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✦ Introduction
‣ Motivation of measurement of diffractive contribution to LHCf 

results 
✦ MC study for diffraction identification.
‣ Methodology of diffraction selection
‣ Efficiency and purity of diffraction identification by common data
‣ Low mass diffraction selection

✦ First ATLAS-LHCf joint analysis.
‣ Data analysis method
‣ Systematic uncertainties 
‣ Results

✦ Summary  



Motivation

3

✦ Discrepancies between data and model predictions for the forward photon 
spectra in pp √s = 13 TeV collisions.

✦ The excess of PYTHIA8 at E>3TeV due to over contribution from diff. processes.
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✦ Measurement of forward neutral energy spectra is important for 
verifying and improving the hadronic interaction models (widely used to 
simulate the cosmic-ray air showers).
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Pomeron flux options in PYTHIA

Diffractive mass distribution
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❖ Large discrepancy exists between models, especially, at low mass.
❖ Approaches to the diffraction treatment, implemented in the models 

are different, data is essential to constrain the parameters. 

ξx = (M(x)/√s )2  ~ e-Δη
ΔηPomeron

Eur. Phys. J. C77:212(2017)
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✦ LHCf and ATLAS cover different 
diffractive mass range,

✦ Rapidity gap measured by ATLAS 
allows to distinguish the low mass 
diffractive contributions. 

Detector acceptance

• Trigger efficiency (only for SD)
• Trigger condition of LHCf

Photon:  Eγ > 200GeV
Neutron: En > 500GeV

• ATLAS
Pass MBTS hit selection
Nhit>2

M(x)<5GeV
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Δη Rapidity gap

Diffraction identification by ATLAS-veto

LHCf triggered events

|η|<2.5&PT>100MeV
Number of tracks

Ntrack 　　　　　　　    

Diffraction-like Non-diff.-like

ATLAS veto:

Ntrack = 0 Ntrack = 0
✦ Rapidity gap measured by 

ATLAS to distinguish the 
events triggered by LHCf to 
diff.-like or non-diff.-like 
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Performance of ATLAS-veto selection

7

①Diffraction 　

②Events selected by 
ATLAS-veto

③Diffractive events 
identified by ATLAS-veto

④Non-diff. events
mis-identified by 
ATLAS-veto (②-③)

efficiency = ② / ①
purity = ③ / ②

② & ③ are 
mostly consistent

ATLAS-veto enable diffraction selection with high purity
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Performance of ATLAS-veto selection

8
ATLAS-veto enable diffraction selection with high purity
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Figure 4.16: The distribution of the reconstructed positions of single photons entering
the two of ⌘ regions, 8.99 > ⌘ > 8.81 and ⌘ > 10.94.

of neutrons would be a broad L90% distribution with a peak expected to be larger

L90%. Figure 4.17 shows an example of L90% distribution by the detector simulation

with QGSJETII-04. Photons and neutrons having photon energies from 700 GeV to

800 GeV entering ⌘ > 10.94 are selected in Fig. 4.17. Photons and hadrons are clearly

separated at L90% ⇠ 20. However, the separation of two components becomes worse

for the high energy region. Therefore, the selection e�ciency and purity of photons

have to be determined for each energy bin. The true number of photons is able to be

calculated by multiplying a factor, p/✏ where p and ✏ represent purity and e�ciency,

respectively, to the measured number of photons in each energy bin. Although the

selection e�ciency can be determined by MC simulations, the purity depends on the

photon-hadron ratio of the data.

Pure L90% distributions of photons and hadrons are obtained by the detector simu-

lation with QGSJETII-04, and they are called the photon and the neutron templates,

respectively. Measured L90% distributions at the each energy range are fit with the

photon and the neutron templates. Two parameters to scale photon and neutron

templates vertically are set as free parameters for the template fitting. Figures 4.18

and 4.19 demonstrate the result of the template fitting in several energy ranges. As

shown in Fig. 4.18 and 4.19, template fitting is able to reproduce the measured L90%

distribution nicely in the wide energy range with these two parameters.

