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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
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nµ = (1, 0, 0,+1)
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Pµ =
Q

2xB
nµ
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qµ =
Q

2
(nµ � n̄µ)

<latexit sha1_base64="LAfeNLHNONvd8YJg2cy4vEg5cW4=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoC8tMFXQjFN24bME+oFNLJs20oZnMmGSEEuY73Pgrblwo4k7c+Dem7Sy09cCFk3PuJfceP2ZUKsf5tnJLyyura/n1wsbm1vaOvbvXlFEiMGngiEWi7SNJGOWkoahipB0LgkKfkZY/up74rQciJI34rRrHpBuiAacBxUgZqWe793faC5MUXkIvEAjreqorMIUlnukn0POR0DzN3sc9u+iUnSngInEzUgQZaj370+tHOAkJV5ghKTuuE6uuRkJRzEha8BJJYoRHaEA6hnIUEtnV09NSeGSUPgwiYYorOFV/T2gUSjkOfdMZIjWU895E/M/rJCq46GrK40QRjmcfBQmDKoKTnGCfCoIVGxuCsKBmV4iHyCSkTJoFE4I7f/IiaVbK7mm5Uj8rVq+yOPLgAByCEnDBOaiCG1ADDYDBI3gGr+DNerJerHfrY9aas7KZffAH1tcP9Z6gMQ==</latexit>

pµ = qµ + xPµ =
Q
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n̄µ

<latexit sha1_base64="UkV7JtfA+oJD93dN2mLEOhGl6VY=">AAACIXicbZDLSgMxFIYzXmu9VV26CRZBEMpMFexGKLpx2YK9QGcsmTTThmYyY5IRS5hXceOruHGhSHfiy5i2g2jrgcDH/5/Dyfn9mFGpbPvTWlpeWV1bz23kN7e2d3YLe/tNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafnD64nfeiBC0ojfqlFMvBD1OQ0oRspI3UIlvtNumKTwEt5ndAofYe1HdQOBsK6nupy6PhKapzOrWyjaJXtacBGcDIogq1q3MHZ7EU5CwhVmSMqOY8fK00goihlJ824iSYzwEPVJxyBHIZGenl6YwmOj9GAQCfO4glP194RGoZSj0DedIVIDOe9NxP+8TqKCiqcpjxNFOJ4tChIGVQQnccEeFQQrNjKAsKDmrxAPkIlEmVDzJgRn/uRFaJZLzlmpXD8vVq+yOHLgEByBE+CAC1AFN6AGGgCDJ/AC3sC79Wy9Wh/WeNa6ZGUzB+BPWV/fdP2jvw==</latexit>

Proton Photon

Struck quark

Hadronization of the struck quark will generate a jet close  
to the (anti-)beam axis. These configurations are the majority  
of the events and offer vast range of applications. The jets  
found away from beam remnant provide “clean” jets similar  

to those found in lepton-lepton colliders (but with dynamical Q). 



TMDs 
•unpolarized TMDs 
•Sivers (quark) 
•Hadron-in-jet

The backward jet
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} Target Fragmentation  +  Beam remnant 

Current fragmentation

Jet observables 
•Energy (fraction) distributions 
•Hadron-in-jet  
•Jet substructure (e.t.c. Angularities)

Event shapes (in BF) 
•1-jettiness  
•Angularities  
•Broadening

The only frame for which  
TMDPDFs are universal to  
conventional TMDs.  

(i.e., the soft function involves 
Wilson-lines in the back-to-back 

direction)

pjet
<latexit sha1_base64="nktXF2UHrsaxXrl07CyeO7KNTI0=">AAAB9XicbVBNS8NAEN34WetX1aOXYBE8laQKeix68VjBfkAby2Y7adduNmF3opaQ/+HFgyJe/S/e/Ddu2xy09cHA470ZZub5seAaHefbWlpeWV1bL2wUN7e2d3ZLe/tNHSWKQYNFIlJtn2oQXEIDOQpoxwpo6Ato+aOrid96AKV5JG9xHIMX0oHkAWcUjXQX99IuwhOm94BZ1iuVnYozhb1I3JyUSY56r/TV7UcsCUEiE1TrjuvE6KVUIWcCsmI30RBTNqID6BgqaQjaS6dXZ/axUfp2EClTEu2p+nsipaHW49A3nSHFoZ73JuJ/XifB4MJLuYwTBMlmi4JE2BjZkwjsPlfAUIwNoUxxc6vNhlRRhiaoognBnX95kTSrFfe0Ur05K9cu8zgK5JAckRPiknNSI9ekThqEEUWeySt5sx6tF+vd+pi1Lln5zAH5A+vzB4Zsky0=</latexit>

