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K.R.: Status and Prospects: Experimental tests of 
Low's theorem, EMMI RRTF 

Peter Braun-Munzinger 
- EMMI seminar, Feb. 2021, Soft photons, the 

Low theorem, and ALICE 3 
- Quark Matter 2022 student lecture  

Martin Völkl, 
Prospects for testing Low’s theorem with ALICE3 

https://www.sciencedirect.com/science/article/pii/S0370157324003478
https://indico.cern.ch/event/1186492/contributions/4985433/attachments/2486790/4576424/2022-08-01-fct-emmi-rrtf-exp-status-soft-photons.pdf
https://indico.cern.ch/event/1186492/contributions/4985433/attachments/2486790/4576424/2022-08-01-fct-emmi-rrtf-exp-status-soft-photons.pdf
https://indico.cern.ch/event/1186492/contributions/4985433/attachments/2486790/4576424/2022-08-01-fct-emmi-rrtf-exp-status-soft-photons.pdf
https://indico.gsi.de/event/11946/
https://indico.gsi.de/event/11946/
https://indico.cern.ch/event/895086/contributions/4630036/attachments/2420215/4142494/2022_QMstudent_pbm.pdf
https://indico.cern.ch/event/1139676/contributions/5049484/attachments/2512383/4318781/2022-Sep-21Voelkl.pdf
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Motivation for the ALICE 3 Forward Conversion Tracker
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High time for new experiment(s)!

Soft photon puzzle:  
Striking discrepancies between predictions and experimental measurements. 

No agreement exists on their possible origin, despite > 40 years of research. 

Last measurement: 2006 and 2008 (DELPHI) 

Significant progress in detector technology in the meantime
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The ALICE 3 Forward Conversion Tracker (FCT)
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11 consecutive silicon disks 
with monolithic pixel trackers 

Dipole magnet with a magnetic 
field of ~ 0.25 T 

Pseudorapidity range: 4 < η < 5 

Cost: ~ 5 M CHF
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A soft photon detector – basic considerations 
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The Low divergence: defining the observable 

The photon production amplitude has a pole whenever p·k vanishes:
<latexit sha1_base64="jE7RKLFt4s87rQu6DRnodD03HeM="></latexit>

pk = ωE → |εk ||εp| cos ϑ For E ≈ p:

In the rest frame of the charged particle: 
Photon energy must be much smaller than the mass of the charged particle to 
approach the Low limit.
In the laboratory frame: 
Low limit is approached for θ → 0. Implies divergence for kT → 0.

transverse momentum 
of the  photon w.r.t. the 
direction of the charged 
particle

<latexit sha1_base64="hlOLzOSNSYjZzKWIm4GPiTOiiLU="></latexit>
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Leading power expression for Low photons:

V.N. Gribov, "Bremsstrahlung 
of hadrons at high energies”,  
Sov.J.Nucl.Phys. 5 (1967) 280
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A soft photon detector – basic considerations 
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kT w.r.t. the beam axis or jet axis as a proxy

WA91/102 (fixed target experiments): measured photon kT w.r.t. 
beam axis 

DELPHI (e+e– → n jets): measured photon kT w.r.t. jet axis

Typical pion (pT ≈ 400 MeV/c) with θ = 20 mrad: γ ≈ 142. 
Most likely photon emission angle: θγ ≈ √3/γ = 12 mrad

For WA91/102 taking the kT w.r.t 
to the beam axis and not w.r.t the 
particle direction does not have a 
major effect.

WA91/102: Excess concentrated at θ < 20 mrad

WA102, pp, pbeam = 450 GeV/c
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A soft photon detector – basic considerations 
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Low photon measurement at midrapidity w.r.t. a charged trigger particle? 

e+ e–

jet

jet

γ

DELPHI ALICE 3?

p p

jet

jet

γ

Need to study decay photon background 
from π0’s and η’s of the underlying event
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Low photon measurement at midrapidity w.r.t. a charged trigger particle? 
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A DELPHI-style measurement in pp at η ≈ 0 is not feasible with ALICE 3
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- –0.5 < η < 0.5 
- pT > 5 GeV/c 
- charged

photon:  
- θmax = 5° w.r.t. trigger 

particle 
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inner 
bremsstrahlung 
(“Low photons”)

Low photons overwhelmed 
by decay photons

pp collisions: PYTHIA 8 (Monash tune)

decay photon 
background

Low photons

w.r.t. trigger particle
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A soft photon detector – basic considerations 
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Making use of the “Jacobian peak” is essential
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4 < η < 5, pp@13 TeV

<latexit sha1_base64="3nx2aPfGFrME/DL1AUfGXTovfjA="></latexit>
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The inner bremsstrahlung signal 
dominates over the decay photon 
background for pT ≲ 5 MeV/c.

Neutral pion with pT,pion = 0: 
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A soft photon detector – basic considerations 
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The 1–10 MeV/c kT range is only accessible at forward rapidities

Eγ = 100 MeV: easy

~ 32 cm

tracking layers in a 
dipole magnetic field 
(B = 0.5 T)

γ

Eγ = 20 MeV: not so easy

γ reconstruction via conversions:

Need to measure photons at η ≈ 4–5 to reach 
sufficiently low photon pT. 