77

Region A

Region B

✦ Incident positions of photons on the LHCf-
Arm1 calorimeter towers (region A and B) 
were reconstructed for the analyses.

• A:             η > 10.94 and Δφ=180°
• B:  8.99 > η > 8.81 and Δφ=20°

✦ Photon energy larger than 200 GeV.

Eur. Phys. J. C77:212(2017)
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Low mass diffraction

❖ The inefficiency parts of ATLAS-veto are non-diff. and high 
mass diff..

❖ ATLAS-LHCf can access the low mass diffraction region, with 
high detection efficiency, experimentally. 9
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Data used for ATLAS-LHCf joint analysis
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✦ Common data acquisition with low luminosity configuration 
(3-5×1028 cm2 s-1).

✦ Data taken at 22:32 - 1:30 (CEST) on June 12-13, 2015 during 
pp collisions at √s = 13 TeV

✦ Data used for this analysis corresponding to 0.191 nb-1 

hardware
signals

LHCf 

Final trigger

Final trigger

L1ID

ATLAS

DATA record

DATA record

Beam condition
β*=19m
μ=0.01~0.03
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✦ The contribution of non-diff. events at Ntrack = 0 is less than 2%.
✦ Most of the 2% are contamination of this analysis form non-zero charged 

particle events due to inefficiency of the track detection.  
✦ 20% contribution of Ntracks = 0 in data while 5-20% predicted by models.
✦ SIBYLL2.3 and QGSJET-II-04 predict very small contribution of DD process 

to Ntrack=0.
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Analysis method
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N’ALL(E) = CMHall(E) CPIDall(E) Nw/o sel(E) x (1 - Rbkg,1)

N’ch>0(E) = CTrack(E) CMHtrk>0(E) CPID trk>0(E) Nw/trk>0(E) x (1 - Rbkg,2)

CPIDall, CPIDtrk>0 : PID correction factor  
CMHall, CMHtrk>0: Multi-hit rejection correction factor (MC base)  
CTrack: Correction factor of ATLAS inner track detection (MC base)

✦ Photon spectra for two samples: w/o selection on 
ATLAS tracks Nw/o sel(E), and w/ ATLAS-veto 
selection Nw/trk>0(E)

✦ Unfold the photon spectra for all inclusive events

✦ Unfold the photon spectra with at least ONE reconstructed track 
in InDet.

N’ch=0(E) = N’ALL(E) - N’ch>0(E) 

✦ Calculate the photon spectra with no charged particle at |η|<2.5



Results: Photon spectra
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✦ Comparison between data w/ Nch = 0 and model predictions
‣ EPOS-LHC show a good agreement with data.
‣ PYTHIA8212DL is a good agreement at the region of 8.81 < η 

< 8.99.

ATLAS-CONF-STDM-2017-02
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Results: Spectra ratios N’ch=0(E) / N’ALL(E)
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✦ At η>10.94, the ratio of data increased from 0.15 to 0.4 with 
increasing of the photon energy up to 4TeV.

✦ PYTHIA8212DL predicts higher fraction at higher energies.
✦ SIBYLL2.3 show small fraction compare with data at η>10.94.
✦ At 8.81 < η < 8.99, the ratio of data keep almost constant as 0.17.
✦ EPOS-LHC and PYTHIA8212DL show good agreement with data 

at  8.81 < η < 8.99.
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Summary
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✦ Diffraction is one of the poor constraint parts of the hadronic 
interaction models -> ATLAS-LHCf joint analysis.

✦ The efficiency and purity of diffractive event identification by 
ATLAS-LHCf joint analysis were estimated.

✦ ATLAS-veto can select the low mass diffraction.
✦ The diffractive contribution to the forward photon spectra were 

measured by ATLAS-LHCf joint analysis for the first time.
✦ EPOS-LHC show a good agreement with data on both spectra 

and ratio results.


