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Differential elastic cross section

Talk by S. Giani, PP elastic nuclear elastic scattering, ...
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Differential elastic cross section

S. Giani, PP elastic nuclear elastic scattering, ...
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Differential elastic cross-sections
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An observation

Phys.Lett.B 856 (2024) 138960

Toa(s) = [tu|/|ta]

" W dip bump ratios
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An observation
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Bump/Dip behaviour

o pp TOTEM

pp ISR

TOTEM extrapolated
Fit of pp (exp+const)
pp ISR

pp UA4

pp DO
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HEHS

R=R; +a, -exp(b0 - \s)
Ry =177 £001
a,=40 £24
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V.M. Abazov [TOTEM and DO] PRL 102 (2020) 062003 (Royon odderon paper)



ISR - a bit of history

Nuclear Physics BS9 (1973) 231-236 North-Holland Publishing Company

GEOMETRIC SCALING, MULTIPLICITY DISTRIBUTIONS
AND CROSS SECTIONS
S

J DIAS DE DEUS
The Niels Bohr Institute, Unwversity of Copenhagen, Copenhagen, Denmark

Receiwved 8 March 1973

Abstract From a geometric picture of hadrons as extended objects we.arrive at some universal
features of high energy collisions In this approach the mean multiplicity, as a function of §
and the KNO scaling function arc universal and asymptotically the ratio gejastic/9total 1S
cxpected to be the same for all processes
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Cross-sections

Impact parameter space (Barone, Predazzi):

l |l Ae \
Oel = / d*b ‘1—6_9(8,b)+’i><(8,b)‘27
Otot = 2/d2b Re [1 — e_Q(S’b)HX(S,b)] |
Oinel — /de [1 — {6_9(517)‘2} .



Geometric scaling

s, 0) = Q(b/R(s))

Opacity is a function of one varible,
and R(s) grows with energy. Changing variable

b— B =b/R(s)

Oine] = RQ(S)/dQB {1 o }6—9(3)}2}
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Immediate consequences
Ol = /dzb ‘l—e_Q(S’b)HX@’@

Otot — Q/dzb Re [1 — e_Q(S’b)JFiXW’)] ’

Oinel = /de [1 — ‘6—9(8>b)|2} .
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Immediate consequences '

0e =R*(s) / B |1 — B
Orot =2R%(5) / d’B Re [1 — e~ UB)]

_ :RQ(S)/dQB [1 _ |€—Q(B)|2]

If we neglect x (indeed p parameter is small),
then all cross-sections have the same energy
dependence.
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Scaling at the LHC?
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Momentum space

Ta(s,t) = /de e "7, (s, b)

00 2T
_ % A>T (s, b) / dipeibacosy
0 0

o0

— W/deTel(S: b)JO(bQ)°
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generates dips
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Momentum space '

SUtot(S) — 21Im Tel(s, 0) Construct amplitude that exhibits GS,
gives correct energy dependence of Ttot

- 2
el(Sv t))

1
Ta(s) = A7 52 /dt
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Momentum space

So'tot(s) — 92Im Tel(S, 0) Construct amplitude that exhibits GS,

gives correct energy dependence of TOtot
(5) = g [ dt [Tu(s.t)|
Oel(S) = t|lals,t

47r32/ ’ ) e ~

Tu(s,7) ~ isR?(s)®(7)

T = |t| R*(s)

- /

Ttot(S) ~ RQ(S)



Geometric scaling at the ISR ™

Nuclear Physics B71 (1974) 481—-492

SCALING LAW FOR THE ELASTIC DIFFERENTIAL CROSS
SECTION IN pp SCATTERING FROM GEOMETRIC SCALING™

A.J. BURAS and J. DIAS de DEUS

The Niels Bohr Institute, University of Copenhagen,
DK-2100 Copenhagen ¢, Denmark

Received 6 December 1973

Abstract: Plots of (llofn)doel/d |t ] = @(r, s} as a function of T =17 | gj; are shown to scale in
the NAL-ISR energy region. Such scaling is shown to be a consequence of geometric
scaling for the inelastic overlag function G, (8 = b’/ o) in the limit p = Re4/ImA4 -0
and in the case of o, ~ ( Ins)® is equivalent to the scaling proposed by Auberson,
Kinoshita and Martin. A possible relation to the KNO multiplicity scaling is indicated.

T = oinel(8) [t| = R*(s)[t] x const.



Geometric scaling at the ISR

Vol. B9 (1978) ACIA PHYSICA POLONICA No 2

DIPS, ZEROS AND LARGE |7/ BEHAVIOUR OF THE ELASTIC
AMPLITUDE

By J. Dias pE Deus*

Physics Department, University of Wuppertal, Germany and CFMC-Instituto Nacional de Investigagao
Cientifica, Lisboa, Portugal

AND P. KRrOLL

Physics Department, University of Wuppertal

{ Received September 9, 1977 )

Ttot(S) ~ Rz(s)
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Geometric scaling at the ISR

dUel
dt 471‘82

1 / db2 Ta(b/ R(5))Jo (by/=T)
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B = b/R(s)

4
1 4 > 2 i
a0 /O B2 Ty (B)Jo(B+/7)

= R(s5)®%(7)

T = —tR*(s)

R(5) = 0ot (8) ~ Oinel(5)



Geometric scaling at the ISR

T = oimel($) [t| = R*(s)[t] x const.
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do /dt

Geometric scaling at the ISR
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Ratio method

da'el 1 dael
W7 Ti — (W7 TZ)
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Ratio method ~
10
;§ . 6251235 g 05
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_1_5: ................... ]

The fact that geometrical scaling is violated in the dip region has been attributed
to the Vanlshlng of the imaginary part of the scattering amplitude at t5. Whatever small the real part of
the amplitude is, it takes over in the vicinity of tq4 £ At. For |t — tq| > |At| it is the imaginary part that
dominates, and geometrical scaling is restored [14].

