COHERENT COLLIDERS AND OTHER TH,O JGHT EXPERIMENTS
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® Coherent Colliders

® s It easier to detect GUT-scale GWs or to builld a GUT-scale collidere

@ A new use of existing colliders (it fime permits)
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Conceptudlly, colliders are a terrible way to explore high energies
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TOY MODEL

¢ Colliding Particles

X Heavy Particles
that we want to produce




TOY MODEL




EXPERIMENT

We prepare our thought experiment in a coherent state




EXPERIMENT

For simplicity | imagine that
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EXPERIMENT

So that a classical description holds

O(t) = ¢« cos(mgt)

(Assuming spatial isotropy for simplicity)




EXPERIMENT

dd; Yk(2) + [Ax 4+ 2q cos(22)| xx(z) = 0
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EXPERIMENT

dd; Yk(2) + [Ax 4+ 2q cos(22)| xx(z) = 0

Mathieu Equation
(standard in many fields, for us important for preheating atter inflation)




EXPERIMENT

You produce an exponentidlly large number of parficles up to







This 1s well-known tfor photons (Schwinger effect)
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This 1s well-known tfor photons (Schwinger effect)
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1()10 photons to make an electron-positron pair




How do we do It In practicee




Not with colliders
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" Causality










DETECTOR |




DETECTOR I

LASER

Un ~ E5V5

Uin i PinwL




DETECTOR I

Mbx = M}.LSE—I—FeXt




DETECTOR I




DETECTOR I

M — o0

ox = Mhx + Fovt

0Tsig ~ hx ~ const
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THE BEST POSSIBLE SENSITIVITY

IN this [imit [ can ignore noise from the test mass and focus on the signal (and
noise) photons that | can detect
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GW Energy Density: Q.(f,)
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GW Frequency: f, [Hz

Metastable Cosmic String
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CASE I: QUADRATIC SIGNALS

by, 0 X (L (w)Eplw)) =







Awd
Detector Bandwidth

J\




In albbsence of a signal,
the detector is empty (classically
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In albbsence of a signal,
the detector is empty (classically)
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But we have one quantum of noise
from vacuum fluctuations




QUADRATIC SIGNAL
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Signal Energy
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QUADRATIC SIGNAL
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Maximum power
from Poynting’s theorem




QUADRATIC SIGNAL
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CASE II: LINEAR SIGNALS

Eh E() X h W E()w
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CASE II: LINEAR SIGNALS

Awd
Detector Bandwidth
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CASE II: LINEAR SIGNALS

In abbsence of a signal,
the detector is not empty
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NARROW LINEAR SIGNAL
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QUADRATIC vs LINEAR
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CRAZY SQL

Extreme concepts: Quantum-Limated
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QUADRATIC vs LINEAR

QUADRATIC LINEAR
noise — / noise — £ 9
int int TTW

We can gain a lot
from
quantum technigues




LINEAR

IN principle
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CRAZY BEYOND SQL
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CONCLUSION

Classical Quantum
100 MHz GW iy 0 S
Laser Power 1077 W 10 W\/tim
LIGO-sized interferometer
GUT-scale 06
Collider 10°° J ¢

(Emagnets = 8kJ)

Energy in the magnets R ~ R@
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charged
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Roughly ~ 10 charged
fracks in a 100 GeV |ef



Dijet event
~20x 3 =60

kinematical variables




N NGO

Possible signals

N > 1
But unknown




B AT TR

N NGO

And this does not even include:
1) All particles from Pile Up
2) The growth at 13 TeV

3) All the hits in the tracker from
tracks that don’'t look “normal”
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N NGO

And this does not even include:
1) All parficles from Pile Up
2) The growth at 13 TeV

3) All the hits in the fracker from
tracks that don’'t look “*normal”
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And this does not even include:
1) All parficles from Pile Up

2) The growth at 13 TeV

3) All the hits in the fracker from
tracks that don’'t look “*normal”




THE DREAM

Raw daota  =———> Dr. Black Box —»  New Physicse

£x

' - ' PETEU
&) h ..?p .o -.'&"./'.""' W e




THE PROBLEMS

Row data  =——>

Dr. Black Box —»  New Physicse
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THE PROBLEMS

Row data  =——>
LOOk-

SINSVIEIE —»  New Physicse
effect
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LOOK-ELSEWHERE EFFECT

= How many qualitatively different

Flexioility signals you're sensitive to
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LOOK-ELSEWHERE EFFECT

Flexibility

Look-elsewhere
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LOOK-ELSEWHERE EFFECT

Flexibility % NPLM

¢ LDA (unsupervised clustering)

Look-elsewhere
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THE INTRINSIC DIMENSIO
OF COLLIDER EVENIS
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INTRINSIC DIMENSION
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INTRINSIC DIMENSION

’)" - —— Distance between reference point and its I-th nearest neighbor




INTRINSIC DIMENSION




INTRINSIC DIMENSION

Tj Under mild assumptions

r; the PDF can be derived analytically




INTRINSIC DIMENSION




WHY?

7”‘ o Earth Mover's Distance
] —

[Komiske, Metodiev, Thaler '19]

AS you vary | and | you are exploring non-trivial
features of the kinematics
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THE INTRINSIC DIMENSION
AND NEW PHYSICS

[RTD, A. GLIOTI, G. RIGO, A. VALENTI, In preparation]
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ONE EXAMPLE

SM: pp = WZ — uu jj

SIGNAL: — pp — xT x5 = WHZx"x" = ut ™ jix"x"

But we do not cluster jefts |




PRELIMINARY RESULTS
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Intrinsic Dimension
(@)

SM, detector, unclustered
----- SM+ 5.5% MSSM-3. detector, unclustered
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PRELIMINARY RESULTS

—  MOSSM-3 pythia
7 MSSM-3 delphes
——  MSSM-3 delphes, clustered

----- Simple counting

1.0 1.5 2.0) 25 3.0 35 40 45 5.0 5.5
Nominal oyssy/osm |70]




OLD PHYSICS

]. Use It on final states where the MC has been tested 1o

death
2. Test for time variations in LHC data (DQM)
3. Test the exact and approximate symmetries of the

Standard Model (CP, Lepton tlavor, Lorentz, ...)




This search takes single
particles as INnput and No
jets!







SIGNAL 1

SM: P — WtZ7Z — ,u+,u_e+u€

SIGNAL:  pp — X+X(2) — W+ZXOXO — ,u+,u_e+V€XOXO




PRELIMINARY RESULTS, SIGNAL 1

] = compressed

Intrinsic Dimension

2 = In-between

1 3 =very boosted

”1IOI_3 I IllOl_2 I Ill()l_1 I --1(-)0
Proportion of neighbors




PRELIMINARY RESULTS, SIGNAL 1

MSSM-1 partonic
h MSSM-2 partonic
MSSM-3 partonic

64 —==-- Simple counting




PRELIMINARY RESULTS, SIGNAL 1

10

MSSM-3 partonic
MSSM-3 detector

Simple counting




PRELIMINARY RESULTS, SIGNAL 1

10

m =0
m =1
m =9
m = 10
m = 20

Simple counting

MSSM-3

m noise particles




SIGNAL 2

SM: pp — 44 — 44

SIGNAL: - pp — Z — p = Zy,, 1, — 4




PRELIMINARY RESULTS, SIGNAL 2

7' model
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PRELIMINARY RESULTS, SIGNAL 1

19 - 7' parton
7" detector
104 ==--- Simple counting
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