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Recent measurements of the inelastic and total proton-proton cross section at the LHC, and at
cosmic ray energies by the Auger experiment, have quantitatively confirmed fits to lower en-
ergy data constrained by the assumption that the proton is asymptotically a black disk of gluons.
We show that data op(p)p, 7" p, andK¥ p forward scattering support the related expectation
that the asymptotic behavior of all cross sections is flavor independent. By using the most re-
cent measurements from ATLAS, CMS, TOTEM and Auger, we predfift(\/s =7 TeV) =

982+ 2.7 mb, 02P(/s= 8 TeV) = 1006+ 2.9 mb, obP(,/s = 10 TeV) = 1045+ 3.1 mb,

and obP(/s = 14 TeV) = 1108+ 3.5 mb, as well as refine the total cross sectigif(\/s =

57 TeV) = 1396+ 5.4 mb. Our analysis also predicts the tatdln" cross sections as a function

of \/s.
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1. Introduction

Recent high energy measurements of the inelastic proton-proton cross section, made possi-
ble by the Large Hadron Collider (LHC) and a new generation of cosmic ray experiments, have
convincingly confirmed] indications P, 3, [, [5] in lower energy data that the total cross section
Ot behaves asymptotically as the squared log of the center-of-mass epgrggminiscent of
the energy dependence of Froissart’s unitarity bo@@d This energy dependence is now solidly
anchored to alppandpptotal and inelastic cross section measurements, from threshold data aver-
aged by finite energy sum rules, to the result at 57 TeV center-of-mass energy of the Auger cosmic
ray array[f].

The COMPETE Collaboration already proposed that this asymptotic behmyiorB log?(s/so)
applies to all hadron total cross sections, with a universal value of the coefi&|BT].

In order to empirically test this universality, th®p)p, 7" p, and K¥ p forward scattering
amplitudes are analyzed, and the valueB,adenoted respectively &, Brp, andBy p, were esti-
mated independentl]. The analysis was refine@[for Bkp. The resulting values are consistent
with the universalityBpp ~ By ~ Bk p, and thus, the universality & is suggested.

In this work we first update the analysis of thép)p, 71" p, andK ™ p data by including newly
measured LHC results as well as very high energy measurements based on cosmic ray data. We
also fit thep(p)n data at the same time. Subsequently, assuming the universdiifywef calculate

the 7T7 1" total cross section; " (s) at all energies.

2. Update of the fits t00iota)

2.1 Analysis of Forward p(p)p, 7" p, KT p, p(p)n Amplitudes

The crossing-even forward scattering amplitd@%ﬁ)(v), is given by the sum of Pomeron and
Reggeon (includind® trajectory) exchange terms, while the crossing-ﬁéi[ﬁ)(v) is given by a
single contribution from Reggeon (corresponding to vector-meson trajectories) exchange contribu-
tions. Here the subscrip&b andab represenab= pp, 1" p,K* p, pnandab= pp, ™ p,K~p, pn,
respectively. We consider the exchange degendsat@70)-, ay(1320)-trajectories for the crossing-
even Reggeon (tensor-meson) term anddhew-trajectories for the vector-meson term. Their
imaginary parts are given explicitly by

K)aT(O) .

b
mED W) = Y (@002 + cblog” + cav) 1 P
ImF,’(v) = (c2 log®— +ci"log— + ¢ ) + (

me
The intercepts are fixed wittir (0) = 0.542 ay (0) = 0.455, which is taken to be the same as the
Particle Data Groug]. In our analysisp2ab(s), the ratios of real to imaginary parts of forward
amplitudes, are fitted simultaneously with the datauﬁ‘lab. Real parts of the crossing-everdd
amplitudes are directly obtained from crossing symmetey (€"v) = +F ) (v)* as

(2.1)

v v ab .\ ar () mor(0
Re F\(v) = o (ci‘bJrZCS‘bloga) — BT? <E}> cot;() +F0). 2

We introduceF;;)(O) as a subtraction constant in the dispersion relati@h [



Total Hadronic Cross Sections Keiji Igi

V(TeV) 7 8 10 14 57
opP(mb) | 98.2(2.7) 100.6(2.9) 104.5(3.1) 110.8(3.5) 139.6(5.4)

Table 1: Predictedpptotal cross sections.

