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CERN LHC, TOTEM Collab., June 26, 2011:
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Geometrical scaling (GS), saturation and unitarity
1. On-shell (hadronic) reactions (s,t, Q*2=m~2);

t €= b transformation: h(s,b) = fgo d/—t\/—tA(s, 1)

and dictionary:

2 Im h S
do/dt |,

absorptions

Gaussian

. pion clouding
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Invert the problem: Glauber — Wakaizume,

S. Wakaizume, Progress Theor. Phys. 60 (1978) 1050:

By using the Glauber multiple scattering theory, restore the
internal structure of the nucleon from the fits to the pp data..
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TABLE I: Two-component duality

ImAla+b—c+d) = R Pomeron
g—channel Z ARes Non-resonant background
t—channel Y ARegge |Pomeron (I =S=B=0; C =+1)
Duality quark diagram | Fig. 1b Fig. 2
High energy dependence|s®~!, a <1 a1




47 do

T
o1(s) = —ImA(s,t = 0); — = —S|A(s,0)[%; n(s);

!

i

tthr.~0 do d
Uel:/ —dt; o4, = or—o,;, B(s,t) :_In<E

tminz—s/?%oo dt dt

APB(s,t) = P(s,)£0(s,t)+1(s,t)+w(s,t) = o~ P(s,t)£0(s,1),

where P, O, f. w are the Pomeron, odderon
and non-leading Reggeon contributions.

a(O\C| + -
1 P O
1/2 f 0

NB: The S-matrixtheory (including Regge pole) is applicable to asymptotically
free states only (not to quarks and gluons)!



The Pomeron is a dipole in the j—plane

An(syt) = 2o [e " G ap) (s/50) ] = )

—imap(t)2 (S /30) e [G’(ap> + <L - m/Q) G(ozp)] .

Since the first term in squared brackets determines the shape of the cone,

one fixes
G (ap) = —apebrlor=1, (2)

where G(ap) is recovered by integration, and, as a consequence, the Pomeron
amplitude can be rewritten in the following “geometrical” form

ap S

Ap(s,t) = i——[ri(s)e" PPt —eprj(s)er or—t], (3)

bp So

where r5(s) = bp + L —im/2, r3(s)=L—ir/2, L=1In(s/sp).



The differential cross section of elastic (EL) proton-proton
scattering Is:

da_ | S 2cx (t)—2
— = = Aa B (t)n(t)? (—> ’

where Ag; is a free parameter including normalization. The
proton-pomeron coupling is: 3%(t) = ePt, where b is a free
parameter, b ~ 1.97 GeV~2. The pomeron trajectory is

ap(t) =1+ e+ a't, where € 2 0.08 and o/ ~ 0.3 GeV~2. The
signature factor is 7(t) = e~2%(%). its contribution to the
differential cross section is |1(t)|? = 1, therefore we ignore it in

what follows.



App(s t) = P(s,t)£0(s,t)+f(s,t)xtw(s,t) =g P(s,t)£0(s,t),

where P is the Pomeron contribution and O is
that of the Odderon.

P(s, >_2b_(rl(3)e’r1(8)[ap(t) 1]_€T2(3)6T2(8)[ap(t) 1y,

where r (s) =b+L-Y, (s) =L - m with
L=In %; ap(t) is the Pomeron trajectory and
a,b,sg and e are free parameters.



P and f (second column) have positive C-parity, thus entering in the scat-
tering amplitude with the same sign in pp and pp scattering, while the Odderon
and w (third column) have negative C-parity, thus entering pp and pp scattering
with opposite signs, as shown below:

A (s, t)gg = Ap (s,t) + As (s,t) £ [Aw (s,t) + Ao (s,1)], (1)

where the symbols P, f, O, w stand for the relevant Regge-pole amplitudes

and the super(sub)script, evidently, indicate pp(pp) scattering with the relevant
choice of the signs in the sum.

d

Ap(s,t) = dap {e_i”aP/ZG(ap)(s/s())aP} =

—imap ()2 (8 /30) ) [G’(ap) 4 (L —ir /2) G(ozp)} .
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The differential cross section of proton-proton single diffraction

(SD) is:

S - b , s 2ap(t)—2
= Asp[3 (t)Wz p(MX, t) (M_)2<> :
where W, P(M2,t) ~ FP(M2,1).
Similarly, the differential cross section of proton-proton double
diffraction (DD) process is:

d 3 IdIpDD
dtdM3 dM3

$50 >2ap(t)—2

= App WPP(M;Z(, t)WPp(Ma, t) (
: : VE I



Similar to the case ol elastic scattering. the double differential cross section

for the SDD reaction. by Reeee factorization. can be written as
o s T

where W,

d?a 31 [F"’(_?‘)]"z
dth.{. A7 sin” [rrcnp{l )2}

(s/MZ )72

- (1)
[”2(1 Ve, ) Wyt + 2m?2) /s

-_— — /8 ) — v . 2 FST.

