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Basic ideas 

�  Secondary anti-protons that we find in Cosmic Rays outside the Earth 
atmosphere are produced mainly in interactions between primary 
protons and α-particles and the inter-stellar gas (mainly H and He) 

�  The anti-proton energy of interest for current studies is of the order of       
10-100 GeV 

�  The corresponding energy of the primary interacting protons which 
produce anti-protons in this energy range is roughly 10 times greater, 
i.e. up to a few TeV (interaction with H or He at rest) 

 
�  Proposal: use the SMOG-LHCb system to inject He at rest at IP8 to 

measure the anti-proton production cross section for the 
    p(6.5TeV) – He(rest) 
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Disclaimer 

�  We are not members of the LHCb Collaboration so 
information used in our simulations come from 
“private” discussion with LHCb people 

�  We have formally presented our proposal to the 
Collaboration and we are waiting feedback about 
feasibility from the LHCb Management 
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The LHCb detector 
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LHCb PID 
Int. J. Mod. Phys. A 30 (2015) 1530022 
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LHCb RICH performances 

p-He cross-section Workshop - 06 July 2015 

6 

  

Eur. Phys. J. C (2013) 73:2431 Page 13 of 17

hypothesis, it is removed in the next iterations. These modi-
fications to the likelihood minimisation dramatically reduce
the CPU resources required.

The background contribution to the event likelihood
is determined prior to the likelihood algorithm described
above. This is done by comparing the expected signal in
each HPD, due to the reconstructed tracks and their assigned
mass hypothesis, to the observed signal. Any excess is used
to determine the background contribution for each HPD and
is included in the likelihood calculation.

The background estimation and likelihood minimisation
algorithms can be run multiple times for each event. In prac-
tice it is found that only two iterations of the algorithms
are needed to get convergence. The final results of the parti-
cle identification are differences in the log-likelihood values
! log L, which give for each track the change in the over-
all event log-likelihood when that track is changed from the
pion hypothesis to each of the electron, muon, kaon and pro-
ton hypotheses. These values are then used to identify parti-
cle types.

5.2 Performance with isolated tracks

A reconstructed Cherenkov ring will generally overlap with
several others. Solitary rings from isolated tracks provide a
useful test of the RICH performance, since the reconstructed
Cherenkov angle can be uniquely predicted. A track is de-
fined as isolated when its Cherenkov ring does not overlap
with any other ring from the same radiator.

Figure 14 shows the Cherenkov angle as a function of
particle momentum using information from the C4F10 radi-
ator for isolated tracks selected in data (∼2 % of all tracks).
As expected, the events are distributed into distinct bands
according to their mass. Whilst the RICH detectors are pri-
marily used for hadron identification, it is worth noting that
a distinct muon band can also be observed.

Fig. 14 Reconstructed Cherenkov angle as a function of track momen-
tum in the C4F10 radiator

5.3 PID calibration samples

In order to determine the PID performance on data, high
statistics samples of genuine K±,π±, p and p̄ tracks are
needed. The selection of such control samples must be in-
dependent of PID information, which would otherwise bias
the result. The strategy employed is to reconstruct, through
purely kinematic selections independent of RICH informa-
tion, exclusive decays of particles copiously produced and
reconstructed at LHCb.

The following decays, and their charge conjugates, are
identified: K0

S →π+π−, #→pπ−, D∗+ → D0(K−π+)π+.
This ensemble of final states provides a complete set of
charged particle types needed to comprehensively assess the
RICH detectors hadron PID performance. As demonstrated
in Fig. 15, the K0

S, #, and D∗ selections have extremely high
purity.

While high purity samples of the control modes can be
gathered through purely kinematic requirements alone, the
residual backgrounds present within each must still be ac-
counted for. To distinguish background from signal, a likeli-
hood technique, called s P lot [30], is used, where the invari-
ant mass of the composite particle K0

S,#, D0 is used as the
discriminating variable.

The power of the RICH PID can be appreciated by con-
sidering the ! log L distributions for each track type from
the control samples. Figures 16(a–c) show the correspond-
ing distributions in the 2D plane of ! log L(K − π) versus
! log L(p −π). Each particle type is seen within a quadrant
of the two dimensional ! log L space, and demonstrates the
powerful discrimination of the RICH.

