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Outline

Cern and Fermilab (1960 to 1990)

Data from 19 to 1800 GeV
Example: /s = 44.699 GeV
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Phenomenology

Description of scattering for small |¢]|

Nuclear plus Coulomb amplitudes
FCtN(s, t) = FC(s, t)e™®D 4 FN(s t) |
Coulomb part :
FE = (=/4) 77 Firon

with the proton electromagnetic form factor
Foroton = (0.71/(0.71 +|¢]))? .

® (s, t) is the relative phase and FN(s, t) is the complex nuclear
amplitude.
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Phenomenology

Description of scattering for small |¢]|

Differential cross section

do

7 = 7FN (s, 0)2 = m|FE(s, )01 FY (s, 0)+iF (s, 1)

For small angles : exponential forms
FN(s,t) ~ F}(s,0)eB7/2 1 iFN(s,0)eBrt/?
Usually Bgr and By are treated as equal . However

Br # B

(Need to generalize the Coulomb phase )
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Phenomenology

Differential cross section parameters

Optical theorem
Im FN(s,0)
c=———""
s

Four parameters p, 0,Bg and B, describe do/dt :

do poebaldz 2
99 _ 0.389 [7 FCeo® ® ]
dlt] ﬂ[ 0389 % ar T & cos(a®R)] +
eBiltl/2 2
FC ad; ) ]
[0.389 an T Fetsin(a®R)
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Phenomenology

Actually, values of p and Bg are guided by dispersion relations.

The directly observed slope in

do _ (do) 0Bl
0

dt ~ \dt
is )
Brp* + By
B(s) = ———
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Phenomenology

Treatment of the data

Need to prepare data basis : compilation, selection,
renormalization of original data.
Examples : 19.4 GeV for pp and 541 GeV for pp

do/dit] (mb/GeV?)

Figure: pp forward scattering at 19.4 GeV
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Phenomenology

pp forward scattering at 541 GeV

Figure: Event rate and differential cross section at 541 GeV .

dordlt] (mb/Gev?)
5

pp
Vs =541 GeV

do/dt

normalization

do/dt = (dN/dt) / 10.083

0 0.02 0.04 006 008 01 012 014
It (Gev?)

A.K.Kohara, E.Ferreira, T.Kodama

PP
Vs =541 GeV
Augier (93) PL 316B , 448

dN/dt 99 points

dN/dlt] (events'Gev?)
5
:

0 0.02 0.04 006 0.08 01 012 0.14
It (Gev?)

Tomography of pp and pp Scattering



Derivative Dispersion Relations

Use of Dispersion Relations

Even and odd dispersion relations

SFL(E')

/1 (E"/m)((E’/m)? — (E/m)?) d(E'/m),

RF.(E,0) = K+ 2(E/m)*P

RF_(E,0) = i(E/m)P/loo (E’/m%)i(fg/my d(E'/m)

Needed input : Use optical theorem for SF(E’,0) and SF_(E’,0) .
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Derivative Dispersion Relations

At high energies /s = vV2mE where /s is center of mass energy.
Notation : Even and odd functional forms

PulF(E/m) = 2(E/mp2p [ s e (e )

and

P_[F(E/m)] = (2E7:m)P/1°° (El/[,:_)gEl_/EnE)]/m)z d(El/m)

Amplitudes in pp and pp channels

Fu(e.0)= POV EFE) g (g )= FUE) L)
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Derivative Dispersion Relations

In terms of observables quantities

RF(E,0)  oppppp + TppPop

2mE 2 ’

and
RF_(E,0) _ 9ppPprp — 9pbPpp

2mE 2 ’
Need to determine de subtraction constant K.
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Derivative Dispersion Relations

Dispersion Relations for Slopes

With exponential |t| dependence in the amplitudes :

BR K 1 5l 5l
RFpp(E)e ® 11 =+ — [P+ [SF(EYe=H] - P [C&F_(E’)entﬂ
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Derivative Dispersion Relations

Expand the exponentials to first order in |t| and subtract the
dispersion relations to obtain

1

é}%Fpp(E)B;, ==

&FHEWH—PFFWBJ
or

1
R _
UPPpPpop - (2mE)2

P, [%F+(E’)B’+] — P [%F(E’)B’_}]

R 1

Py [SFL(ENBL] +P- [sF(E')B’_}]
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Derivative Dispersion Relations

With explicit input for
Bi(s) = a1 + c2In(s)

we obtain predictions for Bg which can be used in the description
of do/dkt.

We have analysed the forward data using this information.

Note: the triple product does not depend on K.
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Derivative Dispersion Relations

Ppp and ppp
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Long t Description

Long t Description

The exponential forms for the imaginary and real amplitudes have
limited scope. We wish to have a description of do/dt for all t.
Parameterization of the imaginary and real parts of the amplitude

Z(t) = 2 ae It £ X2pe”V A (1) (1)
and
R(t) = /e Pt £ N2pePT A(t) (2)
where we have a SHAPE FUNCTION with one parameter

A () e~ YV PP+t me*v\/4p2+a2\t\ 3)
t) = —e , 3
? VP2 + at] Vap? + a2[t]

with p = 37/8, and we have grouped the factors 2pe” A, (t) in
order to have 2pe”’A,(0) = 1.

A.K.Kohara, E.Ferreira, T.Kodama Tomography of pp and pp Scattering



Long t Description

The dimensionless scattering amplitude and the elastic differential
cross section are given respectively by

T(s,t) = 4y/7s[iZ(t) + R(t)] , (4)

and
doet 1
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Long t Description
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Long t Description
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Long t Description
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Long t Description
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Long t Description
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Conclusions

E AGORA ?

pp Scattering



s o
T T

5

dald|t] (mb/GeV?)
=}
T

o
T

Conclusions

. PP
Vs =7 TeV

7 TeV - 80 points
TOTEM - LHC

e,
.
.
.
.
.

L
025 05 075 1 1.25 ,1.5 175 2 225 25
] (GeV?)

pp Scattering



10

10t . PP

Vs =7 TeV

10 ¢
_ 8 7 TeV - 80 points
Sl TOTEM - LHC
g Y
-
LN
St
<
10 F ) -.,“'

-4+ 0=79.1 mb, p=0.10, '=1.57 *e_
10 $ o mb, p: b .

E ¥
10 L

0.25 05 0.75 1 1.25 1.5 1.75 2 225 25

Conclusions

1t] (GeV?)

pp Scattering



Conclusions
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Conclusions
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