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Group Under the Neutrino Physics Center

The joint group between theorists and experimentalists is part of the Neutrino
Physics Center

* We encourage collaborators to apply the NPC Fellows and Intensity Frontier

Fellow to get support for visits
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Neutrino Joint Theory-Experiment Working Group 20 1 7

Noutrino Physics Center Community This joint group Detween theorists and experimentalists is
iIntended %0 provide a forum for theorists and experimentalists to
collaborate on fopics of importance to Fermilab’s neutrino

Neutrino Physics Cenmter Fellowship

Program
program. Inftial Qoals are

NPC News

o Creabe an Fberisce betwoen thecry and generators
Neutrino Seminar Series o work 10Gather toward MEccve the Mocels
Neutrino Question e incorporate new models in the simulations . d

« understand the interplay of neutring Interactions and -
Neutrino Summer School phecomenaiogy . .

u
Neutrino University Inial 10pics for the working groups . o
Theory-Experime oriing Group o Interincing theory and GENIE event germrator "y O
NPC Organization ¢ Spedific tests cases: nucloar ab initio and deep .
nolastic scattering

Fermilab Links * lLattice QCO o

o Raciative Cormections and rua/numy Cross 3ection

aerences

Fermilab Neutrino Division
« Phenomenology

Colloguia on Neutrincs
We will have subgroups 10 work on each topios

Experimental-Thecretical Seminars .
Moetings are once a month. Sides will be posted at hitps2/indico. fral gov/category/724

* We meet once a month to discuss progress and separate meetings to follow up
with work
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Topics

* We identified specific topics for the working groups and started to work
* Theorists inputs to GENIE:

* Nuclear ab initio
e DIS

e Radiative corrections and nue/numu cross section differences
e Lattice QCD

* Theory for experiment and Experiment for theory
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Radiative Corrections Plans
 Radiative corrections and nue/numu cross section differences

* Doreen,Adi, Daniel, Steve, Richard and Kevin are leading the effort for QE
* More details at https:/indico.fnal.gov/event/ | 6766/session/0/material/0/0.pdf

* Walter and Stefan are leading the effort for radiative corrections in DIS
* More details at https://indico.fnal.gov/event/ | 7207/session/0/material/0/0.pdf

T2K as an example

1-ring p-like 1-ring e-like
Error source

v-mode y-mode V-mode y-mode V-mode CCin Ve/Ve

SK Detector
SK FSI+SI+PN
Flux + Xsec constrained
Eb

o(ve)/a(vy) Kendall, INT workshop

NC1y
NC Other

Osc
All Systematics 4.91 4.28 8.81 7.03

* Important systematic for DUNE measurements ~ _
ar Fermilab
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https://indico.fnal.gov/event/16766/session/0/material/0/0.pdf

CCQE and Two-body Physics Saori Pastori

* Saori Pastori, Joe Carlson are developing the short time approximation that
allows for evaluation of xsec in A 40 comprehensive of two-body physics i. e.
two body correlations and associated currents

In STA:

Response functions are given by the scattering off

6 ' | ' ' |
pairs of fully interacting nucleons that propagate into a L ‘He S Werg
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* We retain two-body physics consistently in the nuclear interactions and Longitudinal Response function at g = 500 MeV

electroweak currents
* Ry (g, ®) requires only direct calculation of g.s. |0) w.f.’s *
* STA can be implemented to accommodate for more two-body physics, e.g.,
pion-production induced by e and v

* Saori Pastori, Josh Barrow, et al. working on the GENIE implementation
https://indico.fnal.gov/event/18545/session/1/material/0/2.pdf
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Spectral Function Noemi Rocco

* Noemi Rocco, Steven Gardiner et al. working with the spectral function

implementation _ _
https://indico.fnal.gov/event/18545/session/1/material/0/0.pdf

Theoretical framework: A + realistic SF
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* The intrinsic properties of the nucleus are described by the hole spectral function

+ The SCGF is an ab-initio method allowing to * Single n{p)-momentum distribution of “°Ar (Ti) . QSES:;S;?]; fi?ggggﬁoe:ii:rfgj?r?eag:to—Lee
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Deep Inelastic Scattering plans Huma Haider

* Deep inelastic scattering:

* In GENIE, DIS is calculated in an effective leading order model using the
modification prescribed by Bodek and Yang

* No A(mass number) scaling at all in GENIE
* Use GRV98 LO parton distributions

* Nuclear medium effects are not the same for the electromagnetic and weak
Interactions

* Huma'’s group has a model in which the nuclear structure functions are
calculated using dynamical origin of Nuclear Medium Effect are A dependent

* Huma is leading the effort
* The model is written in Fortran, Huma is converting it to C++

* More details at:
https://indico.fnal.gov/event/ | 7049/session/0/material/0/0.pdf

W+(q)/W-(q)

Xp')
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https://indico.fnal.gov/event/17049/session/0/material/0/0.pdf

Hadronization in GENIE: Upgradeding to Pythia 8

* Teppei and Shivesh are leading the effort

Katori, Lasorak, Mandalia, Terri, JPS Conf.Proc. 12 (2016) 010033

First attempt at Pythia 8 implementation

Shivesh Mandalia

S. Mandalia
2018-11-14

PYTHIA8 Implementation Results! PYTHIA v8186
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More plots available at https://goo.gl/pbAmOy

https://indico.fnal.gov/event/19092/session/1/material/0/0.pdf
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Other Topics

* Lattice QCD is calculating the axial form factor
* Andreas is leading the effort

* More details at https://indico.fnal.gov/event/| 8| 30/session/0/material/
0/0.pdf

* Interfacing theory and GENIE generator

* Stefan,Walter, Gabe, MB, et al. started discussions about making an
interface in GENIE to allow rapid model implementation

* Phenomenology, Pedro is leading the effort
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https://indico.fnal.gov/event/18130/session/0/material/0/0.pdf

Phenomenology Effort Adi and Steve

Fermilab theorist can benefit from common
experimental knowledge.

The first goal we have set was learning how to use
GENIE event generator, to estimate the standard model

background for new physics model, and simulate some

of the models.
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Adi and Steve
Phenomenology Effort

We’ve nitiated a survey among Fermilab theorist and identified
several types of models they would like to simulate:
- New Nuclear Models
- Models including new particles and their interactions:
- Simplified models of new/Dark particles, demanding simulation

- New particles effectively changing incoming neutrino flux

- New particles effectively changing coupling constants




. Adi and Steve
GENIE for Theorists effort

We’ve initiated an ongoing workshop including 3 tutorial sessions give by
GENIE author, Steve Dytman.

GENIE was installed on the public theory machine and all theorists have
been given access to it.

During the tutorial theorists have learnt to

- Run GNEIE and use ROOT to read its output

- Calculate total and differential cross sections of lepton-nucler SM
- Generate events accordingly with various incoming fluxes.

We’ll consider a follow-up session or other efforts depending on the success
of this event.
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