5.4 PID performance

Utilizing the log-likelihood values obtained from the con-
trol channels, one is able to study the discrimination achiev-
able between any pair of track types by imposing require-
ments on their differences, such as ! log(K − π). Figure 17
demonstrates the kaon efficiency (kaons identified as kaons)
and pion misidentification (pions misidentified as kaons), as
a function of particle momentum, obtained from imposing
two different requirements on this distribution. Requiring
that the likelihood for each track with the kaon mass hy-
pothesis be larger than that with the pion hypothesis, i.e.
! log L(K − π) > 0, and averaging over the momentum
range 2–100 GeV/c, the kaon efficiency and pion misidenti-
fication fraction are found to be ∼95 % and ∼10 %, respec-
tively. The alternative PID requirement of ! log L(K−π) >

5 illustrates that the misidentification rate can be signifi-
cantly reduced to ∼3 % for a kaon efficiency of ∼85 %. Fig-
ure 18 shows the corresponding efficiencies and misidentifi-
cation fractions in simulation. In addition to K/π separation,
both p/π and p/K separation are equally vital for a large
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Fig. 17 Kaon identification efficiency and pion misidentification rate
measured on data as a function of track momentum. Two different
! log L(K − π) requirements have been imposed on the samples, re-
sulting in the open and filled marker distributions, respectively

Fig. 18 Kaon identification efficiency and pion misidentification rate
measured using simulated events as a function of track momentum.
Two different ! log L(K − π) requirements have been imposed on the
samples, resulting in the open and filled marker distributions, respec-
tively

Fig. 19 Proton identification efficiency and pion misidentification rate
measured on data as a function of track momentum. Two different
! log L(p − π) requirements have been imposed on the samples, re-
sulting in the open and filled marker distributions, respectively

Fig. 20 Proton identification efficiency and kaon misidentification rate
measured on data as a function of track momentum. Two different
! log L(p − K) requirements have been imposed on the samples, re-
sulting in the open and filled marker distributions, respectively

Fig. 21 Pion misidentification fraction versus kaon identification efficiency as measured in 7 TeV LHCb collisions: (a) as a function of track
multiplicity, and (b) as a function of the number of reconstructed primary vertices. The efficiencies are averaged over all particle momenta
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The SMOG system 

�  SMOG: System to Measure 
the Overlap integral with Gas 
¡  It is part of the luminosity 

measuring system of LHCb 
¡  LHCb can measure the 

luminosity both with Van Der 
Meer scan and with the Beam 
Gas Imaging system 
÷ Measure interaction vertices 

between the circulating beam 
and the residual gas present at 
the interaction point  

¡  SMOG is a small system used to 
inject gas inside the beam pipe 
at IP8 to measure the 
luminosity with BGI method 
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Proposal to use SMOG 

�  From the basic idea (O. Adriani, NPQCD 2015 
Meeting, Cortona, 20-22 April 2015) to our proposal  
¡  use SMOG to inject He gas 

÷  Is it feasible? Can He be used? 
¡  use LHC p(6.5 TeV) beam to study p+He reaction 
¡  use high-performance particle ID by LHCb to study anti-

proton production 
÷  Is the rate reasonable enough? 
÷ How much data taking should last? 
÷  Is the LHCb detector able to measure anti-p in the interesting 

range? 

�  We started to address some question with a rough 
and preliminary simulation study 
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Preliminary simulation studies 
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�  Rough estimate of cross-section 
�  Is LHCb acceptance likely to be adequate? 

 
�  First studies done with Pythia 8.205 

¡  107 p-p collision simulated with SoftQCD:All  
¡  √s = 110.5 GeV 
¡  Detector acceptance cuts introduced according to information 

provided by G. Passaleva 
÷  2.5 ≤η≤4.5 
÷  p > 10 GeV/c (to allow PID) 

p (6.5 TeV) p (rest) 

p 

θ 

𝜂=−ln (tan𝜃/2 ) 
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Some numbers and global results 

Nint = 107 (simulated) 

L= 6x1027 cm-2 s-1 

à Integral acceptance = 13 % 

(Average multiplicity = 0.34  𝑝   / ev) 

(Average multiplicity = 0.044 𝑝  passing cuts / ev) DAQ time (eff=1) ∼ 10h 

PYTHIA OUTPUT: TOTAL 

PYTHIA OUTPUT: AFTER CUTS 

INPUT 

ESTIMATED 

σpp
tot = 47 mb Νp (tot) = 3.4 x 106 

 

