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GLOBAL EVENT SHAPES IN DIS
1-jettiness in DIS


Choices of axes:

τ1 =
2

Q2 ∑
i∈X

min{qB ⋅ pi, qJ ⋅ pi}

CM frame Breit frame

τa
1 : qB = xP , qJ = jet axis PJ

τb
1 : qB = xP , qJ = q + xP

τc
1 : qB = P , qJ = k

k

hemispheres in Breit frame

hemispheres in CM frame

aligned with jet axis 
[1303.6952]



PREDICTIONS FOR DIS THRUST
DIS thrust


Factorization 
for :


Factorization 
for :

τb
1

τa
1

[hep-ph/9912488]
τb

1 = τQ = 1 −
2
Q ∑

i∈ℋJ

pi
z

dσ
dx dQ2 dτb

1
=

dσ0

dx dQ2 dτb
1 ∫ dtJ dtB dkS δ(τb

1 −
tJ + tB

Q2
−

kS

Q )∑
q

Hq(y, Q2, μ)Shemi(kS, μ)

× ∫ d2p⊥Jq(tJ − p2
⊥, μ)ℬq(tB, x, p2

⊥, μ)

dσ
dx dQ2 dτa

1
=

dσ0

dx dQ2 dτa
1 ∫ dtJ dtB dkS δ(τb

1 −
tJ + tB

Q2
−

kS

Q )∑
q

Hq(y, Q2, μ)Shemi(kS, μ)

× Jq(tJ, μ)Bq(tB, x, , μ)

[1303.6952]

[1204.5469] 
[1303.6952]



PREDICTIONS FOR DIS THRUST
DIS thrust
[hep-ph/9912488]

τb
1 = τQ = 1 −

2
Q ∑

i∈ℋJ

pi
z

[1303.6952]



PREDICTIONS FOR DIS THRUST
Resummed, matched predictions with nonperturbative shape function
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[2504.05234]

αs(MZ) = 0.118
Ω1(RΔ, μΔ) = 0.5 GeV



GENERALIZED DIS 1-JETTINESS WITH JET REGIONS
One way:  Change by hand the definition of jet & beam regions to be determined 
by jet algorithm

[2202.08040]

τJ
1 =

2
Q2 {∑

i∈J

qJ ⋅ pi + ∑
i∉J

qB ⋅ pi}

cf. fixed-order calculation of  with 
jet axis determined by algorithms 


Our motivation:  
explore scaling of nonperturbative 
corrections with size of jet region R

τa
1J

B
R



kT class of jet clustering algorithms:

KT JET ALGORITHMS FOR DIS

pp longitudinally invariant [LI] measure:

proton

struck quark

Pµ
<latexit sha1_base64="kmY/cApx9VWrOxNprbZujvMqwZ4=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69hBbBU9mtgh4LXjxWsB/QriWbZtvQJLskWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNObud+54lpw2P1YKcJCyQZKR5xSqyTOs3HrC/T2aBc9WreAnid+DmpQo7moPzVH8Y0lUxZKogxPd9LbJARbTkVbFbqp4YlhE7IiPUcVUQyE2SLc2f43ClDHMXalbJ4of6eyIg0ZipD1ymJHZtVby7+5/VSG90EGVdJapmiy0VRKrCN8fx3POSaUSumjhCqubsV0zHRhFqXUMmF4K++vE7a9Zp/WavfX1UblTyOIpxBBS7Ah2towB00oQUUJvAMr/CGEvSC3tHHsrWA8plT+AP0+QNvXY+I</latexit>

qµ
<latexit sha1_base64="0cgoIJSTku3r50jGpvakIC1rI/U=">AAAB7nicbVDLSgNBEOz1GeMr6tHLkCB4CrtR0GPAi8cI5gHJGmYns8mQmdl1HkJY8hFePCji1e/x5t84SfagiQUNRVU33V1Rypk2vv/tra1vbG5tF3aKu3v7B4elo+OWTqwitEkSnqhOhDXlTNKmYYbTTqooFhGn7Wh8M/PbT1Rplsh7M0lpKPBQspgRbJzUfnzIesJO+6WKX/XnQKskyEkFcjT6pa/eICFWUGkIx1p3Az81YYaVYYTTabFnNU0xGeMh7ToqsaA6zObnTtGZUwYoTpQradBc/T2RYaH1RESuU2Az0sveTPzP61oTX4cZk6k1VJLFothyZBI0+x0NmKLE8IkjmCjmbkVkhBUmxiVUdCEEyy+vklatGlxUa3eXlXo5j6MAp1CGcwjgCupwCw1oAoExPMMrvHmp9+K9ex+L1jUvnzmBP/A+fwCiJ4+p</latexit>

qµ + xPµ
<latexit sha1_base64="bHfUeMypbdGWv1L4QJcN+fB52W8=">AAAB+3icdVDLSgMxFM34rPU11qWb0CIIwpBpZ6jdFdy4rGAf0I4lk6ZtaOZhkpGWob/ixoUibv0Rd/6NmbaCih64cDjnXu69x485kwqhD2NtfWNzazu3k9/d2z84NI8KLRklgtAmiXgkOj6WlLOQNhVTnHZiQXHgc9r2J5eZ376nQrIovFGzmHoBHoVsyAhWWuqbhbvbtBckc3g+hY0l7ZslZNVsp1JFEFmu47ooI8hxK24N2hZaoARWaPTN994gIklAQ0U4lrJro1h5KRaKEU7n+V4iaYzJBI9oV9MQB1R66eL2OTzVygAOI6ErVHChfp9IcSDlLPB1Z4DVWP72MvEvr5uo4YWXsjBOFA3JctEw4VBFMAsCDpigRPGZJpgIpm+FZIwFJkrHldchfH0K/yetsmVXrPK1U6oXV3HkwAkogjNggyqogyvQAE1AwBQ8gCfwbMyNR+PFeF22rhmrmWPwA8bbJ/9+lFQ=</latexit>

