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Mass and flavor T: (1234) = (2314) (1234) —=(4321)

\ A
u C t
d S b l
GUT Symmetry
| SU(5), SO(10), ...
e 23 T
I

vc vl

v“
—— | A Novel Origin of CP Violation M-C.C, M. Fallsacher, CT. Mahanthappa, .
family symmetry _)‘ ! Ratz,A.Trautner, NPB (2014)
(T’,SU(2),....)
E— - * For discrete groups that do not have class-inverting, involutory automorphism, CP is generically

broken by complex CG coefficients (Type | Group)

* Non-existence of such automorphism < Physical CP violation

CP Violation from Group Theory!
[ Discrete (flavor) ]

symmetry G

|

[ Type II: one can ]

impose a physical
CP transformation

*
SG]I

Type | group

. generic settings based on there is a CP basis in
: G; do not allow for a
May/2019 Pedro A.N. | { physical CP transformation |

Type Il A groups Gy a: Type Il B groups Gy B:

there is no basis in which
which all CG's are real all CG's are real

42
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Leptogenesis

Qntetmediate §ecale
Jeptogenesis

T —

ofeptogenesis via low
energy CPV

Mini summary: non-resonant thermal
leptogenesis can explain BAU using only
low scale phases at M1~106 GeV

Conclusions

usSe
~ O\) \v"

L Rey e g Twtn 2% Fermilab
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Traditional NSI

Probing new physics Vinat = V2Gr Ne () €
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Mass and flavor Traditional NSI

- Stau search (LEP)
[ # search in tvrv mode(LEP)
- Selectron search (LEP)

- Selectron search (13 TeVLHC)

i <H]Q > 1.0 0.0

0.8 0.2
-
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0.4 0.6

o
0.2 08 )
2

A 3
e 4
BRo

0.0 ho | :
/ \ - 8082 84 86 88 90 9294 0.6

10.8

Ly =W, C%L) e;n" + Y yHieg + 1 yHaeg + h.c. 1.0

V= uHiHn™ + he. + ...

Yee O Yer
y = O Yuu Yur " €re(%) |
0 0 Yrr 0.8 '_; N
@ The singly-charged scalars )" and H, £ 06 ; _15
induce NSI at tree level: % 2/ :gg
~ & -
> % -50
— 0.4 £ “100
l '3,,' -150
Vol AR Bl
VH 0.2}
2 - -
Jers 100 200 300 400 500
laR VpL mh+ [GeV]
ab
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Traditional NSI

HO-NH (true)

Degeneracies
|Eeyl = 0.05

SM

by (true) = o’
qu (true) = 180°
Py (true) = -90"
@y (true) = 90°
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Traditional NSI

III. Can we separate new physics
scenarios from the standard ?

IV. Correlations and degeneracies of NSI

parameters with high energy beam
tunes...

Falling flux kills the large asymmetry'afarge c.____

Solid: LE+ME
Dashed: LE+HE ||

v(5)+v(5)

0 1 2 3 4 5 1, 2 3

07. o b b b b .\I PR S NSRS S T S NSNS N T B! L ]
4 5 6 7 8/6 10
]

Runtime for LE beam [yrs.] Runtime for LE beam [yrs

LE only case - the separability
between SI and NSI is less!

.
s
--------------------

l€ep| = 0. 04 leer| = 0.04,6. =04

12O;DUNE(13001< T

i v, — Ve, 35kt
100~ -t

NSI (8 =7t/2) ---- N8I (5Cp—-n/2)
NSI (8¢, = 0) —— Sl

@]
o

LE(5+0)

N
o

Events / 125 MeV
W
(a»)}

N
o

b X ,t\,/\,’/\,t\/\t
B A 0%’\0/’\‘/\*/’\0/\&
O s SAAARAEGEP 8PP 8 ST

Better ability to separate black curve from

nilab
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Traditional NSI

0.18 = 1‘0-ye‘ar for‘ecas‘t S ]
: - Fixed systematics
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Traditional NSI

SPVAT (Scalar, Pseudo-S, Vector, Axial-V, Tensor

Use coherent v-N
scattering

T — e ————

JE :
3¢ Fermilab
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Traditional NSI

and more

[\
(&)
I e S

A7)

NSI complete operator basis

3 - Flavors basis (i ~ 2 GeV): f = e, u,u,d, s

Dimension five: .