21 L b "

1.2 are related to the structure functions of the nucleon and

- * . ') * - - ‘) -
W5 = WL For high M+, the W, » are Regee-behaved. while for small M5 their
5 X o Y
behavior is dominated by nucleon resonances. The knowledge ol the inelastic

form factors {or transition amplitudes) is crucial for the calculation of low-mass
diffraction dissociation,



Similar to the case of elastic scattering, the Dipole SD amplitude is
recovered by differentiation (for simplicity (we set sp = 1 GeV?)):

TDP — % T(S, L. Mz) — e—i'lra/ZSa[GlF2 + FéG + (L — I7I'/2)GF2],

where L = In(s/(1GeV?)) and the primes imply differentiation in

a(t).



The extrema (dip(s) and bump(s)) are calculated by a standard
procedure, i.e. by equating to zero the derivative of the cross
section:

d ZZ?'z — %(g)a (GF'+ F(LG + G')| [8F'G' + 4G (2LF' + F")

+HF(AL2 + 72)G + 4(2LG’ + G”)],

where L = In(s/sp)) and the primes imply differentiation in a(t).



Similar to the case of elastic scattering, the Dipole SD amplitude is
recovered by differentiation (for simplicity (we set s = 1 GeV?)):

Top = -3 T(s. t. M2) = e~ /29[ Fy + FLG + (L — in/2)GFa].

do
(19)
where L = In(s/(1GeV?)) and the primes imply differentiation in

a(t).
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Experimentally known fact [1] that the triple-pomeron coupling is nearly iIndependent of ¢, so that
Eppp(t) = gppp(0). Then for the f-dependent part of the amplitude of the SD process we have:

ASh(5, M2, @) - n(a)Gla) (s/M?), (12)

where the f-dependence resulting from gpp,;(f) s accounted by G(a). Then the f-dependent part of the
dipole pomeron amplitude Is obtained as:

ASL (s, M? a) = d%,qg(s, M? q)- e '®ai2 (sluz)‘ G'(a) +(Lsp- mz]c(a)] (13)

where
Lsp= ln[sle]. (14)

Then double differential cross section for the SD process resulting from the dipole pomeron ampli-
tude is:

d*osp _ 2 2 2\ 2802 pp oy e2
Ttd Mz AF ¢ (a)+2L;DG(a)G"(a)+Gz(a)(Lm+—))[ IM) o P (M*) (15)

where
oFP(M?) = o25(M?) + o (M) (16)



The resonanceless part Is given as:
1 -3
oy" (M?) = grepgrppl0) le)c(m. = oot (M%) [Mi)m : (17)

where 0y = 2.82 mb or 7.249 GeV-2 and

e-Mximg_ )
e MMy
Here 1%(M2) 1s included * tn o 5 (M3) to suppress 1t in the reglon M3 < (mp + mz)* where no dissocta-

tion occurs . A simple ¢-Independent form for the low-mass Pp total cross section containing resonance
contributions can be written as:

T(My) = mg = 1GeV-.

O¢ he(M?) = %Qm AFPM2T=0), (18)
with
Ji3iZ 2

7 (/- Reays (M3))? + (Smays (M3

where ay+ 1s the nucleon trajectory,
fih=0-ttw)3 (20)

and fo = 0.71 GeV®. The explicit form of the nucleon trajectory Is given in Refs. |3, 4). Resonances on this
trajectory appear with total spins J =5/2,9/2,13/2, ...
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NEW: Odderon and three-gluon exchange at large [t]:

Donnachie and Landshoff (Z. Phys. C2 (1972)55; arXiv 1112.2485; 1309.1292):
Quark counting ruresbeyond the dip=bump : G(t)\sim s/t* (PL B38 (1996)6317);

Transition from non-perturbative “soft” (exponential cone) to hard (power-like
behaviour, perturbative QCD, or quark counting rules) can be realized in dual

amplitudes with Mandelstam analyticity (DAMA) by using logarithmic (here, the
Odderon) trajectories.



1 - —a(s") — —a(t")
D(s,t) = / dz (5) (IT) | (7)

Here s’ = s(1 — z), t' = tr and g is a dimensionless parameter, g > 1. Only one,

leading trajectory was included and it was chosen in a simple, but representative form:

1+[‘3\/so—s)
1+B8s0 )’

a(s) =ap—vIn ( (8)



Conclusion

The origin and nature of the prominent structures in elastic proton
scattering is still not understood. Diffractive dissociation may clarify it.

Thanks you the invitation to this Femtoscopy Week