e�
<latexit sha1_base64="b0KvndnJOqbL3VxCIxD2zkqH07w=">AAAB6nicdVDLSgNBEOyNrxhfUY9ehgTBi8smBswx4MVjRPOAZA2zk95kyOyDmVkhLPkELx4U8eoXefNvnCQbUNGChqKqm+4uLxZcacf5tHJr6xubW/ntws7u3v5B8fCoraJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTq7nfeUCpeBTe6WmMbkBHIfc5o9pIt3h/PiiWHdtZgDh2bUXqS1LJrDJkaA6KH/1hxJIAQ80EVapXcWLtplRqzgTOCv1EYUzZhI6wZ2hIA1Ruujh1Rk6NMiR+JE2FmizU7xMpDZSaBp7pDKgeq9/eXPzL6yXar7spD+NEY8iWi/xEEB2R+d9kyCUyLaaGUCa5uZWwMZWUaZNOwYSw+pT8T9pVu3JhV29q5UYpiyMPJ1CCM6jAJTTgGprQAgYjeIRneLGE9WS9Wm/L1pyVzRzDD1jvX+/8jXg=</latexit>

e�
<latexit sha1_base64="b0KvndnJOqbL3VxCIxD2zkqH07w=">AAAB6nicdVDLSgNBEOyNrxhfUY9ehgTBi8smBswx4MVjRPOAZA2zk95kyOyDmVkhLPkELx4U8eoXefNvnCQbUNGChqKqm+4uLxZcacf5tHJr6xubW/ntws7u3v5B8fCoraJEMmyxSESy61GFgofY0lwL7MYSaeAJ7HiTq7nfeUCpeBTe6WmMbkBHIfc5o9pIt3h/PiiWHdtZgDh2bUXqS1LJrDJkaA6KH/1hxJIAQ80EVapXcWLtplRqzgTOCv1EYUzZhI6wZ2hIA1Ruujh1Rk6NMiR+JE2FmizU7xMpDZSaBp7pDKgeq9/eXPzL6yXar7spD+NEY8iWi/xEEB2R+d9kyCUyLaaGUCa5uZWwMZWUaZNOwYSw+pT8T9pVu3JhV29q5UYpiyMPJ1CCM6jAJTTgGprQAgYjeIRneLGE9WS9Wm/L1pyVzRzDD1jvX+/8jXg=</latexit>

⇡/2
<latexit sha1_base64="edgOKEg7/eVbIMqqSxqa/k4f0sk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8Xsov6/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQb5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zp3Vas/XFcbpIijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w8mT44k</latexit>

⇡/4
<latexit sha1_base64="1Xm5TQ2/XPs9azACsNfbr7vXODU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01qQY8FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Hd3O//cS1EYl6xEnKg5gOlYgEo2glv5eKq3q/XHGr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0G0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrVrVu67WHuqVBsnjKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLYWnHzmFP7A+fwBKVeOJg==</latexit>

3⇡/4
<latexit sha1_base64="uaJO6peb4WW47jvdQ3lIm1Jn/uc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91tC3osePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdeqDmF01huWKW3UXQOvEy0kFcrSG5a/BSJIkosIQjrXue25s/BQrwwin89Ig0TTGZIrHtG+pwBHVfrq4do4urDJCoVS2hEEL9fdEiiOtZ1FgOyNsJnrVy8T/vH5iwhs/ZSJODBVkuShMODISZa+jEVOUGD6zBBPF7K2ITLDCxNiASjYEb/XlddKpVb16tXbfqDRRHkcRzuAcLsGDa2jCHbSgDQQe4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gCcjo5j</latexit>

⇡
<latexit sha1_base64="EGuXNweaF4LlNUlOXgYSJQV16Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlQbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD0bRja8=</latexit>

� = ⇡
<latexit sha1_base64="F4heqzS3Uvk6eDnIq2Uhok6/O4I=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZwT6wM5RMmmlDM0lIMkIZ+hduXCji1r9x59+YPhBtPXDhcM693HtPrDgz1ve/vJXVtfWNzcJWcXtnd2+/dHDYNDLThDaI5FK3Y2woZ4I2LLOctpWmOI05bcXDm4nfeqTaMCnu7UjRKMV9wRJGsHXSQ6gGDF2jULFuqexX/CnQDwkWSRnmqHdLn2FPkiylwhKOjekEvrJRjrVlhNNxMcwMVZgMcZ92HBU4pSbKpxeP0alTeiiR2pWwaKr+nshxaswojV1niu3ALHoT8T+vk9nkKsqZUJmlgswWJRlHVqLJ+6jHNCWWjxzBRDN3KyIDrDGxLqSiC2Hp5WXSrFaC80r17qJcQ/M4CnAMJ3AGAVxCDW6hDg0gIOAJXuDVM96z9+a9z1pXvPnMEfyB9/ENiGOQEA==</latexit>