P
<latexit sha1_base64="bzZbWfGTwOVHfOXRUHQsbNaA++g=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy5bsA9oB8mkd9rYTGZIMkIZ+gVuXCji1k9y59+YtrPQ1gOBwznnkntPkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4duZ3nlBpHst7M0nQj+hQ8pAzaqzUbDyUK27VnYOsEi8nFchh81/9QczSCKVhgmrd89zE+BlVhjOB01I/1ZhQNqZD7FkqaYTaz+aLTsmZVQYkjJV90pC5+nsio5HWkyiwyYiakV72ZuJ/Xi814bWfcZmkBiVbfBSmgpiYzK4mA66QGTGxhDLF7a6EjaiizNhuSrYEb/nkVdKuVb2Laq15Wanf5HUU4QRO4Rw8uII63EEDWsAA4Rle4c15dF6cd+djES04+cwx/IHz+QOq54zY</latexit>



Longitudinally invariant algorithms
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kT-type jet algorithms (and particularly anti-kT) dominate the  
hadronic physics market. Are well known and well behaved algorithms in the LAB frame.

However, in Breit Frame since they cluster in the y -φ space,  
they fail to capture hadrons in the very backward direction, where we are looking for one.

⇡/2
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✓ = 0
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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

Each color a  
different jet ! 
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dij = min(E2p
i , E2p

j )
1� cos ✓ij
1� cosR

<latexit sha1_base64="lzLAZqg2bKpBfcTlN26Ne5sAUcs="></latexit>

diB = E2p
i

<latexit sha1_base64="5OGQTIw5lxvcmvrBvWga6Fjor+k=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmqoBuhVASXFewD2hgmk2k7dPJgZqKUmE9x40IRt36JO//GaZuFth64cDjnXu69x4s5k8qyvo3Cyura+kZxs7S1vbO7Z5b32zJKBKEtEvFIdD0sKWchbSmmOO3GguLA47Tjja+mfueBCsmi8E5NYuoEeBiyASNYack1y76bskaGLtG1y+7TWpy5ZsWqWjOgZWLnpAI5mq751fcjkgQ0VIRjKXu2FSsnxUIxwmlW6ieSxpiM8ZD2NA1xQKWTzk7P0LFWfDSIhK5QoZn6eyLFgZSTwNOdAVYjuehNxf+8XqIGF07KwjhRNCTzRYOEIxWhaQ7IZ4ISxSeaYCKYvhWRERaYKJ1WSYdgL768TNq1qn1ard2eVeqNPI4iHMIRnIAN51CHG2hCCwg8wjO8wpvxZLwY78bHvLVg5DMH8AfG5w8bwZNB</latexit>

dij =
h
(�fij)

2 + 2fifj(1� cos��ij)
i
/R2

<latexit sha1_base64="s+6d55B8xyz5u8Bd1AD7V3reyvM="></latexit>

f(x) = x+O(x2)
<latexit sha1_base64="wurcSadEWjWrZlej1dEzAMJhPio=">AAACA3icbVDLSgNBEOz1GeNr1ZteBoOQIITdKOhFCHrxZgTzgGQNs5PZZMjsg5lZSVgCXvwVLx4U8epPePNvnE1y0MSChqKqm+4uN+JMKsv6NhYWl5ZXVjNr2fWNza1tc2e3JsNYEFolIQ9Fw8WSchbQqmKK00YkKPZdTutu/yr16w9USBYGd2oYUcfH3YB5jGClpba57+UHBXSBBseo5WPVI5gnN6P84L5UaJs5q2iNgeaJPSU5mKLSNr9anZDEPg0U4VjKpm1FykmwUIxwOsq2YkkjTPq4S5uaBtin0knGP4zQkVY6yAuFrkChsfp7IsG+lEPf1Z3pnXLWS8X/vGasvHMnYUEUKxqQySIv5kiFKA0EdZigRPGhJpgIpm9FpIcFJkrHltUh2LMvz5NaqWifFEu3p7ny5TSODBzAIeTBhjMowzVUoAoEHuEZXuHNeDJejHfjY9K6YExn9uAPjM8fM2eV+A==</latexit>

