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• Expected and unexpected frontiers

From a phenomenological perspective … 
Lagrangian
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• Expected and unexpected frontiers

S = ∫
T

−T
dt∫

L

−L
d3x {[(∂μϕ)(∂μϕ) − m2ϕ2] +[(∂μψ)(∂μψ) − M2ψ2]}+ϕ ⋅ g ⋅ ψ

+∫Bound,L,T
(ϕ∂μϕ)

known sector

unknown sector

For large M: 
“high energy frontier”
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“high energy frontier”

1
Δx

∼ E ≥ M

Long lasting sucess story

Search strategy

Increase energy find new things
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“high energy frontier”

… 

σ

Long lasting sucess story
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“high energy frontier”

… ?

Future:



Benjamin Koch; TU-Vienna 

• Expected and unexpected frontiers

S = ∫
T

−T
dt∫

L

−L
d3x {[(∂μϕ)(∂μϕ) − m2ϕ2] +[(∂μψ)(∂μψ) − M2ψ2]}+ϕ ⋅ g ⋅ ψ

+∫Bound,L,T
(ϕ∂μϕ)

known sector

unknown sector

For small M: 
“small coupling frontier”
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“small coupling frontier”

Search strategies

• High precision 
• Large statistics 
• Resonant  effects 
• Accumalative effects 
• Low background (null experiments) 
• …
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“small coupling frontier”

Prominent success

Neutrino oscillation Graviational wave detection
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“small coupling frontier”

Future

Neutrinos, graviational waves, dark matter,  
multi-messanger
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• Expected and unexpected frontiers

S = ∫
T

−T
dt∫

L

−L
d3x {[(∂μϕ)(∂μϕ) − m2ϕ2]

known sector

+∫Bound,L,T
(ϕ∂μϕ)

“Boundary frontier”
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“Boundary frontier”

Strategy:

Use dualities like AdS/CFT to study  
“theories in complicated regime (stongly coupled) 

in terms of 
other theories in simple limit (weakly coupled)
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“Boundary frontier”

success:

AdS/QCD AdS/CMT Information theory
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• Expected and unexpected frontiers

S = ∫
T

−T
dt∫

L

−L
d3x {[(∂μϕ)(∂μϕ) − m2ϕ2]

known sector

+surprise

“unexptected Experimental  
evidence frontier”
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“unexptected Experimental  
evidence frontier”

Strategy:

Be sceptical, but open for surprises

“How often have I said to you that when you have eliminated the impossible,  
whatever remains, however improbable, must be the truth?”

Sherlock 
Holmes
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“unexptected Experimental  
evidence frontier”

Prominent success

Röntgen: röntgen Penzias, Wilson: CMB
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“unexptected Experimental  
evidence frontier”

Prominent failure

Opera:  
Superluminal neutrinos = loose cable

Bicep2: gravitational waves = dust
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• X17 anomaly: Observation and interpretation: 
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• X17 anomaly: Observation and interpretation: 

Collide , some processes go through excited p + 7Li 8Be*

Most images in this section from Fornal Int. J. Mod. Phys. A 32 (2017) 1730020
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• X17 anomaly: Observation and interpretation: 

EM transition from nuclear spectroscpoy tables

on 2741 pages
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• X17 anomaly: Observation and interpretation: 

8Be* → 8Be

Measured  
coincident charged 

lepton pairs
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• X17 anomaly: Observation and interpretation: 

all as planned: “2741 + 1 pages”

+surprise!
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• X17 anomaly: Observation and interpretation: 

unexpected bump at large 
relative anglese+, e−

homogenous background
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• X17 anomaly: Observation and interpretation: 

MX ∼ 17MeV

Interpretation in terms of  
massive intermediate state … fits
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• X17 anomaly: Observation and interpretation: 

• Internal pair creation 
• External pair creation 
• Multiple lepton scattering 
• Nuclear interference 
• …

}
SM background:

BSM:

ϵe
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• X17 anomaly: Observation and interpretation: 

BSM:

ϵe

Type: “weak coupling frontier”

L ∼ LSM +ϵeψ̄ψγμA*μ −
1

4π
(F*)2 + M2

X(A*)2

numerous models …
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• X17 anomaly: Observation and interpretation: 

BSM:

ϵe

Most important paramters:
and MX

ϵe
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• Idea: Hard  processγ + γ

Usual background consider at least one soft   
from electric/magnetic background field

γ

e+e− e− e+

internal pair creation

γ Be

soft

hard

Bethe-Heitler process
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• Idea: Hard  processγ + γ

γ

e+e−

Be
hard

With two hard s the large angle distribution 
should change
γ

hard?

Where could the 
2nd hard  come from?γ
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• Idea: Hard  processγ + γ

   Intermediate state⇒
Where could the 

2nd hard  come from?γ

Two hard  
one intermediate state

γ
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• Idea: Hard  processγ + γ

   Intermediate state⇒
Where could the 

2nd hard  come from?γ

Two candidates
@ 11.35 MeV 

& 
 @ 3.03 MeV

4+

2+
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• Idea: Hard  processγ + γ

Conditions

1. Broad intermediate state 
2. Angular orientation of multiple moments 
3. Conservation con energy/momentum 
4. Realistic emission and conversion rate
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• Idea: Hard  processγ + γ

1. Broad intermediate state

A ≈ πt2 ≈
π
Γ2

area covered by first γ
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• Idea: Hard  processγ + γ

2. Angular orientation of radiation due to multiple moments

dPl0

dθ
∼ sin(θ) |al0 |2 | ⃗X l0(θ) |2 ,

θrel ± δθrel =
(144 ± 14)o for N = 3

(152 ± 11)o for N = 4
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• Idea: Hard  processγ + γ

3. Conservation con energy/momentum

m2
X = (q1 + q3)2 = 4(ΔM12)(E13 − ΔM12)sin2 ( θ

2 ),

For small asymmetries 
and large nuclear mass

p2
i ≫ (pi − pj) |2

i≠j ≫ m2,
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• Idea: Hard  processγ + γ

Results for 1-3

Too good to be true!

Kinematic relation

Jackson multipole region
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• Idea: Hard  processγ + γ

4. conversion probability = spoiler alert

Compare cross section to impact area estimated before:

σ ≈ 4π
α2

0

E2
CM

.

pγ+γ→e++e− ≈
σ
A

≈ 4
α2

0Γ2

E2
CM

≈ 10−5
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• Idea: Hard  processγ + γ

4. conversion probability = spoiler alert

pγ+γ→e++e− ≈
σ
A

≈ 4
α2

0Γ2

E2
CM

≈ 10−5

Expect huge  background, and strongly suppressed rateγ + γ
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• Idea: Hard  processγ + γ

Summary:
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• Conclusion

“… eliminated the impossible,  
whatever remains, however improbable, must be the truth?”

Simple hard  process from intermediate nuclear state  
seems to add to the list of excluded (“impossible”) 

explanations of the X17 puzzle

γ + γ

Question still open…
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Thanks!