[14] J. Dias de Deus and P. Kroll, Acta Phys. Polon. B 9, 157 (1978)
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The fact that t,,,,/tq;, = const. implies: 7 = f(s)
tain (W) = (0.732 + 0.003) x (W/(1 TeV))~0-168620.0027 |

! \ tburnp(W) = 1.355 x tdip(W) )
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Scaling at the LHC — first step ™
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Bump and dip positions are superimposed. Now we have
to superimpose bump and dip values.



Bump/Dip behaviour
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Hope for scaling bo=(-6.7 £1.6) 107 GeV’!
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V.M. Abazov [TOTEM and DO] PRL 102 (2020) 062003 (Royon odderon paper)
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Momentum space

So'tot(s) — 92Im Tel(S, 0) Construct amplitude that exhibits GS,

gives correct energy dependence of TOtot
(5) = g [ dt [Tu(s.t)|
Oel(S) = t|lals,t

47r32/ ’ ) e ~

Tu(s,7) ~ isR?(s)®(7)

T = |t| R*(s)

- /

Ttot(S) ~ RQ(S)
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Momentum space ‘
So'tot(s) — 92Im Tel(S, 0) Construct amplitude that exhibits GS,

gives correct energy dependence of Otot
and satisfies crossing

Tu(u,t) ~ Tu(—s,t) = T%(s,t)

Tel(S, t)

|2

1
7al(s) = 47 52 /dt

~

Tu(s,7) =isR*(—is)® ||t| R*(—is)]



|dentifying Real and X
lmaginary parts

Use rapidity: ¥ =1Ins  observe —is = eV=m/2 3nd expand

R%(—is) — R (y ~ zg) ~ R (y) —is

As a result, one gets:

Im Ty (s, 7)= sR*(y) D[]
T dR*(y) d

Fouls.r) = 57
Re Ty (s, T) 55 I dr

J. Dias de Deus, “On the Real Part of a Geometrical Pomeron,” Nuovo Cim. A 28, 114 (1975)
J. Dias de Deus and P. Kroll, “Dips, Zeros and Large |t| Behavior of the Elastic Amplitude,” Acta Phys.Pol. B 9 (1978), 157



|dentifying Real and X
lmaginary parts

Use rapidity: ¥ =1Ins  observe —is = eV=m/2 3nd expand

R%(—is) — R (y _ zg) ~ RY(y) — il

As a result, one gets:

Im Ty (s, 7)= sR*(y) D[]

: dR*(y) d
ReTu(s,7) = 55 d;” — (70[7])

parameter free prediction!
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Parametrizations of sigma_tot ®

COMPETE@PDG2010

S s\ M s\ ™
ofPC(5) = Z + C'ln? (8_0) +Yi (3_1) - Y5 (5—1)

Donnachie & Landshoff
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Dips and bumps

Function ®|7] has a zero, which corresponds to a dip

o0

IIIlTel(T) :27rsR2(s)/dBQImTel(B).]o(B\ﬁ) ~ SRQ(S)CI)(T)

0

For a hard disc one can compute this integral analytically
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d(1), d(r O(7))/dt
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Dips and bumps ‘
(I)[Tdip] =0— ImTel(S,Tdip) =0
- T dR?*(y) d
Re Tel(S,Tdip) = 85 dy( )dT(I)[Tdip]
d .
E(I)[Tbump] — 0 —Im Tel(S, Tdip) = SR2<y)(I)[Tbump]
~ T dR?*(y
Re Tw (s, Taip) = S5 dy( )CD[Tbump]
4 ) ,
dg/dt(tbump) — ¢ 1+ 102 (y) Co = (I) [Tbump] 5
do/dt(tay) — P*(y) (Taip =@ [Taip))

- J
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A. Donnachie(Manchester U.), PV. Landshoff(CERN) Phys.Lett.B 296 (1992) 227-232



b
Total elastic cross section

Assuming GS holds everywhere

=gy [0 [ (552 for (G >]
- Riff’) (1+cp*() x / drd°[7] / ’ /dT(I)Q[]

* ISR: rhois very small, does not influence energy behavior
 LHC: rhois larger but almost constant, does not change
energy behavior either



Total elastic cross section

Assuming exponential diffractive peak (no dips and bumps)

Oel (S) Otot (S)
O'tot(S) B(S)

Works within a few %. However, if oo:(s) # B(s)
GS is violated.

Asymptotically (M.M. Block, Phys. Rept. (2006))

Otot(8)/B(s) — const.
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Summary

Bump to dip position ratio is constant from ISR to LHC
Universal scaling variable 7 ~ ow:(s) [t| = R*(y) |¢|

rossing an nd expansion
Crossing and GS and expansio 2By

i3 (y N ’%) ~ R(y) ~ i3 dy
Parameter free prediction for rho parameter
Dip and bump structure understood in terms of
sig_tot and its derivative
Main properties of total and differential cross-sections
at all energies in the dip — bump region
explained from a simple and intuitive picture based on GS

But still approximate, total elastic x-section is not
reproduced ==mmmm) GSV at small ¢