⌘̄i = � 2Q

n̄ · q
p?i
n · pi

<latexit sha1_base64="FjajIVyPtfEaJIuFJZHL+33HL6k="></latexit>

p = �1
<latexit sha1_base64="dFLlSL5K0kmGVl/91w1ziFnbdu4=">AAAB7XicbVBNSwMxEJ2tX7V+rXr0EiyCF8tuFfQiFL14rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NQyVYQ2iORStUOsKWeCNgwznLYTRXEcctoKR7dTv/VElWZSPJhxQoMYDwSLGMHGSs0EXaMzv+eWvYo3A1omfk7KkKPec7+6fUnSmApDONa643uJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BdfXibNasU/r1TvL8q1mzyOIhzBMZyCD5dQgzuoQwMIPMIzvMKbI50X5935mLcWnHzmEP7A+fwB482OBQ==</latexit>

Similar algorithm for DIS by: 
S. Catani, Y. L. Dokshitzer, and B. Webber,  (1992) 

⌘̄i(BF) = 2p?i /p
+
i

<latexit sha1_base64="kJOd5gdccGWY7AlybyC+54m5Wqg=">AAACG3icbVDLSgNBEJyN7/iKevQyGISIEHejoBdBFMSjgtFANi6zk04cnN0dZnrFsOx/ePFXvHhQxJPgwb9x8jj4KmioqepmuitUUhh03U+nMDY+MTk1PVOcnZtfWCwtLV+YJNUc6jyRiW6EzIAUMdRRoISG0sCiUMJleHPU9y9vQRuRxOfYU9CKWDcWHcEZWiko1fyQ6cwHZHkgaMVHuMPs8DjfoPu0RlWQifwq8xVolW8NX5tBqexW3QHoX+KNSJmMcBqU3v12wtMIYuSSGdP0XIWtjGkUXEJe9FMDivEb1oWmpTGLwLSywW05XbdKm3YSbStGOlC/T2QsMqYXhbYzYnhtfnt98T+vmWJnr5WJWKUIMR9+1EklxYT2g6JtoYGj7FnCuBZ2V8qvmWYcbZxFG4L3++S/5KJW9bartbOd8sHhKI5pskrWSIV4ZJcckBNySuqEk3vySJ7Ji/PgPDmvztuwteCMZlbIDzgfXz4xoOw=</latexit>

Asymmetric measure is necessary  Here we use:

Longitudinally invariant Spherically invariant 
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⇡/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

Longitudinally invariant  
Asymmetric 

Longitudinally invariant  
Symmetric

Spherically invariant  
Symmetric
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R0 = 0.8
<latexit sha1_base64="QjSSrnR079xUL7JbDFkcp4KC1JQ=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WnarYC9C0YvHKvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8b2dldW19Y7OwVdze2d3bLx0cNnWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKRzdTv/VElWaxfDDjhAYCDySLGMHGSo/3PQ9dIc+t9kplz/VmQMvEz0kZctR7pa9uPyapoNIQjrXu+F5iggwrwwink2I31TTBZIQHtGOpxILqIJsdPEGnVumjKFa2pEEz9fdEhoXWYxHaToHNUC96U/E/r5OaqBpkTCapoZLMF0UpRyZG0+9RnylKDB9bgoli9lZEhlhhYmxGRRuCv/jyMmlWXP/crdxdlGvXeRwFOIYTOAMfLqEGt1CHBhAQ8Ayv8OYo58V5dz7mrStOPnMEf+B8/gBX1o7M</latexit>

