Ouantum Chromodvnamics

Jennifer Rittenhouse West . B

Istituto Nazionale di Fisica Nucleare
INFN & University of Turin Hadron Physics Postdoctoral Fellow I N N
Torino Welcome Day 2024, Oasi di Cavoretto




A brief academic history...

Degrees from:

Santa
arbara. ..

Davis...

Irvine

niversity of
alifornia

UCDAVIS

AGGIES

‘/ Vkrwmlslttnd N

Great

- -\In/\ 1
- veran - 5 Bear Lake
enali

(6194 m).[\

_SWEDENIP .
Forwvay, &0 'L\\'I e

= ,"' ! % )/S:\G;ﬂrk:
5 4 CANADA

o % Winnij
. U MEEEh 7

. Suparior

3 seatfle 0 A merica-= : Laks 7

Ottawa
*x - 7

o
(=}
o
=
<

Bslo # /stockhglhts fin T
il (q(i\]—!\%

. Laiy Vo
Michige ke Ontario.
ake Erie
\Vashmgton De,

SYUNITED STATES
& JAtlanta /
Jacksoguille /

|

RS el =

N O R T s o «New York

v Zs y
/ /
San Frangisco
1550 el
& LR

/ R
;é;ﬁtﬂV

mopan-
LUAIt\i»\l-\/HOhDJ

Equator _{_ [ COLOMB]AM\ %

PORTUG i Bl

o
ét lerr

EL SALVADOR jﬂNl(’AmUA
08 ¢
San José »\ £ { 5
Cohn oA T A ;
Qo et o LVENEZUELA Cog
= aram. .llh

t ' QBo ota f Q\—\NA*~c.y«me
é & .\_,‘/;SUR\-\\VEFrenCh

e N

L \ g;urana L
Quito: C .- (efieces
ECU OR “ SOUth :

ef
i
smazon KV

5 PRy A merica

| \

{
\x |

\ SOUTH \ R 1 F %, SR
1

PACYFIC \T e (e

~ -\Sumlon

|

TN
N

Z 1L

o H
) COTE
WIBERIA [oToOrki AccraNove CANEROON "B TN
- Hyaounde A/
| T T
= PE_q_u_a_tor B o :,Er«mu': DEMOCRATIC.

LABON)  “ Repusl |< ()r I

GO
2 THE C ()\( O

% Luanda

I ) Sy Lake
SOUTH . /-\\1GOLA""'1.-\V \)}:“fﬁ’ 5 Norni

* Brasilia

:‘ | L ZAN 131?/

ATL AIN TIC ‘ > Y{AMIBI*\ IMBABW
i pekk e BOTS\}

Buenos \URUGUAY
Aires * #pontevideo

ARGENTINA

fa SPA_I_fg ‘ ; cRE;SE ﬁ*& KEY ™

ANDA LT |umbdﬁ (5895 m)

ZhngaLms TANZANIA%

T inshasa ’lm INDI It )
MALAWI 1

|

|

- e '/Prgtona Mﬂpuw
o, Sibanmd
SOUTH ESWATINI
BAERICAC ™

North As:a
RUES S 1A

4Moscow

Lake
Baikal

-7 ; nkkuldo 7
EA 158G Of \N ORT
T \Hnnshu okyo \PA CIEI

H I N A Wuhan tk' Shln‘ghal OCEA N\

,586.0m, i %,
N

51

Guangzhou
M\ A\IM)\R S ) = .
BA GLh S -‘"3'\- M.Z'.?"“K“‘\Tavlwa"

I\
Philippine
\
—South— Seg)

* (’waonu\

1 *Manila \
China | I, PHILIPPINES

Pinlzl\;‘g\lcéﬁm

Gt ea/ \

Kuala llumn-v* <
Lumpur*'\/\ LAYS YA/

Singapore & _~Borneo

INDONESIA
Sumatra
Jakarta : New|Guinea

FEDERATED STATES
OF MICRONESIA

Sea

Sou heast

\Cc /.

- 8ory 2A1pD707-50504

‘Klllmanjaro

\
i
‘* (10984 my
{
o
Po

0 ll‘vlpnu

uDIPU] 1DIIUBD)

e T T"— Equator| %

P i i SOLOMON

f j_ ________________ ‘_Tr@lc_ of _Cagncgmf(é‘a"é‘ﬂ

LESOTHO,

= O Java BT v | RAEW(JUI 1SLANDS Funafuti_ |
[ 5| f o Trency 2 ""pniﬁ&i ‘ NFA 7 “Mwﬂ
‘ 2 “ ‘l v Moresb | e Homara
2] ND AN , / J; o) so UTH,,M“'_‘ 2
3 ] 9 i FiL
¥ © /
Haféf:' \\()/«MBIQUE A‘,,:ijﬁ:"“\:’ a‘ ::3 }‘ | / C'oral " |poritvila  Suvay /
: - 2 | V2 /7 ’ ,
gaMoacasear, £ bl 0O C{fEA N 5/ . Sea%y PA_C:I-FI o