� = �⇡
<latexit sha1_base64="T+FfJRROb3Cl0KEqrZ3CPYX/idQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4cci01U4XQsGNywq2FjpDyaSZNjSTCUlGKKW/4caFIm79GXf+jelDUNEDFw7n3Mu990SSM20Q+nByK6tr6xv5zcLW9s7uXnH/oK3TTBHaIilPVSfCmnImaMsww2lHKoqTiNO7aHQ18+/uqdIsFbdmLGmY4IFgMSPYWCkI5JDBS3gGA8l6xRJy63Wv6pchcs8vaj7yLEGVSs2vQs9Fc5TAEs1e8T3opyRLqDCEY627HpImnGBlGOF0WggyTSUmIzygXUsFTqgOJ/Obp/DEKn0Yp8qWMHCufp+Y4ETrcRLZzgSbof7tzcS/vG5mYj+cMCEzQwVZLIozDk0KZwHAPlOUGD62BBPF7K2QDLHCxNiYCjaEr0/h/6Rddr2KW76plhpwGUceHIFjcAo8UAMNcA2aoAUIkOABPIFnJ3MenRfnddGac5Yzh+AHnLdPxkuQxQ==</latexit>

✓ = 0
<latexit sha1_base64="+pJEhYemBjsoylEwJdXM5RqOcUQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoBeh4MVjBfuBbSib7aRdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QTaiFg94CQBP2JDJULBGVrpsYcjQEZvqNsvV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mF0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOnufDoQGjnJiCeNa2FspHzHNONqQSjYEb/nlVdKqVb2Lau3+slKneRxFckJOyTnxyBWpkzvSIE3CiSLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/P+OP3w==</latexit>

proton

Centauro
<latexit sha1_base64="aArSodrjxqcNviUBfUnihmt9lts=">AAAB+HicbVDLSgMxFM34rPXRUZduhhbBVZmpgi4L3bisYB/QDiWTZtrQTDIkN2Id+iVuXCji1k9x59+YtrPQ1gMXDufcm9x7opQzDb7/7Wxsbm3v7Bb2ivsHh0cl9/ikraVRhLaI5FJ1I6wpZ4K2gAGn3VRRnEScdqJJY+53HqjSTIp7mKY0TPBIsJgRDFYauKU+0EfIGlQANkrOBm7Fr/oLeOskyEkF5WgO3K/+UBKT2AcIx1r3Aj+FMMMKGOF0VuwbTVNMJnhEe5YKnFAdZovFZ965VYZeLJUtAd5C/T2R4UTraRLZzgTDWK96c/E/r2cgvgkzJlIDVJDlR7HhHkhvnoI3ZIoS4FNLMFHM7uqRMVaYgM2qaEMIVk9eJ+1aNbis1u6uKvVyHkcBnaEyukABukZ1dIuaqIUIMugZvaI358l5cd6dj2XrhpPPnKI/cD5/AHGak38=</latexit>

anti-kT (SI)
<latexit sha1_base64="BhVBW5fKbIUW9KRU6qbxEwJ+oM0=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAlCLAy7UdAyYKNdxLwgWZbZySQZMju7zNwVw5LGxl+xsVDE1n+w82+cPAqNHrhwOOde7r0niAXX4DhfVmZpeWV1Lbue29jc2t6xd/caOkoUZXUaiUi1AqKZ4JLVgYNgrVgxEgaCNYPh5cRv3jGleSRrMIqZF5K+5D1OCRjJtw87wO4hJRL4yRgP/RouzpTb6/GxbxeckjMF/kvcOSmgOaq+/dnpRjQJmQQqiNZt14nBS4kCTgUb5zqJZjGhQ9JnbUMlCZn20ukXY3xklC7uRcqUBDxVf06kJNR6FAamMyQw0IveRPzPayfQu/BSLuMEmKSzRb1EYIjwJBLc5YpRECNDCFXc3IrpgChCwQSXMyG4iy//JY1yyT0tlW/OCpX8PI4sOkB5VEQuOkcVdIWqqI4oekBP6AW9Wo/Ws/Vmvc9aM9Z8Zh/9gvXxDcSgl/0=</latexit>

anti-kT (LI)
<latexit sha1_base64="+udXylvXRe8pXarlzaQSIgPdj0Q=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAlCLAy7UdAyYKNgESEvSJZldjJJhszOLjN3xbCksfFXbCwUsfUf7PwbJ49CowcuHM65l3vvCWLBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM1geDnxm3dMaR7JGoxi5oWkL3mPUwJG8u3DDrB7SIkEfjLGQ7+GizPl5np87NsFp+RMgf8Sd04KaI6qb392uhFNQiaBCqJ123Vi8FKigFPBxrlOollM6JD0WdtQSUKmvXT6xRgfGaWLe5EyJQFP1Z8TKQm1HoWB6QwJDPSiNxH/89oJ9C68lMs4ASbpbFEvERgiPIkEd7liFMTIEEIVN7diOiCKUDDB5UwI7uLLf0mjXHJPS+Xbs0IlP48jiw5QHhWRi85RBV2hKqojih7QE3pBr9aj9Wy9We+z1ow1n9lHv2B9fAO575f2</latexit>

struck quark

[2006.10751]

dij = min(p2p
Ti , p2p

Tk ) fij(R) , diB = p2p
Ti

fLI
ij (R) =

(yi − yj)2 + (ϕi − ϕj)2

R2

e+e- spherically invariant [SI] measure:

fSI
ij (R) =

1 − cos θij

1 − cos R

⇡/2
<latexit sha1_base64="edgOKEg7/eVbIMqqSxqa/k4f0sk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8Xsov6/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQb5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zp3Vas/XFcbpIijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w8mT44k</latexit>
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⇡
<latexit sha1_base64="EGuXNweaF4LlNUlOXgYSJQV16Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlQbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD0bRja8=</latexit>