zjet =
P · pjet
P · q

<latexit sha1_base64="2AiHCt5z5uwOO44hDWuijycN87w=">AAACIXicbVDJSgNBEO1xjXGLevTSGARPYSYK5iIEvXiMYBbIhNDTqTGtPYvdNWIc5le8+CtePCiSm/gzdpaDMT4oeLxXRVU9L5ZCo21/WQuLS8srq7m1/PrG5tZ2YWe3oaNEcajzSEaq5TENUoRQR4ESWrECFngSmt7dxchvPoDSIgqvcRBDJ2A3ofAFZ2ikbqHy1E1dhEdMbwGzjJ5R11eMpzWX9yKk8YybpTU60e+zbqFol+wx6DxxpqRIpqh1C0O3F/EkgBC5ZFq3HTvGTsoUCi4hy7uJhpjxO3YDbUNDFoDupOMPM3polB71I2UqRDpWf0+kLNB6EHimM2DY13+9kfif107Qr3RSEcYJQsgni/xEUozoKC7aEwo4yoEhjCthbqW8z0xCaELNmxCcvy/Pk0a55ByXylcnxer5NI4c2ScH5Ig45JRUySWpkTrh5Jm8knfyYb1Yb9anNZy0LljTmT0yA+v7B7MRpRE=</latexit>

zjet(Breit frame) = p+/Q
<latexit sha1_base64="Asq43LFwWtPu/dPHln6G2UHCJM4=">AAACFnicbVDLSgNBEJz1bXytevQyGISIGHdV0IsQ4sWjgkmEJIbZSa+OmX0w0yvGZb/Ci7/ixYMiXsWbf+PkcdBowUB1VTc9XV4shUbH+bLGxicmp6ZnZnNz8wuLS/bySlVHieJQ4ZGM1IXHNEgRQgUFSriIFbDAk1DzOsc9v3YLSosoPMduDM2AXYXCF5yhkVr29n0rbSDcYXoDmGW0MCjKCgRSX7EAsk16ROPLdCvbOWvZeafo9EH/EndI8mSI05b92WhHPAkgRC6Z1nXXibGZMoWCS8hyjURDzHiHXUHd0NDs0820f1ZGN4zSpn6kzAuR9tWfEykLtO4GnukMGF7rUa8n/ufVE/QPm6kI4wQh5INFfiIpRrSXEW0LBRxl1xDGlTB/pfyaKcbRJJkzIbijJ/8l1d2iu1fcPdvPl8rDOGbIGlknBeKSA1IiJ+SUVAgnD+SJvJBX69F6tt6s90HrmDWcWSW/YH18AwOHnzc=</latexit>

zjet > 0
<latexit sha1_base64="jpFPNbqi9jjOaH9ky8rCiWvUWD8=">AAAB+3icbVDJSgNBEO1xjXGL8eilMQiewkwU9CRBLx4jmAWSYejpVJI2PQvdNZI4zK948aCIV3/Em39jZzlo4oOCx3tVVNXzYyk02va3tbK6tr6xmdvKb+/s7u0XDooNHSWKQ51HMlItn2mQIoQ6CpTQihWwwJfQ9Ic3E7/5CEqLKLzHcQxuwPqh6AnO0EheofjkpR2EEaYPgFlGr6jtFUp22Z6CLhNnTkpkjppX+Op0I54EECKXTOu2Y8fopkyh4BKyfCfREDM+ZH1oGxqyALSbTm/P6IlRurQXKVMh0qn6eyJlgdbjwDedAcOBXvQm4n9eO8HepZuKME4QQj5b1EskxYhOgqBdoYCjHBvCuBLmVsoHTDGOJq68CcFZfHmZNCpl56xcuTsvVa/nceTIETkmp8QhF6RKbkmN1AknI/JMXsmblVkv1rv1MWtdseYzh+QPrM8fw7KUPg==</latexit>
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<latexit sha1_base64="Y01YmVaNhPUrR1Yveio+zkjEchU=">AAACFXicbVA9SwNBEN3z2/h1ammzGAQLCXdR0EYI2lgqmETIhWNvM4lr9vaO3TkxOfInbPwrNhaK2Ap2/hs3MYVGHww83pthZl6USmHQ8z6dqemZ2bn5hcXC0vLK6pq7vlEzSaY5VHkiE30VMQNSKKiiQAlXqQYWRxLqUfd06NdvQRuRqEvspdCMWUeJtuAMrRS6e/0wDxDuML8BHAzoMQ1MFoe5CISiP41+KGjoFr2SNwL9S/wxKZIxzkP3I2glPItBIZfMmIbvpdjMmUbBJQwKQWYgZbzLOtCwVLEYTDMffTWgO1Zp0XaibSmkI/XnRM5iY3pxZDtjhtdm0huK/3mNDNtHzVyoNENQ/HtRO5MUEzqMiLaEBo6yZwnjWthbKb9mmnG0QRZsCP7ky39JrVzy90vli4Ni5WQcxwLZIttkl/jkkFTIGTknVcLJPXkkz+TFeXCenFfn7bt1yhnPbJJfcN6/AJvXn7M=</latexit>
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<latexit sha1_base64="fjS5xZAuGZl/k7+3Y2CfQXKPWvQ=">AAACRHicbVDLSgMxFM3UV62vUZdugkVwVWZU0I1QdOOygq1Cp5RMequxmcyY3CnWYT7OjR/gzi9w40IRt2L6WPi6EDg5jzxOmEhh0POenMLU9MzsXHG+tLC4tLzirq41TJxqDnUey1hfhMyAFArqKFDCRaKBRaGE87B3PNTP+6CNiNUZDhJoRexSia7gDC3VdpuBSaN2FiDcYnYNmNNAKDreQh8U5jm9+67nlAYSbug4J/51C2s6pH7bLXsVbzT0L/AnoEwmU2u7j0En5mlkD+KSGdP0vQRbGdMouIS8FKQGEsZ77BKaFioWgWlloxJyumWZDu3G2i6FdMR+T2QsMmYQhdYZMbwyv7Uh+Z/WTLF70MqESlIExccXdVNJMabDRmlHaOAoBxYwroV9K+VXTDOOtveSLcH//eW/oLFT8XcrO6d75erRpI4i2SCbZJv4ZJ9UyQmpkTrh5J48k1fy5jw4L8678zG2FpxJZp38GOfzCxdQs8E=</latexit>

