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7, EXPTS AND  THENOMENOLOGY =

Otot = BlLg (s/se)t ,B= 0 308 b

l-lij.]l. 40.2: Total hadronic cross sceetion. Analytic S-imatrix and Regpe theory sugpest o variely of parameterizations of total eross sections
at high energies with ditferent areas of applicability and fits quality.

A ranking procedure, based on measures of dillerent. aspeets of the quality of the lits to the enrrent evaluated experimental database, allows
one Lo single ont the following parameterization of highest rank|[1]

o™ = 2% 4 Blog*(s/s0) + Yi"(s1/s)" = Vi¥(sa /)™, o™ = 2%+ Blogh(s/sa) + VIV (sa/8)" + Vi1 /)™

where 290 13, Y,-“" are in b, and s, 51, and sy are in GeVE The seales sy, $1, the rate of universal vise of the cross seetions 13, ad exponents
i and a7 are independent of the colliding particles. The scale s) is fixed at | GeVE Terms Z% 4 Blog®(s/s0) represent. the pomerons, The
exponents gy and i represent lower-lying C-even and C-odd exchanges, respectively, Requiving 1y = 12 results in somewhat poorer fits, In

addition to total cross seetions @, the measured ratios of the real-to-imaginary parts of the forward seattering amplitudes p = Re(7)/Im(7") were
inchuded in the lits by using s to 1 crossing symmetry. Global fits were made to the 2005-updated data Tor i(p)p, X7 p, ki p, KEp, yp, and 44
collisions.

Fixact Tactorization hypothesis in the form (200, ) = §. (200, 3), (277, 377) = A2 (200, 13) was nsed (o extend the universal rise of the
tatal hadronic cross seetions Lo the qp — hadrons and yy — hadrons collisions. This resulted in redneing the nummber of adjusted parameters
from 21 used Tor the 2002 edition to 19, and in the higher quality rank of the parameterization. The asymptotic parameters thus obtained were
then fixed and used as inputs to a fit to a larger data sample that included cross sections on deuterons (d) and neatrons (n). All fits included

data ahove /s = 5 GeV.

Fits to ilp) p, X=p, w¥p, K¥Ep, yp, vy Beam/ Fits Lo groups \Eddaf
Z Y) Yo Tarpet Z Y Yo 13 by gronps

45.45(48) 42.53(1.35) A3.34(1.04) P /o 45.45(48) A2.53(24) L) 0.808(10)

) 45.50(16) A0.15(1.59) B.00(06)  0.308(10) 1020

45.20(1.46) ~199(102) ~264(120) =i 46.20(1.41) ~ 190(K6) SUGA(12) 0.B08(10) 0.5

20.86(40) 19.24(1,22 G.03(19) at Iy 20.86(:) 19.24(18) G.3(0) 0.308( 10) 0,955
17.01(46) 7.1(1.5) 135.45(40) K 17.91(3) 7.14(20) AR 008(10)

N 17.87(6) O AT(H0) To28(28) (LJOR(10) 0464

0.0317(6) 4y 0.0320(40) 1.308(10) -

~0.61(62)E~3 v ~0.68(61)E~3 0.308(10) 0.766

N2 dof = 0071, B =0.308(10) mb, p)/d (4.35(38) 130(3) 86.5(1.3) 0.537(31) 1432

m = 0.458(17),  m = 0.545(7) it /d 38.62(21) 59.62(1.53) LG0(1)  0.461(14) 0.745

PROLUEE). /iSRRG K 33.41(20) 23.66(1.45) 28.70(37)  0.449(14) 0.814

'3 . . . . " . . 9 .

The fitved Tunetions are shown in the following fligures, along with one-standard-deviation ervor bands, When the vedueed (= s greater Lhin one,
ale Faetor has been included to evaluate the parameter values, md Lo draw the error bands. Where appropriate, statistical and systentic
weiphts Tor all fits, On the plots, only statistical error bars are shown, Vertical wrrows

i
errors were combined quadratically in constructing
fdicate Jower Himits on the g, of ey vange used inthe fis,

~ One can find the details of the global fits and vanking procedure, in the paper [H. Databiase is practically the same as for the 20040 edition (it
was sliphtly changed in the low energy regions not used in the fits). i :