� = ⇡
<latexit sha1_base64="F4heqzS3Uvk6eDnIq2Uhok6/O4I=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZwT6wM5RMmmlDM0lIMkIZ+hduXCji1r9x59+YPhBtPXDhcM693HtPrDgz1ve/vJXVtfWNzcJWcXtnd2+/dHDYNDLThDaI5FK3Y2woZ4I2LLOctpWmOI05bcXDm4nfeqTaMCnu7UjRKMV9wRJGsHXSQ6gGDF2jULFuqexX/CnQDwkWSRnmqHdLn2FPkiylwhKOjekEvrJRjrVlhNNxMcwMVZgMcZ92HBU4pSbKpxeP0alTeiiR2pWwaKr+nshxaswojV1niu3ALHoT8T+vk9nkKsqZUJmlgswWJRlHVqLJ+6jHNCWWjxzBRDN3KyIDrDGxLqSiC2Hp5WXSrFaC80r17qJcQ/M4CnAMJ3AGAVxCDW6hDg0gIOAJXuDVM96z9+a9z1pXvPnMEfyB9/ENiGOQEA==</latexit>

� = �⇡
<latexit sha1_base64="T+FfJRROb3Cl0KEqrZ3CPYX/idQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4cci01U4XQsGNywq2FjpDyaSZNjSTCUlGKKW/4caFIm79GXf+jelDUNEDFw7n3Mu990SSM20Q+nByK6tr6xv5zcLW9s7uXnH/oK3TTBHaIilPVSfCmnImaMsww2lHKoqTiNO7aHQ18+/uqdIsFbdmLGmY4IFgMSPYWCkI5JDBS3gGA8l6xRJy63Wv6pchcs8vaj7yLEGVSs2vQs9Fc5TAEs1e8T3opyRLqDCEY627HpImnGBlGOF0WggyTSUmIzygXUsFTqgOJ/Obp/DEKn0Yp8qWMHCufp+Y4ETrcRLZzgSbof7tzcS/vG5mYj+cMCEzQwVZLIozDk0KZwHAPlOUGD62BBPF7K2QDLHCxNiYCjaEr0/h/6Rddr2KW76plhpwGUceHIFjcAo8UAMNcA2aoAUIkOABPIFnJ3MenRfnddGac5Yzh+AHnLdPxkuQxQ==</latexit>

✓ = 0
<latexit sha1_base64="+pJEhYemBjsoylEwJdXM5RqOcUQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoBeh4MVjBfuBbSib7aRdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QTaiFg94CQBP2JDJULBGVrpsYcjQEZvqNsvV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mF0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOnufDoQGjnJiCeNa2FspHzHNONqQSjYEb/nlVdKqVb2Lau3+slKneRxFckJOyTnxyBWpkzvSIE3CiSLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/P+OP3w==</latexit>

proton

Centauro
<latexit sha1_base64="aArSodrjxqcNviUBfUnihmt9lts=">AAAB+HicbVDLSgMxFM34rPXRUZduhhbBVZmpgi4L3bisYB/QDiWTZtrQTDIkN2Id+iVuXCji1k9x59+YtrPQ1gMXDufcm9x7opQzDb7/7Wxsbm3v7Bb2ivsHh0cl9/ikraVRhLaI5FJ1I6wpZ4K2gAGn3VRRnEScdqJJY+53HqjSTIp7mKY0TPBIsJgRDFYauKU+0EfIGlQANkrOBm7Fr/oLeOskyEkF5WgO3K/+UBKT2AcIx1r3Aj+FMMMKGOF0VuwbTVNMJnhEe5YKnFAdZovFZ965VYZeLJUtAd5C/T2R4UTraRLZzgTDWK96c/E/r2cgvgkzJlIDVJDlR7HhHkhvnoI3ZIoS4FNLMFHM7uqRMVaYgM2qaEMIVk9eJ+1aNbis1u6uKvVyHkcBnaEyukABukZ1dIuaqIUIMugZvaI358l5cd6dj2XrhpPPnKI/cD5/AHGak38=</latexit>

anti-kT (SI)
<latexit sha1_base64="BhVBW5fKbIUW9KRU6qbxEwJ+oM0=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAlCLAy7UdAyYKNdxLwgWZbZySQZMju7zNwVw5LGxl+xsVDE1n+w82+cPAqNHrhwOOde7r0niAXX4DhfVmZpeWV1Lbue29jc2t6xd/caOkoUZXUaiUi1AqKZ4JLVgYNgrVgxEgaCNYPh5cRv3jGleSRrMIqZF5K+5D1OCRjJtw87wO4hJRL4yRgP/RouzpTb6/GxbxeckjMF/kvcOSmgOaq+/dnpRjQJmQQqiNZt14nBS4kCTgUb5zqJZjGhQ9JnbUMlCZn20ukXY3xklC7uRcqUBDxVf06kJNR6FAamMyQw0IveRPzPayfQu/BSLuMEmKSzRb1EYIjwJBLc5YpRECNDCFXc3IrpgChCwQSXMyG4iy//JY1yyT0tlW/OCpX8PI4sOkB5VEQuOkcVdIWqqI4oekBP6AW9Wo/Ws/Vmvc9aM9Z8Zh/9gvXxDcSgl/0=</latexit>