2.2 Updated Analysis Including LHC and Very High Energy Cosmic-Ray Data

For detail please see réfJ]. We estimate the value of the universal sldpas
B = 0.293+ 0.004at+ 0.0265ystmb . (2.3)

By using this value, we predict th@p total cross sections afs=7,8,10,14,57 TeV in Tabldl

3. The it Total Cross Section

3.1 Theoretical Predictions ofg; ™

We infer theg;; ™ (s) based on the analyses of forwapdp)p, 77 p, and KT p scattering
amplitudes. Based on the result of the previous section, we can pr{ﬁi@f at high energy. By
using the relatiors ~ 2Mv for ab=ap= pp,Kp, ip in high-energiesgaP?P(s) can be written in
the form

apa 2 S sap( S ar(0)-1 rap( S w1
Tor *P(s) = Blog SO+Zap+BTp<Sl> iﬁ\/p<sl) . (3.1)

The ¥ ' total cross sectiong/; " are expected to take the form

ot 2S s S ar(0)-1 s S w1
Lo S) = Blog™— +Znn+ () + () , 3.2
ot (S) g & ™ Br s By s (3.2)
whereB ands; are given by Eq37J).

In summary,atgfw(s) are predicted by EqB(@) with the parameterB.

3.2 Comparison with Indirect Experiments

There are no direct measurementsagfi’ at present, however, indirect data at low- and
intermediate-energy have been extracted in many papers which was recently updateldh ref.|
The result is given in Fidll

4. Discussion and Conclusion

Our predictions foo; ™ are shown along with the results of our best fitdgﬁfp andot‘ggp)p
in Fig.[2 The difference in normalization of these curves is determined b¥4heZpp > Zpnp >
Z, While their increase with energy is described by the universal valie of

Although challenging, the data am™ 71" collisions could be extended to higher energies ex-
ploiting high intensity proton beam accelerator beams planned worldwide, such as Prdj&t X |
of FNAL and J-PARC in Japafflf]]. At a later stage these may develop into muon colliders. As
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Figure 1: it" rr* total cross section (mb) versys. ot " (thick solid green) andrt’gt+ " (thick solid black).
Thin dashed lines represent the uncertainty figfi, which is the largest in the relevant energy region.

an example, Project X, a high intensity proton source proposed at Fermilab, would deliver proton
beams at energies ranging from 2.5 to 120 &Y &nd secondary pion beams wH{m) ~ 2— 15

GeV. A muon collider with Project-X-intensity pion beams would represemt &~ collider with

v/S=1 TeV and a luminosity of 1%cm 2/sec[IH, not quite sufficient, even for measuring the

large cross sections discussed here. Some manipulation of the secondary beams would be required.
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Figure 2: Total cross sections(mb) versys. Solid lines arepp, pp, i p, 7t p,  rh, " it from up-
to-down. pp, pp and m p, Tt p are our best fit, whileT 71", T ™ are our predictions. The dot-dashed
lines represent the upper(lower)-limit of our predictionso@;ﬁ(atgfﬁ). Dashed lines fop(p)p and
7T" p represent the uncertainties of our predictions which are obtained from the erramafZ,;;. For
pp we include the latest pp total cross sections, 98.0(2.5) m@ysat 7 TeV[Ig and 101.7(2.9) mb at

. . 17 .
\/S= 8 TeV[I] as big red circles; 1&31&tatfzosystilGGmubermb[Ia as an orange triangle (where only
statistical error is shown in the figure).
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