5 L
ol") = W(Vﬂau Prva)Fu ,

SM+NSI Ve Vx, C6 u Dimension six:
6 _ = 6 _ _
O’} = (757 Prva) (F1" ), Q) = (T, Pova) (F1 15 )
Dimension seven:
«
QY) = m(ﬂgPLl/a)FuyFuy, (7) (D PLl/a) VFNV,
(7) _ Qs apv a (7) Oé — apv a
Q= 127T(V,8PLVQ)G "G, 8—(1/ 3 PrLv,) G G/w’
r 7 _
Q5f =mg(vgPrva)(ff), é} = m(UsPrva)(fivsf),
Q’(7 3‘ - mf(VBO-NVPLVa)(fO-qu) ) Qg = (Vﬁza PLVa)(f'yuf)
_ . s 7 _ v —
Eg (keV) Q) = (7910, Pova) (F1"35.1) O\ s = 040" PLva) (fru f).
C — — Q(7)f =0 (V,BO—MVPLVOé)(f’YV’%f)
Michele Tammaro (University of Cincinnati EFT for NSI May 30, 2019 6 /22
L — —————————
[l COHERENT @ CHARM [ Nal2T Borexino
3><106_— =
~ Ve x!
104§— .
3x103 - 3
108 = .
300 7
= 100;— E
& 30f E
< 105— =
3F :
1 = -
03F 7
0.1 = e
0.03F 3 "
| 7t 1+ 3¢ Fermilab
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Traditional NSI and more
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Darlk matter Traditional NSI
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Light mediators

B-L for the 3™ generation

Neutrinos and low scale new Physics

Can there be a flavor mediators at low scale???

tanB = wu/vy =10

10071 r""'13‘10-2 ) .
; : U(l) B — L of the third family
- 110-3 . o
1077 1197 Complete model, including
: _ scalar sector and CKM
102 410 generation
; \ ! _
x 103l . J10% x VYast phenomenology:
\ § Z-X mixing (sx)
—B-oRX 1 . D oscillations
1074L —I'p 3107 . T
: APV \; Atomic Parity Violation
: porete 1™ Upsilon, B, D, and K decays
- 0__nNno _ -7 .
10°F Dt 210N Higes, top, Z, and W decays
- i ] N . . )
. ) B v osc. ; Neutrino oscillations
I K- X V _
10, -’1 el it 3107
1077 1072 107" 10° 10' 102
My (GeV)

Babu Friedland Machado Mocioiu 1705.01822 :
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Light mediators

UV complete models

DM:SU2), x U(1)y X U(1) 31

Anomaly free

field | grap
dr | -2
R | 2
9: 2
VR -2
/L 1
nr | -1
) -2
15 May/2019

New DM phenomenology

New form factors

Datta, Duraisamy, Ghosh’13,
Datta, Kumar, Liao, Marfatia,’17
Elor, Liu, Slatyer, Soreq, ‘18

q vV

X
2

}\/\/\/\/\

N

q |

Migdal effect (Ionization and excitation of electron)

Cosmic ray scattered

N

Interstellar space

o—>

Lab (on Earth)

Ibe, Nakano, Shoji, Sujuki, 2018
Dolan, Kahlhoefer, McCabe, 2018

Bringmann, Pospelov, 2018

Ema, Sala, Sato, 2018

Dent, Dutta, Newstead, Shoemaker, to appear
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16

1. Flavor Puzzle is a much® harder problem
=> Scale and couplings wide open in theory space.

Will search for ANYTHING

new states of mass M, new couplings/mixings £, I/,

Will search EVERY WHERE

low-energy & high-energy regimes.

