
Prospects of LHCf/ATLAS 
and RHICf/STAR



LHCf Neutron at pp 13 TeV
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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 
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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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Event Selection
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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 

6

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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ALFA near station: 3.9mm ! 6.1mm
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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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�+(1232) production

event rate [mHz] # events (2 d)
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

event rate [Hz] # events (2 d)
46.5± 1.3 8.0± 0.3 million

�+(1232) production
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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.
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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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p

p

n

π*

One-pion exchange and non-diffraction 
Differences in energy and positions 

3

Distance from beam center in LHCf plane [mm]
0 2 4 6 8 10 12 14 16

 e
ve

nt
s 

pe
r c

ol
liio

ns
 p

er
 b

in

0

0.5

1

1.5

2

2.5

3

3.5

4
3<10×

Signal
EPOS-LHC
QGSJET II-04
SIBYLL 2.3
PYTHIA 8.2 DL

Distance from beam center in LHCf plane [mm]
0 2 4 6 8 10 12 14 16

 e
ve

nt
s 

pe
r c

ol
liio

ns
 p

er
 b

in

0.5

1

1.5

2

2.5

3

3.5

4

3<10×

Signal + Background

MC true, 

CRMC v1.6 for hadronic interaction models

MonChER for one-pion exchange simulation
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Performance study using SPS
Joint beam test of LHCf Arm1 + ZDC was performed in 2021. 
Kondo-san confirmed the improvement of resolution to < 20% 
→ Kobayashi-san will present a study of the uniformity.  

12

ZCD
LHCf

Beam

LHCf-Arm1 ATLAS ZDC 

@Beam Test： 
　Proton beam（350GeV） 
   Electron beam (100-200GeV) 

1.7 λinela 4.5 λinela



Energy reconstruction of LHCf + ZDC

13

LHCfとZDCのエネルギー損失の相関
•  : LHCfで検出されたエネルギー損失の和 × 集光効率補正 × カロリメータ層ごとの厚み補正

•   : ZDCで検出されたエネルギー損失の和

ELHCf
EZDC

28

負の相関が見えた！

LHCf ZDC
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 Work in Progress 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MCで求めたパラメータを用い、中性子のエネルギーを再構成

ガウス関数のフィットによりエネルギー分解能を評価
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エネルギー分解能の評価
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LHCfのみ
σ/E = 50.4 %

LHCf + ZDC

σ/E = 19.2 %

LHCf-ATLAS 
 Work in Progress 
  SPS2021 
   proton 350 GeV/c

エネルギー分解能が 
　　　　大幅に向上！

Eest = ELHCf + α EZDC



Quick analysis of LHC data 

14

再構成した中性子エネルギー分布
旧手法と新手法で分布の形が明らかに変化→エネルギー分解能の向上がpp衝突実験結果でも確かめられた
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Operation in 2022 reconstructed neutron energy
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LHCf only 

LHCf + ZDC

No any correction  
applied yet.



Backup
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Citation: R.L. Workman et al. (Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 (2022)

p

n DECAY MODESn DECAY MODESn DECAY MODESn DECAY MODES Fraction (Γi /Γ) Confidence level (MeV/c)

pe− νe 100 % 1

pe− νe γ [l] ( 9.2±0.7)× 10−3 1

hydrogen-atom νe < 2.7 × 10−3 95% 1.19

Charge conservation (Q) violating modeCharge conservation (Q) violating modeCharge conservation (Q) violating modeCharge conservation (Q) violating mode

pνe νe Q < 8 × 10−27 68% 1

N(1440) 1/2+N(1440) 1/2+N(1440) 1/2+N(1440) 1/2+ I (JP ) = 1
2 (

1
2
+)

Re(pole position) = 1360 to 1380 (≈ 1370) MeV
−2Im(pole position) = 160 to 190 (≈ 175) MeV
Breit-Wigner mass = 1410 to 1470 (≈ 1440) MeV
Breit-Wigner full width = 250 to 450 (≈ 350) MeV

N(1440) DECAY MODESN(1440) DECAY MODESN(1440) DECAY MODESN(1440) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

N π 55–75 % 398

N η <1 % †

N ππ 17–50 % 347

∆(1232)π , P-wave 6–27 % 147

N σ 11–23 % –
pγ , helicity=1/2 0.035–0.048 % 414

nγ , helicity=1/2 0.02–0.04 % 413

N(1520) 3/2−N(1520) 3/2−N(1520) 3/2−N(1520) 3/2− I (JP ) = 1
2 (

3
2
−)

Re(pole position) = 1505 to 1515 (≈ 1510) MeV
−2Im(pole position) = 105 to 120 (≈ 110) MeV
Breit-Wigner mass = 1510 to 1520 (≈ 1515) MeV
Breit-Wigner full width = 100 to 120 (≈ 110) MeV

N(1520) DECAY MODESN(1520) DECAY MODESN(1520) DECAY MODESN(1520) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

N π 55–65 % 453

N η 0.07–0.09 % 142

N ππ 25–35 % 410

∆(1232)π 22–34 % 225

∆(1232)π , S-wave 15–23 % 225

∆(1232)π , D-wave 7–11 % 225

N ρ 10–16 % †

N ρ , S=3/2 , S-wave 10–16 % †
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∆ BARYONS∆ BARYONS∆ BARYONS∆ BARYONS
(S = 0, I = 3/2)(S = 0, I = 3/2)(S = 0, I = 3/2)(S = 0, I = 3/2)

∆++ = uuu, ∆+ = uud, ∆0 = udd, ∆− = ddd

∆(1232) 3/2+∆(1232) 3/2+∆(1232) 3/2+∆(1232) 3/2+ I (JP ) = 3
2 (

3
2
+)

Re(pole position) = 1209 to 1211 (≈ 1210) MeV
−2Im(pole position) = 98 to 102 (≈ 100) MeV
Breit-Wigner mass (mixed charges) = 1230 to 1234 (≈ 1232) MeV
Breit-Wigner full width (mixed charges) = 114 to 120 (≈ 117) MeV

∆(1232) DECAY MODES∆(1232) DECAY MODES∆(1232) DECAY MODES∆(1232) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

N π 99.4 % 229

N γ 0.55–0.65 % 259

N γ , helicity=1/2 0.11–0.13 % 259

N γ , helicity=3/2 0.44–0.52 % 259

pe+ e− ( 4.2±0.7)× 10−5 259

∆(1600) 3/2+∆(1600) 3/2+∆(1600) 3/2+∆(1600) 3/2+ I (JP ) = 3
2 (

3
2
+)

Re(pole position) = 1460 to 1560 (≈ 1510) MeV
−2Im(pole position) = 200 to 340 (≈ 270) MeV
Breit-Wigner mass = 1500 to 1640 (≈ 1570) MeV
Breit-Wigner full width = 200 to 300 (≈ 250) MeV

∆(1600) DECAY MODES∆(1600) DECAY MODES∆(1600) DECAY MODES∆(1600) DECAY MODES Fraction (Γi /Γ) p (MeV/c)

N π 8–24% 492

N ππ 58–84 % 454

∆(1232)π 58–82 % 276

∆(1232)π , P-wave 72–82% 276

∆(1232)π , F-wave <2% 276

N(1440)π 17–27% †

N γ 0.001–0.035 % 505

N γ , helicity=1/2 0.0–0.02 % 505

N γ , helicity=3/2 0.001–0.015 % 505
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