Requires dipole magnetic field for accurate  
e± momentum reconstruction.

<latexit sha1_base64="7/Rj4Vf1GJgl+5vGjurnUHKZtLo="></latexit>
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Eω = 100MeV:

<latexit sha1_base64="ccJYMaI/dbVNNsqQrRB0kvI9MUQ="></latexit>

pT =
Eω

cosh ω
, cosh ω → 10, 27, 74 for ω = 3, 4, 5

Photon conversion measurement possible 
for Eγ ≳ 50–100 MeV.
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A soft photon detector – basic considerations 
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Effective background suppression is key to a successful measurement

Main background sources: 

Decay photons (π0, η → γγ) 

External bremsstrahlung from e±  
(from photo conversion and primary e±) 

Decay photons of π0’s and η’s 
produced in secondary interactions
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A soft photon detector – basic considerations 
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A useful pocket formula for the background from photon conversions

<latexit sha1_base64="itrUGRYC7FT85KPwjU1eH4obR/o="></latexit>
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Background of external bremsstrahlung from conversations of decay photons 
increases quadratically with the material in front of the photon detector.

confirmed by full GEANT simulation to 
be an accurate approximation 

Need to minimize material in front of the photon detector.

“EMMI RRTF paper": 
Anomalous soft photons: Status and 
perspectives,  
Physics Reports 1097 (2024), 1–40”

https://www.sciencedirect.com/science/article/pii/S0370157324003478
https://www.sciencedirect.com/science/article/pii/S0370157324003478
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Simulation studies for the ALICE 3 FCT

13

In the absence of background suppression, the signal is overwhelmed

signal
sec. interactions
ext. bremsstrahlung

ext. bremsstrahlung

sec. interactions

decay photons

decay photons
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Simulation studies for the ALICE 3 FCT
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Background reduction strategies

Pointing angle cut – require reconstructed photons to point to the vertex 

Cut on the distance to the closest charged particle track at the entrance of the 
FCT. Removes external bremsstrahlung produced relatively close to the FCT so that 
corresponding charged track is still close to bremsstrahlung photons. 

Window in the beam pipe to reduce material budget 

RICH to veto events with e± (like DELPHI). Studied extensively, but turned out to be 
hard to realize.

Pointing angle and track proximity cuts are not sufficient; 
a beampipe window is necessary.
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Simulation studies for the ALICE 3 FCT
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Relative background contributions by detector component
cosh 5 ≈ 74
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Simulation studies for the ALICE 3 FCT
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Background reduction with a conical beampipe
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Simulation studies for the ALICE 3 FCT
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Material budget: standard vs. conical beampipe

standard beampipe conical beampipe
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Simulation studies for the ALICE 3 FCT
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Relative background contributions by detector component 
(conical beampipe)
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Simulation studies for the ALICE 3 FCT
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Low photons: Reasonable significances with cuts & conical beampipe 

No enhancement: 
2–4 σ significance

× 4 enhancement: 
10–14σ significance

S/B ≈ 0.1–0.2 
(no enhancement)

Significance 
assuming material 
budget known to 5%

Pointing angle cut and cut on 
distance to closest track applied
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Simulation studies for the ALICE 3 FCT
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Photon kT γmeas/γbrems
S/B 
(γbrems/γbkg)

pp 
CERN,WA102, 
OMEGA

kT < 20 MeV/c 
(0.2 < Eγ < 1 GeV)

4.1 ± 0.8 0.38

e+e− → n jets 
CERN, DELPHI

kT < 80 MeV/c 
(0.2<Eγ <1GeV)

4.0 ± 0.3 ± 1.0 0.036–0.013

ALICE 3 kT < 10 MeV/c ? 0.1–0.2

ALICE 3 FCT: Similar or improved signal-to-background ratio for Low 
photon measurements compared to previous experiments



The ALICE 3 forward Conversion Tracker | EMMI Soft Photon Day | May 2025 | K. Reygers

Further ideas for background reduction
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Measuring the background from the ALICE 3 IRIS tracker

Soft photon measurements in both open and closed configurations of the 
IRIS tracker can assist in background reduction.
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Further ideas for background reduction: Measuring the background from the ALICE 3 IRIS tracker
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Closed IRIS tracker configuration

Closed position: 
configuration for 
standard data taking
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Further ideas for background reduction: Measuring the background from the ALICE 3 IRIS tracker
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Open IRIS tracker configuration

Measures photons in  
open and closed 
position to determine 
background from 
IRIS tracker 
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Conclusions
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ALICE 3 Forward Conversion Tracker + dipole magnet the the LHC  
→ access to ultra-soft photons (low-kT regime) 

Signal/background ratio: comparable or better than previous experiments. 

Conical beampipe essential; no RICH needed behind FCT. 

Expected significances for ultra-soft photon measurements (1 ≲ kT ≲ 4 MeV/c): 
- 2–4 σ (no enhancement) 
- 10–14 σ (× 4 enhancement) 

Further improvements underway.


