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Outline and Instructions

. “I would suggest that your talk can cover a mix of current research, and where this
work (or related past work) comes into contact with Lance”

 Sounds difficult, but Lance’s breadth and influence makes this an easy task
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Outline and Instructions

. “I would suggest that your talk can cover a mix of current research, and where this
work (or related past work) comes into contact with Lance”

 Sounds difficult, but Lance’s breadth and influence makes this an easy task

My first suggested project from
Lance as a grad student in 2000
was in astro-particle physics:

The idea was to follow up on this work,
check feasibility, think about low-x
physics... never completed.
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Outline and Instructions

. “I would suggest that your talk can cover a mix of current research, and where this
work (or related past work) comes into contact with Lance”

 Sounds difficult, but Lance’s breadth and influence makes this an easy task
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Outline and Instructions

. “I would suggest that your talk can cover a mix of current research, and where this
work (or related past work) comes into contact with Lance”

 Sounds difficult, but Lance’s breadth and influence makes this an easy task
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l.ance’s stats
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Energy correlators

o “I would suggest that your talk can cover a mix of current research, and where this
work (or related past work) comes into contact with Lance”

. Lance’s influence is so pervasive | can take literally the last paper I've written, and
Lance has influenced this area.
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Energy correlators

« Energy correlators provide a beautiful connection between formal theory,
experiment and the field of perturbative calculations in focus here.
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Spin structure of the proton

« Major focus of upcoming Electron-lon Collider (EIC) program is the spin

structure of the proton.

Quark spin
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Collinear structure of the proton

. Transversity distribution is the most poorly-determined leading-twist
distribution function. Impacts potential BSM measurements of SMEFT dipole

coefhicients at the EIC.
Unpolarized collinear PDFs well-
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Transverse structure of the proton

. Transversity distribution is the most poorly-determined leading-twist
distribution function. Impacts potential BSM measurements of SMEFT dipole

coefficients at the EIC. |
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Transverse structure of the proton

. Sivers asymmetry arises from interaction of quarks with nucleon remnants and
is sensitive to how gauge links change under initial-to-final state crossing.
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Transverse structure of the proton

. Sivers asymmetry arises from interaction of quarks with nucleon remnants and
is sensitive to how gauge links change under initial-to-final state crossing.
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Transverse structure of the proton

. Sivers asymmetry arises from interaction of quarks with nucleon remnants and
is sensitive to how gauge links change under initial-to-final state crossing.

Initial-State Interactions and Single-Spin
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Transverse structure of the proton

 Both the Sivers asymmetry and the possibility of probing dipole-moment new
physics at the EIC are through single-spin asymmetries, and arise from the
behavior of the SM under discrete symmetries.

It is useful to also consider a linear transformation
related to time-reversal invariance, often called
“naive” time-reversal (Sivers 1990):

Recall the transformations of quantum
operators under parity and time-reversal:

sia+41l — S
Arcaz Ay~ = ca_;

Note that the combined transformation PA;
leaves a particle momentum unchanged but
flips its spin; single-spin asymmetries are
necessarily odd under this transformation.
Need a phase from a loop to get this effect.

c is a c-number; time reversal
IS an anti-unitary operator



Transverse structure of the proton

. Something | learned about many years ago from Lance, and got advice from
when we were working on the transverse SSA probes of dipole moments.

From: Dixon, Lance

Sent: Monday, September 16, 2002 2:50 PM

To: Wagner, Stephen Robert f du>

Cc Petnello Frank John <frank : Melnikov, Kirill

mailto: melnlkov@slac stanford edu

Hi Steve,

We have been thinking a little bit more about your problem of the QED radiative corrections to the
e+e- -> mu+mu- forward-backward. But | wouldn't say we've made a lot of progress yet, except
perhaps for one result of a literature search, which you may or may not be aware of already:

For your problem, it seems that KORALB has been superceded by KK4.13, which includes not only
the O(alpha) QED forward-backward asymmetry, but also log-enhanced higher order terms. See
hep-ph/9912214 for the Comp. Phys. Commun. manuscript, and hep-ph/0101246 for a short
description of it.

In particular, table 1 of hep-ph/0101246 contains a comparison of KORALB vs. KK4.13 for ISR-FSR
interference, indicating that resummation of alpha * L (L = In(s/m_e”2) | think) is being performed by
KK4.13.

Section 4.3 also has a short discussion of ISR-FSR interference, though in the context of LEP2.

do(6) do(n-6
p0=5ig" - i

Dixon, Lance J. May 2/, 2022 at 6:25PM
RE: QED question

To: Francis John Petriello

Hi Frank,

Yes, both North and South Chicagoland visits were delightful! Thanks a lot for taking me to lunch
at the faculty place.