0v23 | p-e conversion | rare decays | colliders features
[t = ey etc. T, K;D;B | .e%e= o
Typel J 7 J 7 N
Type-II Vv Vv Vv Vv A%y
Type-I11 /. ; Vi =
Zee-Babu ? vV ? V4 k=T RE
Ma models ? v ? V4 scalars, DM
RPV /leptoquarks ? vV Vv Vv 4
| extra-dim ! ! Vo V| KKstates
Inverse/linear ? Vi, N b e ) N4
Pseudo Dirac ? ? V4 V4
NSI ? ? ? Vv mediators

......

It is of fundamental importance to test the Majorana nature of v's.
IF lucky, hadron colliders may serve

as the discovery machine for Majorana nature of v's.

nilab
2fnal.gov
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. CMS Exgerimant at LHC. CERN
|| Datarecorded: Toe Oct 4 0250:32 2011 CEST
j|  RevEvest 177783/ 4429626

(] Lorms secton: 273

' -— T

" e ;
— 1‘

EFT vs simplified models?

| v i

17 May/2019 "Pedro A.N. Machado I'NTN NS Workshop Summary

Log(N)

NSI searches

MET [GeV]

Systematic uncertainties are dominant

CMS 8 TeV 19.5 fb!

0.1}
W
1072}
1073} r=£ 13 TeV, L=20 fo~
10 100 1000 10% i
my [GEV] Fermilab
| — — achado@fnal.gov
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Light mediators

* Explanation of MiniBooNE’s low energy e
A LIGHT DARK SECTOR - THE IDEA

EventsMeV

Events/MeV

Neutnno mode

vvvvvvvvvvvvvvvvvvvvvvvvvvvv

-
‘4141—‘1*14[—“14—‘IA_1‘_.AA_ A A

800 1000 1200

Reconstructed neutnno energy in MeV

200 400 600

\ / \ /
S|>\\ /,< Sl> <H>\\ //<Sl>

( Y Y

! ! !
¢
|
!

A N N N N v

2= Fermilab
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Light mediators
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Light mediators

2% Fermilab
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Light mediators

myz =30 MeV, ae? =2 x 1071 ap

—1/4
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dE/dX
Background, § .
e.g. NCpi0 E 10-2
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‘ electron F
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3 =4
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explanations 3
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New sighatures Light mediators

Neutrino trident production

Va Va
Z EE
! +
65
A
CHARM-II
WANF beam (CERN)
<E ) =25 GeV
120 —— ———
Nyg = 55 + 16
IOOT‘

i — ! My < 25 Gev/d
y —— my, > 25 Gev/d

1 V= L L 1 || |

Number of events per & additional hits
h
o

~
o

Number of additional hits

ICHARM—I _ 4 5e4( 57 |

OSM

|
0 20 40 60 80 00 120 WO 160 180

Smltmg New Physics s

102 E

1074

ete” Qe

Not vet observed or even searched for!

A

L,— L;, DUNE ND, 75 tonnes, 5y v-mode + 5y 7-mode, 120 GeV p*, onorm = 5%

BaBar 44

DUNE 90% C.L.

; ptp” trident
ANeg > 0.5 (9—2)p+20 m— = ) — e scattering

1072 1071 10° 10
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New sighatures Dark matter
Scalar DM ¢, ap = 0.1

—  Drell — Yan production only

Qy = Qops. limit saturated

Gaseous Argon

LIqUId Argon Q
Em—

JE :
aF Fermilab
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Light mediators and more

Z width

Early Universe Physics
Inflation Models: Natural Inflation
CrB Scattering
Hy Tension

T :
3¢ Fermilab
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And much more

The Inclusion of Two-Body Physics: Nuclear Response

* The second order correction to a Hamiltonian describing a system of bound nucleons comes
from two-body interaction terms in a high-order expansion:

QMC STA

-
Simulation: /
+ K

Future Generator Validation
» Ample amounts of data are available for e3He and e*2C scattering

* Once the generator is complete, tested, and validated on e data, we will
proceed to v generation

* Publication will follow soon after

UNIVERSAL NEUTRINO GENERATOR
& GLOBAL FIT

T :
3¢ Fermilab
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Particle type Detection DWN lT
What do particles do = — Threshold (KE) TRUST

And much more

7 ANYONE

200 T 100 MeV
Conclusions

o %
00 - o v + /n VW2
: - * .Hadronic system e/ :g mez *(O\;\v“
o | e y

n 50 MeV

other 50 MeV ' -

T — —

Mailing list:

150

Help with neutrino generators and
propagation in liquid argon

=200 t—1 12
-50 0 ‘

E scale
1.0 4 R ——

Shirley Li
tome ~

0.8 1

Probability
g

Carlos is great with names! His ideas:

hitchhiker-guide@

hitchhiker@xx milab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?

aF Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?

