGB5qD03h/GJA1ppAjHUvZsK1FuhoVihNNpsZ9KmmAyxgHtaRrhkEo3m506RcdaGSI/FroihWbq94kMh1JOQk93hliN5G8vF//yeqny627GoiRVNCLzRX7KkYpR/jcaMkGJ4hNNMBFM34rICAtMlE6nqEP4+hT9T9oV03bMsxun3LhYxFGAQziCE7ChBg24hia0gEAAD/AEzwY3Ho0X43XeumQsZg7gB4y3T3J9je0=</latexit>

kc

<latexit sha1_base64="8Ke2KQ8AiLsgA+CzbvjL7maj1+0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm4nAzIoVyzzol513CqyTMuq2Y6dE6fmnrnI1kqOCizRHJTf+8OYpCGNFOFYyp5tJcrLsFCMcDor9VNJE0wmeER7mkY4pNLL5qfO0IlWhiiIha5Iobn6fSLDoZTT0NedIVZj+dvLxb+8XqqCupexKEkVjchiUZBypGKU/42GTFCi+FQTTATTtyIyxgITpdMp6RC+PkX/k7Zj2q55fuNWGpfLOIpwBMdwCjbUoAHX0IQWEBjBAzzBs8GNR+PFeF20FozlzCH8gPH2CaZRjg8=</latexit>

z

<latexit sha1_base64="TnFI/eTzUixb87l67kFfzXrwm9U=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgadld1yTegl48JmAekCxhdjKbjJl9MDMrxJAv8OJBEa9+kjf/xtkkgooWNBRV3XR3+QlnUlnWh5FbWV1b38hvFra2d3b3ivsHLRmngtAmiXksOj6WlLOINhVTnHYSQXHoc9r2x1eZ376jQrI4ulGThHohHkYsYAQrLTXu+8WSZV5Uy45bRpZpWRXbsTPiVNwzF9layVCCJer94ntvEJM0pJEiHEvZta1EeVMsFCOczgq9VNIEkzEe0q6mEQ6p9KbzQ2foRCsDFMRCV6TQXP0+McWhlJPQ150hViP528vEv7xuqoKqN2VRkioakcWiIOVIxSj7Gg2YoETxiSaYCKZvRWSEBSZKZ1PQIXx9iv4nLce0XfO84ZZql8s48nAEx3AKNlSgBtdQhyYQoPAAT/Bs3BqPxovxumjNGcuZQ/gB4+0TS/eNSA==</latexit>

Gluons have a “lifetime” depending on their energy

time

⌧f ⇠ 2Eg

Q2

<latexit sha1_base64="onkxCOdSPRp0o47mxKhnF7D6j2E=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiSlosuiCC5bsA9oYphMJ+3QmUmYmQgldOXGX3HjQhG3foM7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rcLK6tr6RnGztLW9s7tn7x+0VZxKTFo4ZrHshkgRRgVpaaoZ6SaSIB4y0glH11O/80CkorG40+OE+BwNBI0oRtpIgX3saZQGEfQU5dCLJMJZFd4Eg0nWvK9OArvsVJwZ4DJxc1IGORqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXmpIgnCIzQgPUMF4kT52eyNCTw1Sh9GsTQlNJypvycyxJUa89B0cqSHatGbiv95vVRHl35GRZJqIvB8UZQyqGM4zQT2qSRYs7EhCEtqboV4iEwW2iRXMiG4iy8vk3a14tYq581auX6Vx1EER+AEnAEXXIA6uAUN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+ACgemEs=</latexit>

Another time-delayed probe: Apolinario, Milhano, Salam, Salgado [1711.03105]

Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings

• Formation time dependence of broadening
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Another time-delayed probe: Apolinario, Milhano, Salam, Salgado [1711.03105]

time time

• Access modification of 𝑐 ̅𝑐 pair at later times in the QGP 

Increasing gluon energy

∼ 1 − 6 fm delay for 
20 − 100 GeV gluons 

Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings

• Formation time dependence of broadening
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splitting virtuality < 5 GeV

• Formation time dependence of broadening

Near mass threshold 𝑄( ∼ 𝑚)
(, formation time grows with energy

Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings
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• Formation time dependence of broadening

Near mass threshold 𝑄( ∼ 𝑚)
(, formation time grows with energy

Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings
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Caution: 
virtuality depends explicitly on the 
relative momentum of the splitting

This cut vetoes pairs that have 
broadened!
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• Formation time dependence of broadening
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Beyond enhancement: unique phenomenology of 𝑔 → 𝑐 ̅𝑐 splittings

The level of the 𝑔 → 𝑐 ̅𝑐 splitting in the shower is correlated with formation time
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A process with many exciting future avenues!

• Broadening of 𝑐 ̅𝑐 pair from hadron level

• Formation time dependence of modification

• Medium-enhanced rate of 𝑐 ̅𝑐 production

Outlook

So far..

Clean process with a lot of exciting physics opportunities!

Pythia 8.3, R=0.4
jet pT > 20 GeV
jet pT > 80 GeV
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