DISORDER IN MODEL BUILDING: FRO
THE HIERARCHY*PROBLEM TO COLLIDE

.
,/ ™ _('

i’" o

| Raffaele Tito D’ Agnolo (SLAC)
N KEK - December 2018 S 7?




DISORDERED
LANDSCAPES AT
COLLIDERS

w/ M. Low

| / 1. Cohen,
M. Low
arxiv:1808.02031

FREEZING-IN THE
HIERARCRHY
PROBLEM



FREEZE-IN DARK MAITER

INITIAL CONDITIONS: Yo = —2M —

THERMAL BATH

OBSERVATION [, v L] TEMPTING
Vv N| SPECULATION
V.

msM = MDM = U . Mpy




GRAVITY

Mp) SOLUTION TO THE HP

\/ I\ arXiv:0706.2050

arxXiv:0710.4344




LARGE N BASICS




N DARK MAITTER SPECIES

SM
THERMAL BATH

2
Mp; v

N
L -~ 2 \ J
Ypu =y Yim NX° = NO HIERARCHY PROBLEM
—1 SM (BUT MANY OTHER ISSUES)

‘




PARAMETRICS

OF FREEZE-IN

[ = I'(SM — DM DM)




C
2 C
< Z
S S
n (O
/
N

Ayy [TeV]

O

4
-
Y






FERMION

"HENOMEBENO)]

1040

1035

1030

0.1 Mpc

1 Mpc

1025

[ARL] AV

1020

1015
1077 107



A DISTRIBUTION OF
VA

FOR ILLUSTRATIVE PURPOSES  HAVE TAKEN ALL N MASSES TO BE EQUAL
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A DISTRIBUTION OF
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CONTINUOUS ENERGY INJECTION THROUGHOUT THE HISTORY OF THE
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SUMMARY & SMOKING

N

- NEW CONNECTION BETWEEN DARK MATTER AND THE HIERARCHY
PROBLEM (ANOTHER FACE OF THE “WIMP MIRACLE"). FOR OTHER
"FLAVORS"” OF LARGE-N DM SEE: 0903.0660 AND 1607.06321

- RATHER UNIQUE SIGNATURES: DARK MATTER IS VERY WEAKLY
COUPLED TO US, BUT IT CAN BE PRODUCED AT COLLIDERS
THROUGH ITS GRAVITATIONAL INTERACTIONS. ITS FREEZE-IN
COUPLING MIGHT BE PROBED IN INDIRECT DETECTION

- I[F WE ALLOW FOR A DISTRIBUTION OF MASSES WE GET A NEW
CHARACTERISTIC SIGNAL: ENERGY INJECTION THROUGHOUT THE
HISTORY OF THE UNIVERSE
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WHY HAVE WE SEEN
NOTHING SO FAR?
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You have no matches yet

Swipe more people to get more matches

@ Discover new people

EXPLANATION #1:

THERE IS NOTHING TO SEE




Trha Matoh! Aatoh! Mateh! Aok Aath! A

You and Allison have liked each other. ive liked each other. re liked each other. ‘e liked each other. e liked each other. re liked each other.

’ Send a Message a Message 1 Message t Message | Message 1 Message

m Keep Playing p Playing ) Playing » Playing ' Playing ) Playing

ﬁ Tell your friends your friends our friends our friends ur friends our friends

EXPLANATION #2:

THERE ARE TOO MANY NEW PARTICLES




LARGE N CONSEQUENCES




LARGE N CONSEQUENCES

INCREASING MASS

LONG DECAY CHAIN,
LOW PT FINAL OBJECITS, =
LOW VISIBLE ENERGY

MISSED BY CURRENT
TRIGGERS

TOO MUCH
— BACKGROUND OR
"UNTRIGGERABLE"

SHORT DECAY CHAIN,
SMALL MASS




TODAY'S MODEL
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SMALL LOW ENERGY SECTOR OF THE LANDSCAPE EXPANDED AROUND

A MINIMUM
(TUNED MODULI, GOLDSTONES ASSOCIATED TO THE POSITION OF BRANES, (PSEUDO)
SCALARS FROM HIGHER FORMS IN STRING THEORY, ...)