zjet  1
<latexit sha1_base64="B5OkMMSYwwRZgRtl/N38ny6aguY=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsJMFPQY9OIxglkgE4aeTiVp07PYXSPGMQd/xYsHRbz6G978GzvLQRMfFDzeq6Kqnh9LodG2v63MwuLS8kp2Nbe2vrG5ld/eqekoURyqPJKRavhMgxQhVFGghEasgAW+hLrfvxj59TtQWkThNQ5iaAWsG4qO4AyN5OX3HrzURbjH9AZwOKTUlXBLHS9fsIv2GHSeOFNSIFNUvPyX2454EkCIXDKtm44dYytlCgWXMMy5iYaY8T7rQtPQkAWgW+n4/iE9NEqbdiJlKkQ6Vn9PpCzQehD4pjNg2NOz3kj8z2sm2DlrpSKME4SQTxZ1EkkxoqMwaFso4CgHhjCuhLmV8h5TjKOJLGdCcGZfnie1UtE5LpauTgrl82kcWbJPDsgRccgpKZNLUiFVwskjeSav5M16sl6sd+tj0pqxpjO75A+szx+/CJXn</latexit>
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R = R0
<latexit sha1_base64="YyKntF4Mfc11rEe2PFlqj9BNuZg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBb0IRS8ea7Ef0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3GNWr03X6x5JbdOdAq8TJSggz1fvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqpS9i3Llvlqq3WRx5OEETuEcPLiEGtxBHZpA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPTI2OSg==</latexit>
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<latexit sha1_base64="AtlkIlkKivmN5MsrGiw7xrPEjyE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWpgm6EohuXtdhWaEKYTCft0MmDmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuZd77/ETzqSyrG+jtLS8srpWXq9sbG5t75i7ex0Zp4LQNol5LO59LClnEW0rpji9TwTFoc9p1x9dT/zuAxWSxdGdGifUDfEgYgEjWGnJMw9al6jlWcgJBCaZk7A8q+eeWbVq1hRokdgFqUKBpmd+Of2YpCGNFOFYyp5tJcrNsFCMcJpXnFTSBJMRHtCephEOqXSz6fU5OtZKHwWx0BUpNFV/T2Q4lHIc+rozxGoo572J+J/XS1Vw4WYsSlJFIzJbFKQcqRhNokB9JihRfKwJJoLpWxEZYp2D0oFVdAj2/MuLpFOv2ae1+u1ZtXFVxFGGQziCE7DhHBpwA01oA4FHeIZXeDOejBfj3fiYtZaMYmYf/sD4/AE+l5R2</latexit>
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<latexit sha1_base64="YyKntF4Mfc11rEe2PFlqj9BNuZg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBb0IRS8ea7Ef0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxrczv/1ElWZSPJhJTP0IDwULGcHGSq3GNWr03X6x5JbdOdAq8TJSggz1fvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqpS9i3Llvlqq3WRx5OEETuEcPLiEGtxBHZpA4BGe4RXeHOm8OO/Ox6I152Qzx/AHzucPTI2OSg==</latexit>
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Rapidity cutoff to remove  
target fragmentation in SI  
allows for studies of the full  
z-spectrum. Other wise only  
possible in hadronic colliders  