anti-kT (LI)
<latexit sha1_base64="+udXylvXRe8pXarlzaQSIgPdj0Q=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAlCLAy7UdAyYKNgESEvSJZldjJJhszOLjN3xbCksfFXbCwUsfUf7PwbJ49CowcuHM65l3vvCWLBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM1geDnxm3dMaR7JGoxi5oWkL3mPUwJG8u3DDrB7SIkEfjLGQ7+GizPl5np87NsFp+RMgf8Sd04KaI6qb392uhFNQiaBCqJ123Vi8FKigFPBxrlOollM6JD0WdtQSUKmvXT6xRgfGaWLe5EyJQFP1Z8TKQm1HoWB6QwJDPSiNxH/89oJ9C68lMs4ASbpbFEvERgiPIkEd7liFMTIEEIVN7diOiCKUDDB5UwI7uLLf0mjXHJPS+Xbs0IlP48jiw5QHhWRi85RBV2hKqojih7QE3pBr9aj9Wy9We+z1ow1n9lHv2B9fAO575f2</latexit>

struck quark

Cannot reconstruct jet in struck quark 
direction y → − ∞

Not invariant along boosts



CENTAURO JET ALGORITHMS
Suited for DIS: Measure that mimics pp measure in p direction, 
e+e- measure in the e- direction, maintains boost invariance

⇡/2
<latexit sha1_base64="edgOKEg7/eVbIMqqSxqa/k4f0sk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qkkV9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8Xsov6/1K1a25c5BV4hWkCgWa/cpXb5CwLEZpmKBadz03NUFOleFM4LTcyzSmlI3pELuWShqjDvL5sVNybpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQb5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT9mG4C2/vEpa9Zp3Vas/XFcbpIijBKdwBhfgwQ004B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w8mT44k</latexit>

⇡/4
<latexit sha1_base64="1Xm5TQ2/XPs9azACsNfbr7vXODU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU01qQY8FLx4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Hd3O//cS1EYl6xEnKg5gOlYgEo2glv5eKq3q/XHGr7gJknXg5qUCOZr/81RskLIu5QiapMV3PTTGYUo2CST4r9TLDU8rGdMi7lioacxNMF8fOyIVVBiRKtC2FZKH+npjS2JhJHNrOmOLIrHpz8T+vm2F0G0yFSjPkii0XRZkkmJD552QgNGcoJ5ZQpoW9lbAR1ZShzadkQ/BWX14nrVrVu67WHuqVBsnjKMIZnMMleHADDbiHJvjAQMAzvMKbo5wX5935WLYWnHzmFP7A+fwBKVeOJg==</latexit>

3⇡/4
<latexit sha1_base64="uaJO6peb4WW47jvdQ3lIm1Jn/uc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91tC3osePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdeqDmF01huWKW3UXQOvEy0kFcrSG5a/BSJIkosIQjrXue25s/BQrwwin89Ig0TTGZIrHtG+pwBHVfrq4do4urDJCoVS2hEEL9fdEiiOtZ1FgOyNsJnrVy8T/vH5iwhs/ZSJODBVkuShMODISZa+jEVOUGD6zBBPF7K2ITLDCxNiASjYEb/XlddKpVb16tXbfqDRRHkcRzuAcLsGDa2jCHbSgDQQe4Rle4c2Rzovz7nwsWwtOPnMKf+B8/gCcjo5j</latexit>

⇡
<latexit sha1_base64="EGuXNweaF4LlNUlOXgYSJQV16Ac=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD/1EDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlQbJ4yjCGZzDJXhwDQ24gya0gMEInuEV3hzpvDjvzseyteDkM6fwB87nD0bRja8=</latexit>

� = ⇡
<latexit sha1_base64="F4heqzS3Uvk6eDnIq2Uhok6/O4I=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYouHFZwT6wM5RMmmlDM0lIMkIZ+hduXCji1r9x59+YPhBtPXDhcM693HtPrDgz1ve/vJXVtfWNzcJWcXtnd2+/dHDYNDLThDaI5FK3Y2woZ4I2LLOctpWmOI05bcXDm4nfeqTaMCnu7UjRKMV9wRJGsHXSQ6gGDF2jULFuqexX/CnQDwkWSRnmqHdLn2FPkiylwhKOjekEvrJRjrVlhNNxMcwMVZgMcZ92HBU4pSbKpxeP0alTeiiR2pWwaKr+nshxaswojV1niu3ALHoT8T+vk9nkKsqZUJmlgswWJRlHVqLJ+6jHNCWWjxzBRDN3KyIDrDGxLqSiC2Hp5WXSrFaC80r17qJcQ/M4CnAMJ3AGAVxCDW6hDg0gIOAJXuDVM96z9+a9z1pXvPnMEfyB9/ENiGOQEA==</latexit>

� = �⇡
<latexit sha1_base64="T+FfJRROb3Cl0KEqrZ3CPYX/idQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4cci01U4XQsGNywq2FjpDyaSZNjSTCUlGKKW/4caFIm79GXf+jelDUNEDFw7n3Mu990SSM20Q+nByK6tr6xv5zcLW9s7uXnH/oK3TTBHaIilPVSfCmnImaMsww2lHKoqTiNO7aHQ18+/uqdIsFbdmLGmY4IFgMSPYWCkI5JDBS3gGA8l6xRJy63Wv6pchcs8vaj7yLEGVSs2vQs9Fc5TAEs1e8T3opyRLqDCEY627HpImnGBlGOF0WggyTSUmIzygXUsFTqgOJ/Obp/DEKn0Yp8qWMHCufp+Y4ETrcRLZzgSbof7tzcS/vG5mYj+cMCEzQwVZLIozDk0KZwHAPlOUGD62BBPF7K2QDLHCxNiYCjaEr0/h/6Rddr2KW76plhpwGUceHIFjcAo8UAMNcA2aoAUIkOABPIFnJ3MenRfnddGac5Yzh+AHnLdPxkuQxQ==</latexit>