The answer to your physics question (and thanks for asking) is: Fritz Berends et al, more
specifically, from 1973(!),

| thought | remembered that Berends had a later paper where he did more analytically, but | can't
fmd it now. Anyway, | would take a skim through papers by Berends (and also not by Berends) that

a3-CONTRIBUTION TO THE ANGULAR ASYMMETRY
INete™ - p*tp”

F.A. BERENDS and K.J.F. GAEMERS

Instituut-Lorentz, University of Leiden, Leiden, Netherlands

R. GASTMANS*

Instituut voor Theoretische Fyvsica. University of Leuven, [euven, Belgium

Received 25 June 1973



Two-point charge correlator (TPCC)

. Can extend the idea of energy correlators to consider charge correlators as
well. This idea will help us access the Sivers asymmetry in DIS. First introduced
in electron-positron collisions.

Monni, Vita, Xu, Zhu 2508.00977

QQCO) =Y [ doese- sapsx ttb(cosx — i - i)

o
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1 E;E; 1 — cos xij;
EEC(::)_—E”/dJ 25(3 2X)
Contrast this with the Ly -

energy-energy correlator: Moult, Zhu 250609119

EEC is naturally IR-safe in the soft
limit; not the case for the TPCC



One-point charge correlator (OPCC)

« We can extend the idea to one-point charge correlators for the purpose of
measurements in future DIS experiments such as the EIC.

Hadron Plane
F (71, x5, Q%) Z / do gt senrx @n0(1 — 7ip)
e e, &
)Wﬂf i Y/) R
/ i o Lepton Plane « [/
For transverse-spin
Different systematics than other measurements observables can write as:

-No neutral hadron

reconstruction needed (0,6) = / A0 sesivx Qi O(0 — 0,)5(6 — &)
-NO energy measurement ‘



One-point charge correlator (OPCC)

« We can extend the idea to one-point charge correlators for the purpose of
measurements in future DIS experiments such as the EIC.

9 g 9

O]

Matrx elements symmetric under q to
gbar; charge-operator insertion anti-
symmetric; soft poles cancel in the sum

Monni, Vita, Xu, Zhu 2508.00977

Non-local cancellation; charge
conservation forces IR safety after
summing over quark+antiquark



One-point charge correlator (OPCC)

 Two physical limits of the Breit-frame polar angle are of interest.

Xg,Q

Target fragmentation: 0 < 1 TMD region: l=rm—0<1



Description in the TMD region

« One can factorize the OPCC in the TMD region using the SCET framework.

j,_lS'ivers . .
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Sterman function (quark-
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TMD soft function coefficient



Numerics in the TMD region

. Stable perturbation theory for the OPCC, and a sizable Sivers asymmetry at a

future EIC.
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Descriptionin the TFR

. In the target fragmentation region factorizes into the partonic DIS cross section
and a nucleon charge correlator. Similar to nucleon energy correlator also
proposed to study various aspects of nucleon structure.

(Odderon models)
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Mantysaari, Tawabutr, Tong PRD 112 (2023)




Numerics in the TFR

/s = 140 GeV, 400 GeV3< Q° <500 GeV?, N=6
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Conclusions

. Also from the organizers: “As far as I'm concerned, jokes are also encouraged!”

« Train model to “learn” symbol of F3(L) 100-
using a subset of the 5 million terms
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Conclusions

. Also from the organizers: “As far as I'm concerned, jokes are also encouraged!”

Twenty Questions, Ten Million Synapses

Forget chess -- this Al has mastered a classic parlor game.

KAREN SCHROCK -« JULY 28, 2006

Q: Is it an animal, vegetable, mineral or other?

A: Other.

Old British TV show had experts examine an object and
guess. Early neural net training used the same concept
through the 20Q project

[@'2] s 20Q an Object? MAYBE

20Q is an object, a website, a company, and a phenomenon. It first gained popularity as an online game (20Q.net) where users log onto the website and play
against an artificial intelligence (A.l.) foe. Players think of an animal, vegetable, mineral, or other object and 20Q guesses what the player is thinking in twenty
questions or less. And, the more people play, the more the game “learns.” 20Q.net gets 1,000,000 impressions per month, has asked more than one and a half
billion questions and played its 79,000,000th game in December 2010!



Conclusions

. Also from the organizers: “As far as I'm concerned, jokes are also encouraged!”

i | went to ask him a question as a student!
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Happy Birthday Lance!
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“Lance likes getting a number”