Endpoint distribution associated  
with the energetic jets requires  
threshold  analysis. Hadronization  
effects for Centauro are universal to 

event-shape observables   

arXiv:1701.05660

arXiv:2003.02275
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<latexit sha1_base64="b+n3e1YQEa9MneUTanzPe56IiCk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+ANzrjPk=</latexit>

qT
<latexit sha1_base64="YBOnghbSfFAnUXTYvBh9IE+1+ic=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4j5gXJEmYnvcmQ2dl1ZlYIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfTm5tfWNzK79d2Nnd2z8oHh41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfmtJ1Sax7Juxgn6ER1IHnJGjZUeHnv1XrHklt05yCrxMlKCDLVe8avbj1kaoTRMUK07npsYf0KV4UzgtNBNNSaUjegAO5ZKGqH2J/NTp+TMKn0SxsqWNGSu/p6Y0EjrcRTYzoiaoV72ZuJ/Xic14bU/4TJJDUq2WBSmgpiYzP4mfa6QGTG2hDLF7a2EDamizNh0CjYEb/nlVdKslL2LcuX+slS9yeLIwwmcwjl4cAVVuIMaNIDBAJ7hFd4c4bw4787HojXnZDPH8AfO5w83YI3A</latexit>
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TMDs

New regime from current fragmentation  
at small transverse momentum that is  
not studied theoretically yet.  

The z-cut at 0.5 it is arbitrary and can be relaxed  
within the region 0.2 - 0.6 inducing only minor effects. 

arXiv:1907.05896arXiv:1904.04259
arXiv:1807.07573
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Implementation with Fastjet::contrib

https://github.com/miguelignacio/CentauroJetAlgorithm

by Miguel A.
The necessary files can be found here:

We plan to include this code in the standard fastjet-contrib release. To install it, you should copy this 
folder as "CentauroPlugin" in your fastjet contrib folder (https://fastjet.hepforge.org/contrib/) along 
with all the other plugings. Then do:

./configure --only=CentauroPlugin —fastjet-config=YOURPATH/fastjet-install/bin/fastjet-

config CXXFLAGS=-fPIC CFLAGS=-fPIC                                                      

make                                                                                    

make install                                                                            

./example < ../data/single-epDIS-event.dat                                              

You can then run an example with:

https://github.com/miguelignacio/CentauroJetAlgorithm
https://fastjet.hepforge.org/contrib/


#include “fastjet/contrib/CentauroPlugin.hh” 
. 
. 
. 

fastjet::contrib::CentauroPlugin * centauro_plugin = new fastjet::contrib::CentauroPlugin(0.8); 
  
JetDefinition centauro(centauro_plugin); 

ClusterSequence clustSeqCentauro(fjInputsBF, centauro); 

inclusiveJetsCentauro = clustSeqCentauro.inclusive_jets(0); 

JetsCentauro = sorted_by_E(inclusiveJetsCentauro);

11

How to use in Pythia 8

jet Radius

minimum pT for jets



Outlook
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(2) Look the behavior of Centauro in di-jet configurations and consider simultaneous analysis for  
single and di-jet cross sections.  

(3)Theory + pheno. study of the quark-Sivers function from jets in the Breit Frame 

(4) Integration in the FastJet framework: effects of soft radiation in the threshold region (Grooming and/or  
use of soft-recoil free axis)

(5) Applications in event and jet shape observables 

(1) In progress - Energy spectrum: projections for the EIC and HERA  
+ 

Theory predictions including  
threshold resummation and  
hadronization corrections   

Thank you



Leading order processes in the LAB 
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lepton-lepton

hadron-hadron

Deep inelastic scattering

�⇤/Z0
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