✓ = 0
<latexit sha1_base64="+pJEhYemBjsoylEwJdXM5RqOcUQ=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoBeh4MVjBfuBbSib7aRdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONYcmj2WsOwEzIIWCJgqU0Ek0sCiQ0A7GtzO//QTaiFg94CQBP2JDJULBGVrpsYcjQEZvqNsvV9yqOwddJV5OKiRHo1/+6g1inkagkEtmTNdzE/QzplFwCdNSLzWQMD5mQ+haqlgExs/mF0/pmVUGNIy1LYV0rv6eyFhkzCQKbGfEcGSWvZn4n9dNMbz2M6GSFEHxxaIwlRRjOnufDoQGjnJiCeNa2FspHzHNONqQSjYEb/nlVdKqVb2Lau3+slKneRxFckJOyTnxyBWpkzvSIE3CiSLP5JW8OcZ5cd6dj0VrwclnjskfOJ8/P+OP3w==</latexit>

proton

Centauro
<latexit sha1_base64="aArSodrjxqcNviUBfUnihmt9lts=">AAAB+HicbVDLSgMxFM34rPXRUZduhhbBVZmpgi4L3bisYB/QDiWTZtrQTDIkN2Id+iVuXCji1k9x59+YtrPQ1gMXDufcm9x7opQzDb7/7Wxsbm3v7Bb2ivsHh0cl9/ikraVRhLaI5FJ1I6wpZ4K2gAGn3VRRnEScdqJJY+53HqjSTIp7mKY0TPBIsJgRDFYauKU+0EfIGlQANkrOBm7Fr/oLeOskyEkF5WgO3K/+UBKT2AcIx1r3Aj+FMMMKGOF0VuwbTVNMJnhEe5YKnFAdZovFZ965VYZeLJUtAd5C/T2R4UTraRLZzgTDWK96c/E/r2cgvgkzJlIDVJDlR7HhHkhvnoI3ZIoS4FNLMFHM7uqRMVaYgM2qaEMIVk9eJ+1aNbis1u6uKvVyHkcBnaEyukABukZ1dIuaqIUIMugZvaI358l5cd6dj2XrhpPPnKI/cD5/AHGak38=</latexit>

anti-kT (SI)
<latexit sha1_base64="BhVBW5fKbIUW9KRU6qbxEwJ+oM0=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAlCLAy7UdAyYKNdxLwgWZbZySQZMju7zNwVw5LGxl+xsVDE1n+w82+cPAqNHrhwOOde7r0niAXX4DhfVmZpeWV1Lbue29jc2t6xd/caOkoUZXUaiUi1AqKZ4JLVgYNgrVgxEgaCNYPh5cRv3jGleSRrMIqZF5K+5D1OCRjJtw87wO4hJRL4yRgP/RouzpTb6/GxbxeckjMF/kvcOSmgOaq+/dnpRjQJmQQqiNZt14nBS4kCTgUb5zqJZjGhQ9JnbUMlCZn20ukXY3xklC7uRcqUBDxVf06kJNR6FAamMyQw0IveRPzPayfQu/BSLuMEmKSzRb1EYIjwJBLc5YpRECNDCFXc3IrpgChCwQSXMyG4iy//JY1yyT0tlW/OCpX8PI4sOkB5VEQuOkcVdIWqqI4oekBP6AW9Wo/Ws/Vmvc9aM9Z8Zh/9gvXxDcSgl/0=</latexit>

anti-kT (LI)
<latexit sha1_base64="+udXylvXRe8pXarlzaQSIgPdj0Q=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAlCLAy7UdAyYKNgESEvSJZldjJJhszOLjN3xbCksfFXbCwUsfUf7PwbJ49CowcuHM65l3vvCWLBNTjOl5VZWl5ZXcuu5zY2t7Z37N29ho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM1geDnxm3dMaR7JGoxi5oWkL3mPUwJG8u3DDrB7SIkEfjLGQ7+GizPl5np87NsFp+RMgf8Sd04KaI6qb392uhFNQiaBCqJ123Vi8FKigFPBxrlOollM6JD0WdtQSUKmvXT6xRgfGaWLe5EyJQFP1Z8TKQm1HoWB6QwJDPSiNxH/89oJ9C68lMs4ASbpbFEvERgiPIkEd7liFMTIEEIVN7diOiCKUDDB5UwI7uLLf0mjXHJPS+Xbs0IlP48jiw5QHhWRi85RBV2hKqojih7QE3pBr9aj9Wy9We+z1ow1n9lHv2B9fAO575f2</latexit>

struck quark

f Cent
ij (R) =

(η̄i − η̄j)2 + 2η̄iη̄j(1 − cos Δϕij)
R2

1 − cos θij ≃
1
2

(θi − θj)2 + θ̄iθ̄j(1 − cos Δϕij)

In backward limit:

θ̄ ≡ π − θ

η̄i ≡
2pi

⊥

n̄ ⋅ pi

[2006.10751]



JET REGIONS BY REWEIGHTING
Second way, reweight 1-jettiness definition to make jettiness regions mimic jet regions:


Has been explored:


Soft functions for generalized  
N-jettiness:

XCone jet algorithms:


XCone default measure:
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[1102.4344] 
[1704.08262]

𝒯N = ∑
i

min{ρjet(pi, n1), …, ρjet(pi, nN), ρbeam(pi)}

ρjet(pi, nA) =
2 cosh yA

R2
nA ⋅ pi , ρbeam(pi) = pTi

[1508.01516]



CENTAURIC 1-JETTINESS
1-jettiness weights:


Condition for Centauro jet boundary:

τJ
1 =

2
Q2 {∑

i∈J

qJ ⋅ pi + ∑
i∉J

qB ⋅ pi}
= ∑

i∈X

min{ nB ⋅ pi

QB
,

nJ ⋅ pi

QJ }
qμ

B = ωB
nμ

B

2
, qμ

J = ωJ
nμ

J

2

for some ?  QB,J

QB,J =
Q2

ωB,J

.