Recently, the statement in [1] that the models with log?(s/sp) asymptotie tenms work mueh better than the models with log(s/s0) or (s/50)'
terms wis conlirmed in [2) and (3], based on matching traditional asymptotic parumeterizations with low energy datit i different ways. Both

. . ¥ v ' . . " 3 i

these references, however, questioned the statement in (1] on the universality of the coeflicient ol the log*(s/s0) term for all processes with nueleon
and garma targets. The two vefercnces give different [J.I'(E(tit:t.itllls at superhigh energies: a®y > o'y [2] ol afy ~ ‘.!{(Srr"‘\fN M.' A Iu"n.-ullvr
nniversality of @i has been recently advoeated in [4] Tor hadron-nuelens collisions. It should be noted that asymptotie rate nniversality in
acdron-denteron collisions has not been established ac available encrgies (see Table),

Computer-readable data files are available at http://pdg.1bl.gov/current/xsect/. (Courtesy of the COMPAS group, HIEP, Protvina,
August 2005)

On-line *Predictor” to caleulate @ and p for any energy [rom five high rauk models is also available al
http://nucll'.hU?_.phyB.ulg.ac.be/compete/predlccor.hl‘.ml.

References:

1. IR Cudell et al. (COMPETE Collah.), Phys. Rev. D65, 074024 (2002).
2, K. lgi and M. Ishida, Phys. Rev. D66, 034023 (2002), Phys. Lett. B622, 286 (2005).
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40. Plots of cross sections and related quantities
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12 0. Plots of cross sections and related quantities
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40. Plots of cross sections and related quantities
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CONTRADICTION 7

S.M. Roy, High energy theorems for strong interactions
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Fig. 4. The Serpukhov data of Bolotov et al. [B13, G1] on the np — n°n integrated cross section, and the experimental values [A1]
of the quantity (2m"lrr’)(ato[’ - omf) occurring in the bound (6.12) on the charge exchange cross section, The interesting
speculations raised by these data are discussed in section 6.3.

o :
loTp(s) — oT'p(s)| < ‘/"\Fonp—mo..(s)ln(zo : ‘,l) (6.10)
§— oo " s. m l'.ﬂ I
and
T oK Kb ) $
lol51(s) — ol < VORI ["(sgoxw-»_Ksp(s)) (6.11).

where g™ P70 and oKLP~Ksp denote the integrated #”p - w°n and K p - Kgp cross-sections
respectively, and s, is an unknown but constant scale factor.

The elementary bound (6.10) is violated by the present asymptotic parametrizations (6.8) and
(6.9) of the Serpukhov data [D2, D3, G1, Bl13], this indicates either that isotopic spin invariance
is violated at high energies, or that the present experimental parametrizations do not hold at
asymptotic energies,

ii) Roy and Singh [R3] have shown that, if isotopic spin invariance holds at high energies, then,

¢

- s

P~ Py Y e
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Fig. 5. The experimental values of the integrated K p - Kgp regeneration cross section “”(H*:'_{," are compared with the

§—* oo

y2 e

i T L 4 i Tp=aOng(g 6.12)
lim [67P(s) — o M .s)l\ € o lim o"P (s), (6
‘ tot tot \/Qmﬂ ks .

provided the above limits exist. _
Similarly, Finkelstein and Roy [F3] have obtained, if isotopic spin invariance holds at high
energies, then,

lim [o:f:'“(s) o M)
g~ o

< (1¥*/m,) lim /gKLp=Ksp (6.13)

§ = o0

provided the limits in (6.13) exist.

The results (6.12) and (6.13) also hold if the lim,_, ., on the right hand sides are replaced by
lim,_, ., sup, in the cases where 0™ P=7°0(s) and o¥LP= Ksp(g) have oscillatory behaviour for s - ee.

