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Introduction
Motivation 
Several studies of joint analyses btw. LHCf + ATLAS are on-going now. These 
can be good inputs to RHICf + STAR joint analyses because these can be 
done in RHICf + STAR also. 

Contents  
Physics cases of LHCf + ATLAS joint analyses. 

• Central and forward correlation  

• forward and forward correlation (w/ ZDC, w/ RPs) 

Performance of LHCf + ATLAS ZDC. 

• Joint test beam at CERN-SPS  

• Very preliminary result from pp, √s=13.6 TeV operation in 2022
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Joint operation data set
LHCf + ATLAS 
Op 2015: pp √s = 13 TeV 

• Only 6 M events of common events 

• No ZDC and RPs jointed the operation  

Op 2022: pp √s = 13.6 TeV 

• Huge statistics of 300 M common events (all LHCf trigger events) 

• RPs (AFP and ALFA) and ZDC-HAD jointed the operation  

RHICf + STAR  
Op 2017: pp  √s = 0.5 TeV 

• RHICf was installed in the front of ZDC  

• RPs jointed in the last fill 
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Physics cases for joint operation
with Central Detector  
Measurement of diffractive collisions  
Properties of Multi-parton interaction  

with Roman Pots 
Single diffractive measurement  
Measurement of N(1440) and Δ(1232) 

with ZDC 
Improvement of energy resolution for neutrons to ~ 20% 
Measurement of Λ  (Λ → n + π0)  
One-Pion-Exchange process 

4



Simple diffractive study with ATLAS
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Joint analysis with ATLAS
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Figure 1: Ntrack distribution in data compared to several MC model predictions for events in which the
LHCf-Arm1 detected a photon (in the region A or B) with E� > 200 GeV. All distributions are normalized
to the total number of events. Black points indicate the measured spectrum and lines represent MC
predictions, folded with the tracking e�ciency of the ATLAS detector. Blue lines indicate the inclusive
distributions, red lines the contribution from the proton di↵ractive dissociation events, and green lines the
contribution from the single-di↵ractive events. The inserts show a zoom of the data and model predictions
at small Ntrack. For these models only events with one particle-level photon (E� > 200 GeV and within
the LHCf-Arm1 acceptance) are used. The LHCf simulation shows that most of the multi-photon events
are rejected by the photon selection criteria and the fraction of multi-photon events remaining as a single-
reconstructed photon relative to the total event yield is less than 2%.
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ATLAS-CONF-2017-075

• Event selection by Ntracks=0
 Ntracks: the number of tracks detected  
            by ATLAS inner trackers (|η|<2.5, pT > 100 MeV) 

Method

→ Selecting pure samples of proton dissociations. 
→ Sensitive to only low-mass dissociations　 
　 MX ≲ 50 GeV 

⇔ Large rapidity gap
Δη > 5

Identification of diffractive events by ATLAS
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Preliminary result
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Measurement of contributions of diffractive processes  
to forward photon spectra in pp collisions at √s = 13 TeV 

24

Preliminary result of the measurement for forward photons is published  
in a conference-note; ATLAS-CONF-2017-075

Inclusive photon spectra Photon spectra w/ Nch = 0 selectionEur. Phys. J. C (2017) 77 :212 Page 3 of 9 212
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Fig. 2 SD (pp → pX ; blue) cross section shown as a function of
log10 ξX . MC predictions with EPOS-LHC (magenta), QGSJET-II-
04 (blue dashed), SIBYLL2.3 (green), PYTHIA8212-SS (red dotted-
dashed), and PYTHIA8212-DL (cyan) compared with each other. The
comparison of low-MX SD cross section predicted by models is shown
in the inset

TeV, the PYTHIA8212DL model gives the best description
of the number of hits detected by the minimum-bias trigger
scintillators [27]. Therefore, the PYTHIA8212DL model was
employed in this analysis. The total inelastic cross sections
in p–p collisions at

√
s = 13 TeV implemented in each

model were 78.984, 80.167, 78.420, and 79.865 mb, corre-
sponding to EPOS-LHC, QGSJET-II-04, PYTHIA8212DL,
and SIBYLL2.3, respectively.

Given the model differences in the treatments of diffractive
components, not only the predicted diffraction cross sections
but also the diffractive mass distributions are important. Fig-
ure 2 shows the SD (pp → pX ) cross sections in each ξX
interval predicted by several models. The different spectral
shapes come from the different approaches to the diffraction
treatment implemented in the models. There are large dif-
ferences among models in both the high and low diffractive
mass regions. The flat distribution of SD cross section of the
SIBYLL2.3 model, which corresponds to a diffractive mass
distribution described as dM2

X/M
2
X [26]. The PYTHIA8212

model (SS pomeron flux) uses a treatment similar to that of
SIBYLL2.3 for the diffractive mass distribution [24]. In the
high diffractive mass regions, EPOS-LHC tuned dσ SD/d#η

[16] by comparing with the data of the ATLAS rapidity gap
distribution shown in [6]. The inset of Fig. 2 shows the low-
mass SD cross sections of each model in the ξX interval
−8.5 < log10(ξx ) < −5.5. The QGSJET-II-04 model uses
different transverse profiles for pomeron emission vertices
by different elastic scattering eigenstates [17,28]. This leads
to the larger cross sections in the low-mass regions at very
high energies.