.
ωJ

ωB
=

QB

QJ
=

4
R2 cos2(θJ /2)

,



HYBRID CENTAURIC 1-JETTINESS
I: For jet selection, use the weights: 
(assign particles to jets minimizing this )


II: For computing the actual value of the 1-jettiness:


Doesn’t matter for small ,  
but we wanted to make nice plots for you for all 

τ1

τ
τ

QB = Q , QJ =
QR2 cos2(θJ /2)

4

QB =
Q

cos2(θJ /2)
, QJ =

QR2

4



FACTORIZATION FOR τC
1

Similar to hemisphere DIS 1-jettiness, valid for large enough R

u

ud

u

ud

µ ⌫

x 0
u

ud

u
ud

x 0

beam function

jet function soft function

[1303.6952]

σ(τC
1 ) = σsing(τC

1 ) + σns(τC
1 )

dσsing

dτC
1

= σ0 ∑
q

Hq(y, Q2, μ)∫ dtJ dtB dkS δ(τC
1 −

tJ
sJ

−
tB
sB

−
kS

QR
)Shemi(kS, μ)Jq(tJ, μ)Bq(tB, x, μ)

 get from NLOJet++  σns
(θJ ≪ 1)



FACTORIZATION FOR τC
1

Relate to usual beam, jet and hemisphere soft functions by rescaling with Lorentz invariants:

[1303.6952]
dσsing

dτC
1

= σ0 ∑
q

Hq(y, Q2, μ)∫ dtJ dtB dkS δ(τC
1 −

tJ
sJ

−
tB
sB

−
kS

QR
)Shemi(kS, μ)Jq(tJ, μ)Bq(tB, x, μ)

sB = −
qJ ⋅ q
qJ ⋅ qB

Q2

sJ =
qB ⋅ q
qJ ⋅ qB

Q2

QR =
Q2

2qJ ⋅ qB

Hemisphere τa,b
1 Centauro τC

1

sB = Q2 sB =
Q2

cos2(θJ /2)
→ Q2

sJ =
Q2R2

4

QR =
QR

2 cos(θJ /2)
→

QR
2

sJ = Q2

QR = Q



NONPERTURBATIVE CORRECTIONS TO τC
1

Soft function for J, B regions: 

Weighting factor for algorithms:

S(kJ, kB, μ) =
1

NC
Tr⟨0|Y†

nYn̄δ(kJ − ∫ drdydϕ fJ
alg(r, y, ϕ)ℰ̂T(r, y, ϕ))δ(kB − ∫ drdydϕ fB

alg(r, y, ϕ)ℰ̂T(r, y, ϕ))Y†
n̄Yn|0⟩

ℰ̂T(r, y, ϕ)|Xs⟩ = ∑
i∈Xs

mTiδ(r − ri)δ(y − yi)δ(ϕ − ϕi)|Xs⟩

mTi = p2
⊥ + m2 , r = p⊥/m⊥

fJ
alg(r, y, ϕ) = Θalg(r, y, ϕ)f̃J(r, y, ϕ)

fB
alg(r, y, ϕ) = [1 − Θalg(r, y, ϕ)] f̃B(r, y, ϕ)

f̃J(r, y, ϕ) = f̃J(y) = ey

f̃B(r, y, ϕ) = f̃B(y) = e−y

For measurement of the 1-jettiness / thrust:

For soft phase space with Centauro alg.:

.

. Θalg(r, y, ϕ) = ΘCent(y) = Θ(ln
R
2

− y)
.

t̂

δηδvÊT (r, y)

η(r, y)
v(r, y)

[1209.3781]



NONPERTURBATIVE CORRECTIONS TO τC
1

Soft function for J, B regions:


Centauro:

S(kJ, kB, μ) = δ(kJ)δ(kB) + δ′￼(kJ)δ(kB)ΩJ
alg + δ(kJ)δ′￼(kB)ΩB

alg + ⋯

ΩJ,B
alg = ∫ drdydϕfJ,B

alg (r, y, ϕ)
1

NC
Tr⟨0|Y†

nYn̄ℰ̂T(r, y, ϕ)Y†
n̄Yn|0⟩

“Type II” τC
1 :

ΩJ,B
Cent = CJ,B

Cent(R)ΩJ−scheme
1 ΩJ−scheme

1 =
1

NC
Tr⟨0|Y†

nYn̄ℰ̂T(y = 0)Y†
n̄Yn|0⟩

.

. CJ
Cent(R) =

R
2

, CB
Cent(R) =

2
R.

.

. Δτc
1 =

1
QJ

ΩJ
Cent +

1
QB

ΩB
Cent =

4
QR

ΩJ−scheme
1

.

QJ =
QR2

4
, QB = Q

Exact in R!