σppà p X(tot) = 0.27 x 47 mb ≈ 13 mb 

σppà p X(acc) = 0.043 x 47 mb ≈ 2  mb 

is assumed (a better 
estimation can be provided 
by the LHCb collaboration) 

Then we expect an increase of roughly a factor 4 in p-He with respect to p-p. 
Simulations for p-He will be implemented using other models. 

p-He cross-section Workshop - 06 July 2015 

Νp (acc) = 4.4 x 105 

10 



Detector acceptance (pt vs η) 

After cuts 
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Acceptance in pt 

Including angular and total momentum cuts 
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Detector acceptance (p vs η) 

??? 
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Pbar energy spectra 

After cuts 
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Antiproton detection efficiency (E) 

Considering all cuts 
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Measurement of differential cross section in E 
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Statistical uncertainties 
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Preliminary simulation of p-He 

�  First results based on QGSJET II-04 with CRMC 1.5.3 
�  No flags/cards modified: default simulation 
�  Simulated 107 interactions 

�  Same cuts? 
¡  Cut in acceptance:  2.5 ≤ η ≤ 4.5  or maybe possible up to 6? 
¡  Cut in momentum: p > 10 GeV/c  (to allow PID) 

p (6.5 TeV) He (rest) 

p 

θ 
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Comparison: Pythia 8.205 vs QGSJET II-04 

QGSJET II-04 
PYTHIA 8.205 

p-p   2.5<𝜂<4.5  
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p-p vs p-He spectra 

pp         𝟐.𝟓<𝜼<𝟒.𝟓  
pHe      𝟐.𝟓<𝜼<𝟒.𝟓  

Normalized to the 
same DAQ time 
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σpp
inel=39.9 mb 

 
σpHe

inel=127.3 mb 
 

QGSJET II-04 with the 
“standard” angular cut 
 

1.33 x 106 
3.55 x 105 
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pp         𝟐.𝟓<𝜼<𝟒.𝟓  
pHe      𝟐.𝟓<𝜼<𝟒.𝟓  
pp             𝟐.𝟓<𝜼<𝟔.𝟎  
pHe       𝟐.𝟓<𝜼<𝟔.𝟎  

p-p vs p-He: possible extension of the 
pseudo-rapidity coverage (?) 

Normalized to the 
same DAQ time 

p-He cross-section Workshop - 06 July 2015 

σpp
inel=39.9 mb 

 
σpHe

inel=127.3 mb 
 4.10 x 106 

1.06 x 106 

1.33 x 106 
3.55 x 105 

21 



Summary 
�  The possibility to measure the p-He differential cross section with SMOG-

LHCb is really an excellent chance to improve the precision of calculations 
of the expected secondary pbar spectra in CR 

�  The measurement looks to be feasible in a reasonable time from 
preliminary simulations using the Pythia 8.205 and QGSJET II-04 models 

�  Several technical items should be addressed by LHCb before final 
claiming of feasibility 
¡  Is He injectable? 

¡  How well the gas pressure can be measured? à this impact on the cross-section precision 

�  Possible additional or future measurements can be studied 
¡  Identification and measurements of gamma and positrons in the p-He 

collisions? 

¡  pbar production in the standard p-p collision? 

¡  pbar production in p-H collisions? 
p-He cross-section Workshop - 06 July 2015 
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Backups 
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Measurement of differential cross section in 
pt 
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Statistical uncertainties 

10% 

20% 
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Most up-to-date calculations 

Figure 9. Our reference model compared to 
AMS preliminary pbar/p data. Blue solid 
(dashed) line: the pbar/p spectrum computed 
with the fiducial cross sections from [14], with 
(without) the hardening in the proton and helium 
injection spectra. The blue band reports the 
uncertainty associated to the production cross 
sections. 

http://arxiv.org/pdf/1504.05175v1.pdf 

REF. 5 REF. 6 

Fig. 2 constitutes our summary and best 
determination of the astrophysical pbar/p ratio and 
its combined uncertainties, compared to the new 
(preliminary) Ams-02 data. The crucial observation 
is that the astrophysical flux, with its cumulated 
uncertainties, can reasonably well explain the new 
datapoints. Thus, our first —and arguably most 
important— conclusion is that, contrarily to the 
leptonic case, there is no clear antiproton excess 
that can be identified in the first place, and thus, at 
this stage, no real need for primary sources. 

C. Evoli et al. 
G. Giesen et al. 
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