£¢ 2 Wlﬁ“ﬁu% — mawl% — yaﬁwlﬂpﬂ¢ + h.c.

LOW ENERGY REMNANTS OF COMPACTIFICATIONS
(FROM STRINGS ENDING ON BRANE STACKS FOR EXAMPLE)



CONCRETE MODELS
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LOW ENERGY SECTOR OF THE LANDSCAPE EXPANDED AROUND A
MINIMUM

Lon > ~aSM Gl HI = XMoo ds|H|

WITH SMALL COUPLINGS TO THE SM

aSM < a



PARTICLE MULTIPLICITIES
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FINAL STATE ENERGIES

AVERAGE VISIBLE ENERGY TOTAL VISIBLE ENERGY
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N.B. THERE ARE ALWAYS TWO INVISIBLE PARTICLES
Aoy — CLSM =0
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PARTICLE MULTIPLICITIES
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FINAL STATE ENERGIES

AVERAGE VISIBLE ENERGY
PER PARTICLE
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- IN THE EVENT



FINAL STATE ENERGIES

AVERAGE VISIBLE ENERGY PER PARTICLE
HIGH MULTIPLICITY EVENTS







DISORDER IN THE MASS
MAIRIX

WE FOCUS ON A REASONABLE POSSIBILITY INSPIRED BY THE
CENTRAL LIMIT THEOREM. MANY PHENO EXPLORATIONS
ARE POSSIBLE!
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COMBINATORICS AND
PLANARITY
AVERAGE OVER DISORDER = PATH INTEGRAL IN A MATRIX
MODEL (MANY ANALOGIES WITH SYK]
<(M2n>;> _ %/DMG_%TT[MZ](MQTL);

LARGE-N = PLANAR DIAGRAMS

2
1 (2n)!
/_2 m27r\/ e (n + 1)In!

CATALAN NUMBERS: REMARKABLE COMBINATORIAL
PROPERTIES, THEY ALSO COUNT OUR DECAY CHAINS!




- NEW SECTORS WITH MANY NEW PARTICLES ARE A REALISTIC
POSSIBILITY WITH A PLAUSIBLE TOP-DOWN MOTIVATION FROM
THEORIES WITH EXTRA DIMENSIONS, INCLUDING STRING THEORY

- A LARGE NUMBER OF NEW PARTICLES DOES NOT NECESSARILY
MAKE NEW PHYSICS EASIER TO DETECT, ESPECIALLY GIVEN THE
CURRENT BIAS IN THE TRIGGER TABLES TOWARDS HIGH ENERGY
EVENTS

- DISORDER AND HIGH MULTIPLICITIES HAVE NOT BEEN EXPLORED
MUCH AT THE WEAK SCALE, BUT THEY CAN GIVE RISE TO
INTERESTING NEW PHENOMENA (MAYBE A WAY TOWARDS
ANSWERING THE QUESTIONS THAT WE TRULY CARE ABOUT?)
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PAIR PRODUCTION CROSS
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PARTICLE MULTIPLICITIES

Ntot — b7 T, C?:LL787W7 Z?.g?’y

me € (100, 600
06 I I I I I I I I I I I I I I I I I 06 I I I I I I I I I I I I I I I I I
Z Bz
E 05' N=5 ] E 05' N=20
O i : O i
D04 N=50 Q04 _ N=50
G N TR ’
© 03 I Unstable ¢y ; © 0.3 Unstable ¢y
g —O0— g o g
-5 02' 1 -D 02'
% —e— : cQé [
— 0.1 ] — 0.1-
s L L ‘ ‘ S [
- I - I - I - I - I I I I I I_I—I —— . L . ]

2 4 6 8§ 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20




FINAL STATE PARTICLES
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