UV complete models for NSI: proof of principle or should we focus on them?

3¢ Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?
UV complete models for NSI: proof of principle or should we focus on them?

Flavor models: Can we ever test the discrete symmetry based one!

3¢ Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?
UV complete models for NSI: proof of principle or should we focus on them?
Flavor models: Can we ever test the discrete symmetry based one!

Mass and flavor models:Why do we want to push them to lower energies!?

2= Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?
UV complete models for NSI: proof of principle or should we focus on them?
Flavor models: Can we ever test the discrete symmetry based one!

Mass and flavor models:Why do we want to push them to lower energies!?

Leptogenesis: How to disprove it?

2= Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?

UV complete models for NSI: proof of principle or should we focus on them?
Flavor models: Can we ever test the discrete symmetry based one!

Mass and flavor models:Why do we want to push them to lower energies!?

Leptogenesis: How to disprove it?

More general EFT-NSIs: How realistic are those in UV models?

2= Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?

UV complete models for NSI: proof of principle or should we focus on them?
Flavor models: Can we ever test the discrete symmetry based one!

Mass and flavor models:Why do we want to push them to lower energies!?
Leptogenesis: How to disprove it?

More general EFT-NSIs: How realistic are those in UV models?

Collider and neutrinos: How to clearly show their complementarity? Do we
need more collaboration between these communities?

3¢ Fermilab
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?

UV complete models for NSI: proof of principle or should we focus on them?
Flavor models: Can we ever test the discrete symmetry based one!

Mass and flavor models:Why do we want to push them to lower energies!?
Leptogenesis: How to disprove it?

More general EFT-NSIs: How realistic are those in UV models?

Collider and neutrinos: How to clearly show their complementarity? Do we
need more collaboration between these communities?

Generators: Can they be made more simple so they can be used as a tool for
theorists? Will they keep up with new strategies/ideas/signatures???
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Few questions and comments

Traditional EFT NSI below weak scale: Are we happy with it?

UV complete models for NSI: proof of principle or should we focus on them?
Flavor models: Can we ever test the discrete symmetry based one!

Mass and flavor models:Why do we want to push them to lower energies!?
Leptogenesis: How to disprove it?

More general EFT-NSIs: How realistic are those in UV models?

Collider and neutrinos: How to clearly show their complementarity? Do we
need more collaboration between these communities?

Generators: Can they be made more simple so they can be used as a tool for
theorists? Will they keep up with new strategies/ideas/signatures???

What do we need from EXPs to perform better analysis and propose new
searches?
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We plan on writing a report about this workshop.

Background: NS|I community is changing. Several efforts on more
coherent framework, new observables, UV complete models,
complementarity with other experiments, greater precision, ...

Goal: Write a report to identify the recent progress we achieved and the
new directions we are pursuing.

Each of you should write a 3 pages (maximum) summary related to your
talk (including refs).We will put this all together, edit, and write intro and
conclusions.You will get a more detailed email soon.

Deadline: June I5th
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We plan on writing a report about this workshop.

Background: NS|I community is changing. Several efforts on more
coherent framework, new observables, UV complete models,
complementarity with other experiments, greater precision, ...

Goal: Write a report to identify the recent progress we achieved and the
new directions we are pursuing.

Each of you should write a 3 pages (maximum) summary related to your
talk (including refs).We will put this all together, edit, and write intro and
conclusions.You will get a more detailed email soon.

Deadline: June 15th £ WO kshop!

Thant e 2% Fermilab
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