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P R O L O G U E : T H E C R I S I S

WHY HAVEN’T WE SEEN NEW PHYSICS?

Deepest experimental tragedy wemust avoid:
Build a darkmatter factory butwe could not detect it
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What do I mean by this?

Case study: sleptons = spin 0 partners of leptons
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Scalar leptons ˜̀decay to fermionic darkmatter χ̃01
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Striking blind spot: more data does not guarantee discovery
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LHC could already be a darkmatter factory and we’d have no idea!
m(˜̀)∼ 100 GeV:σ(pp→ ˜̀˜̀)×L ∼ 730 fb× 140 fb−1 ∼ 100 000 events

ATLAS SUSY Summary Plots, LHC SUSY Cross-section Working Group
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections13TeVslepslep


What’s hindering sensitivity?
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What’s hindering sensitivity?

Fraction 
of events

mT2 variable

13 TeV
Soft 2L + ISR

13 TeV
2L 0 jets
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2L 0 jets
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WW → ℓ𝜈ℓ𝜈 BACKGROUND
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Heart of problem: fundamental obstruction of hadron collider physics

Desirable
Direct missing momentum &missing mass reconstruction

pmiss =
∑

initial

pi −
∑

final

pvisiblef ⇒ m2
miss = p2miss

Obstruction
Generic to Tevatron, LHC, HL-LHC, FCC-hh

pinitial(quarks, gluons) immeasurable

Consequence
Only transverse component pmissT measurable: lost information

pmissT = 0−
∑

final

pfinalT

Cannot discriminatemassless neutrinos ν vsmassive darkmatter χ
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Propose solution to long-standing open problem

[arXiv:1811.06465]
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https://arxiv.org/abs/1811.06465


Photon collisions (PbPb) as evidence for photon quantum self-interaction

[1702.01625]
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https://arxiv.org/abs/1702.01625


Photon collisions (PbPb) as bumphunt searches for new physics

[1607.06083]
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https://arxiv.org/abs/1607.06083


Photon collider (pp) cross-sectionsmake this interesting today
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Usual head-on 
proton–proton collisions

Photons from 
electric fields

p

p

Photons collide to 
make new particles 

Protons remain 
intact & deflected by 
LHC dipole magnets

Partons collide to
make new particles

σ(WW) ~ 140 pb
σ(100 GeV slep) ~ 0.73 pb

σ(WW) ~ 93 fb
σ(100 GeV slep) ~ 2.5 fb
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QED production of slepton pairs
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New kinematic info: initial state & full missingmomentum 4-vector

New mediators only need 
to carry electric charge

Missing momentum 4-vector 
from photon & lepton 4-vectors
→ Directly reconstruct DM mass 

Initial state 
photon 4-vectors 

from proton 
energy loss

Outgoing proton energy 
measured by forward detectors

Beam energy known

Central detectors measure 
lepton 4-vectors
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New kinematic info: initial state & full missingmomentum 4-vector

New mediators only need 
to carry electric charge

Missing momentum 4-vector 
from photon & lepton 4-vectors
→ Directly reconstruct DM mass 

Initial state 
photon 4-vectors 

from proton 
energy loss

Outgoing proton energy 
measured by forward detectors

Beam energy known

Central detectors measure 
lepton 4-vectors

Direct measurement of initial state & missing momentum 4-vector
Impossible in usual LHC collisions
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Creativity: using the LHC beyond its original design

Lepton

Lepton

New forward detector
e.g. AFP/CT-PPS

Central detector 
e.g. ATLAS/CMS

LHC beam pipe

Missing momentum 
from dark matter

p
p

220 m
220 m

New forward detector
e.g. AFP/CT-PPS

Ultra-peripheral collision
Electromagnetic interaction

ATLAS Forward Proton, CMS–TOTEM Precision Proton Spectrometer
Forward detectors inserted within mm of beam, already collected∼ 100 fb−1

Intact protons detectable when 150® Elossproton ® 1000 GeV
Use lepton triggers p`T > 15 GeV: ok for∆m(˜̀, χ̃01 )¦ 15 GeV gaps
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Missingmass: new Lorentz invariant impossible in conventional collisions
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Directly reconstruct dark matter mass: W2
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2

Next: add data points for landmark LHCmeasurement of pmiss &Wmiss
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Success: photon collider (lines) surpasses existing strategies (shaded)
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Unique sensitivity in region favoured by darkmatter & (g− 2)µ data
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Just the tip of an iceberg of world firsts @ hadron collider

New physics: not just complementary but essential to LHC discovery program.