Ausrmlianﬂ Canberra -Sydney
Bight /-
Melboupfie

Meteor D
Sonth Sandvwich Trench
S (8202m)

A N494P74

SOUTHERN\OCEA

Anta!cth, ircle (66°33')

SOU HERN OCEAN
= Anmm lrde(66“339

Ros Ice Shel]




mass - 2.3 MeV/c? =1,275 GeV/c? =173.07 GeV/c? | =126 GeVic?
| n 23

1/2 1/2

charm H top

=4.8 MeV/c? =95 MeV/c? =4.18 GeV/c?
Ty 13 A 13 A
12 @ 172 1/2 @
i
down i ,‘

QUARKS

strange ~ bottom “

0.511 MeV/c? 105.7 MeVi/c? 1.777 GeV/c? 91.2 GeVic? A

-1 X - . - 0
1/2 g ' 1
electron ” |
, __J

<22eVic?

0 Y
n
1,2

electron i§ muon | ; ;
neutrino ~ neutrino ~ neutrino

-’

GAUGE BOSONS

LEPTONS




Past: Dark Matter & Beyond the Standard Model Physics

Fornal et al. with JRW, PRD 2017
e (Gravityl search 1or spin-2 gauge ooson

A Recipe for Beyond the Standard Model Physics o Dark energy. - expansion of universe speeds
Up - could be new Tields/particles, or tne
. Begin with Standard Model: Cosmological Gonstant

o [VIAUC/dRUTIAUERFASY LETY

. Increase gauge symmetries in the early e Neutrino masses
universe, either unify or enlarge:

e Break it down to the SM with a new scalar field

 Sort through debris - search for dark matter,
baryogenesis, dark energy, inflation... 26.8% Dark

Matter

. Our model:

68.3% Dark T
4.9% Ordinary
Energy Matter
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Future: Cosmological Fate of SU(3)_.;,, ® U(1)pm

S P EDGES Millicharged Dark Matter
We know one spontaneous Future Constraints from LDMX

Dirac Millicharge with L, — L, , g, = 1/4, mz = 3m,, Scalar Millicharge x with L, — L, , g, = 1,my = 3m,
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FIG. 10: Constraints on fermion (left) and scalar (right) dark matter which carries both a QED millicharge

| |
WI I I th e re b e O n e I n t h e fUt u re ? and additional charge under a gauged L, — L, force. This combination of interactions is motivated by
|

the dark matter interpretation of the EDGES 21-cm excess, which requires the millicharge to explain the
anomaly and the additional force in order to generate the requisite DM fraction fpyp =~ 1072 [118]. The
purple band represents parameter space which can explain the amplitude of the observed 21-cm absorption

feature. Future measurements at NA64 [119] and LDMX-M? [6] are expected to be sensitive to this sce-
I h e L@TR"@ H"@@S 5 nario. In the green band, this model also resolves the (¢ — 2),, anomaly [7, 108-110]. The shaded gray
|

region is constrained by the CCFR experiment [113, 114]. Both plots presented here are taken from [118].

arxiv:1807.01730: Berlin, Blinov, Krnjaic, Schuster & Toro
“Dark Matter, Millicharges, Axion and Scalar Particles, Gauge Bosons, and Other New Physics with LDMX”
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Table 1: Effective SU(3) color factors Cr, Egs. (A.15) and (A.19),
in various formation channels from one-gluon exchange: The minus
(plus) sign in the third column corresponds to short-range attraction
(repulsion). The label C or NC refers to spin-statistics compliant or
non-compliant cluster configurations.

38356 13| C
38353 |-2/3| NC
™0 136335 |nl e X
| 2DdQ |

2 DdQ
=

One-gluon exchange is attractive in the 3¢ ®3¢ — 3¢
diquark channel; in contrast, the short-range interaction
in the 3c®3¢ — 6 channel is repulsive (Table 1). Like-
wise, the allowed DdQ formation channel 3c®3¢ — 6¢
1s repulsive at short distances, but as a counter to this re-
pulsion the DAQ will remain color confined at larger dis-
tances at a radius determined by the QCD scale. Finally, n

45,
Follow up: “Diquark induced short-range nucleon-nucleon correlations & the EMC effect” d,

JRW Nuc.Phys.A 2023
Breaking of the fundamental assumption of Effective Field Theories (aka scale separation)...

np SRC pair
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