(also follows directly from 
reweighted def of )τC

1



THEORETICAL PREDICTIONS
N3LL resummed +  fixed-order matched,  
convolved with shape function with Rgap renormalon subtractions


Plots for kinematics at HERA: 

Default values 

𝒪(α2
s )

s = 319 GeV , Q = 50 GeV , x = 0.05

αs(MZ) = 0.118 , Ω1(RΔ, μΔ) − Δ0 = 500 MeV

RΔ = μΔ = 2 GeV , Δ0 = 50 MeV



R=2.0



R=1.9



R=1.8



R=1.7



R=1.6



R=1.5



R=1.4



R=1.3



R=1.2



R=1.1



R=1.0



R=0.9



R=0.8



R=0.7



R=0.6



R=0.5



NONPERTURBATIVE SHIFT FROM PYTHIA
Test effect of hadronization model in Pythia:



R DEPENDENCE OF SHIFT
Perform fit for shift by RMS minimization:

dσ
dτC

1
(τC

1 ) →
dσ
dτC

1
(τC

1 − Δτ)

Δτ =
4
R

Ω1

Q



R DEPENDENCE OF SHIFT
Q = 50 GeV,  x = 0.05



R DEPENDENCE OF SHIFT
Q = 20 GeV,  x = 0.05



R DEPENDENCE OF SHIFT
Q = 50 GeV,  x = 0.25



SYMBOLIC REGRESSION FOR FUNCTIONAL FORM
Let Symbolic Regression learn the functional form of : PYSR library


Minimize the Loss Function


while limiting complexity for 

Δτ(R)

Δ(τ, R)

ℒbest−fit =
1
N

||σPT(τ + Δ(τ, R), R) − σ(τ, R)||2

Learn and evolve:

[from A. Dotson]



SYMBOLIC REGRESSION FOR FUNCTIONAL FORM
Learn cross section: Learn shift:



SYMBOLIC REGRESSION FOR FUNCTIONAL FORM
Impose Δ = Δ(R) Allow Δ = Δ(τ, R)

Δτ ∼
0.05

R
=

4Ω1

QR
⇒ Ω1 ∼ 600 MeV



CONCLUSIONS & FUTURE DIRECTIONS
Possibility to use R in a Centauric event shape to disentangle perturbative and 
nonperturbative contributions in QCD


Have theoretical ingredients for high accuracy


Experimental measurements from HERA and in future from EIC would be nice


Resummation of logs of R will help extend applicability to smaller R


Fun laboratory for ML techniques



BACKUPS



OTHER ALGORITHMS
Spherically invariant (SI) anti-

replace: 
 
 

Longitudinally invariant (LI) anti-

Have to take small R limit and neglect hadron masses:

kT

kT

fSI
ij (R) =

1 − cos θij

1 − cos R
⇒

1 − (cos Δϕij)/(cosh yi cosh yj) − tanh yi tanh yj

1 − cos R

ΘJ−SI(r, y, ϕ) = Θ(ln tan
R
2

− y) ⇒ ΩJ,B
J−SI = CJ,B

J−SI(R)ΩJ−scheme
1

CJ
J−SI(R) = tan

R
2

, CB
J−SI(R) = cot

R
2

CJ
LI(R) = R 1 − y , CB

LI(R) =
1

R 1 − y
+ 𝒪(R3) + masses



PP JET MASS
Compare to NP corrections to  in m2

J pp → J + X

Ωpp(1)
q = Ωep

1

Boost

YJ YJ

�2

Rotate 
coordinate 

system

jet boundary

Dependence on Jet Radius R

�2

Ya(0, 0)

Yb(0,⇡)
Yb(ln

R
2 ,⇡)

Ya(ln
R
2 , 0)

Factorization for Jet Mass

Boost+Rotation

�1

YJ(yJ ,�J) YJ(0, 0)

Ya YaYbYb

[1405.6722]
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 DEPENDENCE OF FOUND JET AXISθ
Factorization required  of found jet axis to be smallθJ

θJ

nJ

nB

−p⊥

s = 319 GeV , Q = 50 GeV , x = 0.05



PERTURBATIVE SCALES
Natural scales to minimize logs:


These do not meet at a common scale as   
(signal of R resummation needed for small R)


To facilitate fixed-order matching, we revert to


And incorporate R dependence into transition parameters so regions track R dependence of :

τC
1 → τC,max

1 ∼ 1

τC,max
1

μH ∼ Q , μB ∼ Q τC
1 , μJ ∼

QR
2

τC
1 , μS ∼

QR
2

τC
1

μH ∼ Q , μB,J ∼ Q τC
1 , μS ∼ QτC

1

μ = Q, μ0 = 1.1 GeV, r = 1,

t3 = 0.35 2/R, t2 = 0.25 2/R,

t1 = min { 2
R

4 GeV
Q

,0.6t2}, t0 = min { 2
R

1 GeV
Q

,0.6t1} .
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PROFILE FUNCTIONS
Adjust to make scales merge for large  to match to fixed-order resultτ



PROFILE FUNCTIONS
Adjust to make scales merge for large  to match to fixed-order resultτ
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PILEUP OF EVENTS AT τC, max
1

 with choice I weights pile events up at  at LO, leads to discontinuity in 
differential cross section. Choice II smooths this out.
τC

1 τC ,max
1 = 0.5

pμ
1 = Q(1 − v)

nμ

2
+ Q

1 − z
z

v
n̄μ

2
− pμ

⊥

pμ
2 = Qv

nμ

2
+ Q

1 − z
z

(1 − v)
n̄μ

2
+ pμ

⊥