From the practical point of view, the bounds (6.12) and (6.13) constitute a rather satisfactory
substitute for the Pomeranchuk theorem. For example eq. (6.12) implies that, if the integrated
wN charge exchange cross-section vanishes for s =+ oo, !of‘;:"(s) — o™ P(s)] must also vanish for s - oo,
An analogous result for KN scattering follows from eq. (6.13). Experimentally, both g™ p=7°n(s)
and oKLP~Ksp(s) seem to be decreasing fast [G1, B10] with increasing s (see figs. 4 and 5), sug-
gesting that [o:';fi’(s) - o:’;ﬂ’(s)] and [ot'f;'“(s) — o:f;'"(s)] should also vanish for s - . For com-
parisons at high but finite energies we note that the inequalities corresponding to (6.12) and
(6.13) are expected to hold at such energies, only if 07P>7°n and gKLP~KsP do not vanish for
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Fig. 15. The ratio a¢ /Zel vs. the c.m. energy /5, in GeV, using a constrained Aspen model (it (QCD-inspired theory). The clastic cross section is
Te and Xy = atzmj 16nB. The dashed curve is for pp and the dotted curve is for fpp.

As expected from diffractive shrinkage, the first minimum of the 14TeV curve moves to lower |¢| than the first
minimum of the 1.8 TeV plot. Our new prediction at 14TeV for the first sharp minimum at |t] ~ 0.4 (Gc;a\//c)2 and a
second shallow minimum at |¢| ~ 2 (GeV /(.')2 should be readily verified when the LHC becomes operative.

In Fig. 15, the ratio gei/Ze is plotted against the c.m. energy V5, in GeV, where g, = fi)w(dad/d!)dt is the true
total elastic scattering cross section, while 2 = aﬁ“/( 161 B), which was defined by Eq. (56) in Section 5. We recall to
your attention that what is typically measured by experimenters is X1 and not the real a¢. From Fig. 15 we see that the
error made is ~ 5-10% for energies less than 100 GeV, being ~ 5% at the SppS, ~ 4% at the Tevatron and less than
1% at the LHC, and hence, the MacDowell-Martin bound [21], which states that ae/Ze 2 8/9, is clearly satisfied.

13.1.3. Rapidity gap survival probabilities

We now turn to some interesting properties of the Aspen eikonal, conczrning the validity of the factorization theorem
for nucleon—nucleon, yp and yy collisions. It was shown that the survival probabilities of large rapidity gaps in high-
energy jp and pp collisions are identical (at the same energy) for yp and yy collisions, as well as for nucleon—nucleon
collisions [52]. We will show that neither the factorization theorem nor the reaction-independence of the survival
probabilities depends on the assumption of an additive quark model, but, more generally, depends on the opacity of the
cikonal being independent of whether the reaction is n—n, yp or yy.

Rapidity gaps are an important tool in new-signature physics for ultra-high-energy pp collisions. Block and Halzen
[51] used the Aspen model (QCD-inspired eikonal model) to make a reliable calculation of the survival probability of
rapidity gaps in nucleon-nucleon collisions. We sketch below their arguments.

From Section 13.1, using Eq. (307), we write the inelastic cross section, Tinel (8), as

Tinel(8) = f [l —e—zll(b--")]dzi)‘. (313)

It is readily shown, from unitarity and Eq. (313), that the differential probability in impact parameter space b, for not
having an inelastic interaction, is given by

d? Pno illcl!l.‘ilic = e~ 2(hs) (314)
d2b
Because the parameterization is both unitary and analytic, its high-energy predictions are effectively model-independent,
if you require that the proton is asymptotically a black disk. :
As an example of a large rapidity gap process, consider the production cross section for Higgs-boson
production through W fusion. The inclusive differential cross section in impact parameter space b is given by
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Table 1. Upper bounds on the imaginary part Als,t) in the diffractio
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p Upper bound on Als,t)/A(s, 0) p Upper bound on Als, 1)/ AG, 0)
0 1.000 4,50 0.630
0.50 0,946 5.00 0.610
1.00 0.893 5.00 0.593
1.50 0.846 6.00 0.678
2.00 0.795 6.560 0.566
2.50 0,749 7.00 0,664
3.00 0.710 7.50 0.543
3.50 0.677 3.00 0.533
4,00 0.652 8.42 0.523
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pared with the experimental curve of (do/d1)/(do/dr) g versus 4(~1)do/d1) ;.q/0, in the diffraction peak region for =*p and n"p
elastic scattering. The quantities plotted in the theoretical and experimental curves are equal for purely absorptive and spin-inde-

pendent scattering. The data are from ref. [F6] in the lab-momentum range 6.8 to 13.0 GeV/e (see section 8).
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