New observables: initial state & complete missing momentum 4-vector.

Newwindows: QED for charginos,W′, stops, staus, vector-like leptons. . .

New detectors: ATLAS Forward Proton still commissioning.

New environment: extremely clean, nothing but pileup & detector noise.

New triggers: forward proton trigger independent of central detector.

New timing: dedicated detectors match proton with primary vertices.

New invariants: direct measurement of invisible systemmass.

Newmeasurements: γγ→WW guaranteed SM search.

New reconstruction: decay-independent mass measurement of parent.

New outreach: using light to reveal the darkness.
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E P I L O G U E

WHAT CRISIS?

“We are struggling to find clear indications that can point us in the right direction.
Some people see in this state of crisis a source of frustration.

I see a source of excitement because
new ideas have always thrived in moments of crisis.”

— Gian Giudice
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EXTRAS
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Example challenge: pileupmitigation

1812.04886
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https://arxiv.org/abs/1812.04886


What is the big picture data telling us?

Light sleptons favoured by global fits: best fit point of 11-parameter MSSM
Mastercode collaboration 1710.11091, see also GAMBIT 1705.07917
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https://arxiv.org/abs/1710.11091
https://arxiv.org/abs/1705.07917


Half empty or half full

Blind spots = limitations of existing strategies
Blind spots = exciting opportunities for new ideas

Opportunity for forward proton programme
Could be important discovery window
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Opportunities & challenges for

Rare SUSY
Colourless sparticles

Dark sector

Soft stuff
Particle identification

Trigger thresholds

soft, rare, quirky signals

THE SEARCHLIGHT IS SHIFTING 

Quirky creatures
Displaced difficulties

Long-lived exotica

L    H    C

Minimality

Unification

Naturalness

Colourful states

Light gluino & stops

WIMP dark matter

Energetic jets + MET 

from spectacular to subtle discoveries

Case study
Electroweak SUSY 
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Chargino–neutralino production: tough corridors due to SM backgrounds
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CMS 1801.03957, see also ATLAS 1803.02762
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https://arxiv.org/abs/1801.03957
https://arxiv.org/abs/1803.02762


Staus: currently no LHC sensitivity even inmost optimistic scenario
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CMS   (13 TeV)-135.9 fb

Left-handed scenario

CMS 1807.02048 hadronic & lepton tau analysis
Expect full Run 2 dataset results soon. Will not discuss staus further today.
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https://arxiv.org/abs/1807.02048


14 TeV cross-sections pp→ p(γγ→ X+X−)p

QED: fixed by mass & spin: V (spin 1), F (spin 1/2), S (spin 0)
Our MadGraph cross-sections consistent with plot above from [arXiv:1110.4320]
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https://arxiv.org/abs/1110.4320


New possibility: directly reconstruct darkmatter mass
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Variable from Harland–Lang et. al. [arXiv:1110.4320]
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https://arxiv.org/abs/1110.4320


New charged fermions: charginos χ̃±
Charged fermionic partners of the gauge and Higgs bosons

Neutralinos χ̃0 are neutral eigenstates — lightest one can be dark matter
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Sub-100 GeV Higgsino darkmatter: the ‘prompt–long-lived gap’
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[1712.02118, PUB-2017-019]
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https://arxiv.org/abs/1712.08119
https://arxiv.org/abs/1712.02118
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-019/


Chargino pair production: no LHC sensitivity for o�-shell W bosons

ATLAS-CONF-2018-042 (80 fb−1), see also CMS 1807.07799 (36.1 fb−1)
m(χ̃±1 ) = 105 GeV:σ(pp→ χ̃+

1 χ̃
−
1 )∼ 10 pb×100 fb⇒ 1 million events!

But blind due to formidable SMWW→ `ν`ν background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-042/
https://arxiv.org/abs/1807.07799