4 Diffractive and nondiffractive contributions to the VF
photon, neutron, and π0 spectra

The LHCf collaboration has published several forward neu-
tral particle spectra at different collision energies, but no
hadronic interaction model can describe the LHCf results
perfectly [29–32]. To address the origin of the differences
between the experimental data and the model predictions,
separating the VF-triggered events to diffractive and non-
diffractive contributions is important.

In this analysis, all the events from each simulation are
classified into nondiffractive and diffractive collisions by
using MC flags, where the SD, DD, and CD events are
together treated as diffraction. It is noted that the SIBYLL2.3
model does not implement CD processes. The simulated VF
photon and neutron spectra are shown in the top four pan-
els of Figs. 3 and 4 for two fiducial areas, |η| > 10.94
(left) and 8.81 < η < 8.99 (right), respectively. Mean-
while, Fig. 5 shows the π0 pz spectra at the fiducial pT phase
spaces of 0 < pT < 0.2 GeV (left) and 1.2 < PT < 1.4
GeV (right), respectively. The spectra of total, nondiffractive,
and diffractive components of four MC samples are com-
pared with each other. In the bottom three panels of Figs.
3, 4, and 5, the ratios of the spectra divided by the EPOS-
LHC results are plotted separately for total, nondiffractive,
and diffractive components. Clearly, the nondiffraction and
diffraction implemented in each model are very different.
Especially, PYTHIA8212DL predicts the largest diffractive
contribution at high photon energies at |η| > 10.94 and in
the π0 pz spectrum at 0 < pT < 0.2 GeV. There is no
large difference between models of the neutron total spectra
at |η| > 10.94. In contrast, comparing the individual contri-
bution of nondiffractive and diffractive components, one sees
that the neutron spectra of EPOS-LHC and PYTHIA8212DL
are dominated by diffraction, but those of QGSJET-II-04 and
SIBYLL2.3 are dominated by nondiffraction at high ener-
gies. As shown in Fig. 5, SIBYLL2.3 predicts a larger con-
tribution for all components at 1.2 < pT < 1.4 GeV. It is
also found that the larger the value of pT is, the larger is the
contribution from all components predicted by SIBYLL2.3.
Additionally, in Figs. 4 and 5, neutron and π0 spectra of
EPOS-LHC and QGSJET-II-04 exhibit a bump or kink struc-
ture at ∼3 TeV. In the EPOS-LHC model, this structure is due
to the simple approach used for the pion-exchange process,
whereas in QGSJET-II-04 it is due to the selected kinematics,
the contribution to which is mainly from low-mass diffrac-
tion.

5 Identification of diffraction with central track
information

Because of the large differences found among different
hadronic interaction models, it is important to classify the
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Joint operation with RPs
Physics cases  
Single diffractive measurement  

• Measuring the scattered proton,  
the diffractive mass can be estimated event-by-event. 

• Can address the hadron production from a specific mass decay.  
cross-section = (diffractive mass spectrum) x (hadron production)  

Resonance measurement :  N (1440) and Δ (1232) 

• N : probe the very low mass diffractive process.
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ATLAS AFP and ALFA

ALFA : optimized for high-β* operation   
AFP : designed for operation in nominal pp runs 
Both the detectors were operated during the 2022 operation 
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Arm2Arm1

→ Feasibility study of LHCf + ATLAS RPs was done by an ATLAS PhD. student. 



Acceptance of RPs
Study the acceptance for protons using the MC simulation 
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Detector-Beam Distances During Run

Beam-based alignment: Detector positions determination before actual run

AFP near station: 5.2mm ! 6.5mm
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Acceptance for single-diffractive process
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Results with Updated Detector-Beam Distances
LHCf+AFP

Single diffraction
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17.7± 0.6 3050± 100

N(1440) production

event rate [mHz] # events (2 d)
13.6± 1.3 2350± 220

> Event rates still promising for all three cases
> Rates for LHCf+ALFA extremely low in comparison (see backup)
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scattered proton in AFP  
+  

Any particle with > 200 GeV in LHCf 

Large statistics events can be expected



Acceptance for N and Δ resonances
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Results with Updated Detector-Beam Distances
LHCf+AFP

Single diffraction
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scattered proton in AFP  
+  

pi0 in LHCf 

These event numbers are  
estimated assuming  
100% DAQ efficiency 

 
→ Statistics may be limited  

In addition, the combinatorial 
background may be a problem  

for this analysis.



Physics case with ZDC
Improvement of energy resolution for neutrons  to 20% 
↔ LHCf/RHICf alone : ~40%,  (~30% with event selection) 
General improvement of neutron diff. cross-section measurements 

Measurement of Λ 
Λ can be a good probe of strange baryon production  
Detection : Λ → n + π0  

One-Pion-Exchange measurement  
to study the p-π interaction 
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One-pion exchange and non-diffraction 
Differences in energy and positions 
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