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The classical elastic scattering
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The total cross-section growth
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Approximate Geometrical Scaling In
the ISR energy region

(mb)

.1 (green), 0 (blue) and oo (red)

O

140 : . - T T T LI I T T T T T TT1T | T T T T T T 1

A& pp (PDG) : 13 TeV —L i

1301 ¢ pp(PDG) i i

120 o Auger (+ Glauber) L |

a4 ATLAS (ALFA) L guaaas s

'lm D, C_‘"I'IS .......................... S i , __

o ¢ TOTEM (L indep.) = | ....... S R e T S Y, i, SR

best COMPETE ¢ fits f ]

8{] _ 2 rd I . -~ 2ad

——--11.7-159Ins+0.1341In" s h*” .

70 o=t 'ﬂ‘ —

60 1 =

m U SR+ .14 AU 1 1 FF. #o Lo o - SO —]

B dui | __ﬂi'#j: = L=

40 _._T\__‘rlr’; e Rl I L TS SRR P 2

B il BRI - = |

TR R - =)

I _e® ]l

20 S e a _

10 .- S e G e L 2 =

U [ 1 1 1 1 1 111 | 1 1 1 1 1 111 I 1 1 1 1 1 11 1 | 1 1 1 1 1 11 I-
10! 102 10° 104 10°

Vi (GeV)

.-—:-\. 3U T T T T T 11T
= —— pp. PDG ]
K 28| e TOTEM .
&  |—s— ATLAS-ALFA J
o ~ fit from EPL 101 (2013) 21004 | )‘t
L ’-f -
ra
24 Fid =
22 e BT PR PURTRI. } ,'/ ............ —
s
20 e —
B LS i - & i
-13 _||‘— _1_ +i_4[, o o S TR e R e b B S e —]
oL T )
1 1 1 11 IIII 1 1 1 11 IIII 1 1 1 11 111
10! 102 10° 104
Vs (GeV)

T(s,b) = T(L/R(S))
do/dt = R* F(R?)

o (s)~o,[(S) ~ B(s) ~ R¥(s)
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The differential cross-sections
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Energy evolution of do/dt
at fixed values of transferred
momenta
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The behaviour of the differential cross-section
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at fixed t in the forward peak range is defined by the energy evolution of

dJ(at}| oii(s) (14 pP(s)) (s) = ReT(s,0)
a0 167 - P T (s, 0)

and of the local slope

o0(s)

d  .do(s,t)
B(s.t) = —(1 ).
(s.1) = — (In[—>—])
do(s. 1 - - L .
cr{(; ) = oo(s)exp(Bt), B = B(s,t), t€[t,0], {=its).

In particular, at t = ¢, we have

0.(s) = oo(s)exp(B,t,), B, = B(s.t.), t.€ [t..0].
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At t=t, the growth of ¢(s) and

growth of the local slope In do/dt

compensate each other, but due to
the unitarity this stationarity has a
transitory character and must be
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Predictions for do/dt at 13 TeV

Suggesting that the stationarity persists up to 13 TeV we can anticipate that

0.(s) ~ (7.5 +0.5) mb/GeV* at /s = 13 TeV (%)

If we assume that at 13 TeV 0iwt(s) = (109+£2) mb  then according to

3 1 § [#] 1 T
B. = n(220)) g 50 (et VL + P
(—t.) 0. (s) 12.12(mb)

) GeV 2

the mean value of the local slope at 13 TeV is B. ~ (21.0 £ 0.5) GeV 2,

The TOTEM Collaboration exhibits the preliminary unnormalized 13 TeV

data for do/dt inthe 0.05 < |t| < 3.5 GeV? region. The suggestion (*)

enables us to normalize these data and have got the values for do/dt :
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In particular, the value of do/dt at the dip at 13 TeV

do
dt

— |dip = 31.3+ 1.9 ub/GeV?, —ty, ~ 0.483 £ 0.011 GeV?
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do/dt(pp—>pp)(mb/GeV~*2)

The differential cross-section for pp-elastic scattering at 13 TeV

in our normalization
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do/dt at the ISR and the LHC
(7 and 13 TeV) energles
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do/dt in the vicinity of t = - 2.3 GeV~
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Instead of the expected simple energy-independent behaviour do /dt = const ¢l 3

(A. Donnachie, P.V. Landshoff 1979) the differential cross-section reveals in this

t-region the second shrinking diffraction cone. The simplest way to understand
this empirical fact is to assume that the high energy pp elastic scattering amplitude

T(s,t) in the region 0 < |t| £4 GeV? is a sum of two similar terms

T(s,t) = 4dmws(Ai(s,t) + As(s,t)).

The dip-bump structure in do/dt is due to the interference of these terms

do(s,t)

dt W[(|‘11| - |s42|):2 T 2|f511||f‘12|{1 T+ Fﬂf‘:‘('*rjl - "P:z])].-

where ¢, (s,f) and o,(s,t) are the phases of A (s,f) and A, (s,t) respectively.



The growth of c_(s) and B(s) are universal properties of the hadron-hadron

scattering. Because the stationarity of do/dt is a consequence of the correlated

growth of ¢ _(s) and B(s) we can anticipate that the existence of the two

stationary points and the two-component structure of the high energy elastic

scattering amplitude are general properties for all elastic processes.



Summary

1. The ISR and the 7 TeV LHC data give an evidence of a stationary point of do/dt.

2. This scaling property is equivalent to the connection between the slope and ¢, (s).

3. The stationarity has the compensatory nature and the transitory character.

4. Supposing the validity of the stationarity of do/dt up to 13 TeV we normalize the

preliminary 13 TeV TOTEM data and have got the values for do/dt at 13 TeV.

5. These data give an evidence of a second stationary point in the region beyond
the second maximum of do/dt. It means that the high energy elastic scattering
amplitude is a sum of two similar terms.

6. We argue that the above properties are general for all elastic processes.
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Elastic pp scattering @ Vs =13 TeV
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different |t|-ranges
probes different
physics regimes:

Coulomb interference

diffractive cone, dip-

bump, transition to

pQCD etc...

Trends:
dip position in |t|
decreases with
increasing /s

Forward slope

_ d, (do PO O .. SR <O R S
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increase with +/s
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Elastic pp scattering: data summary & trends
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e /S = 8TeV: first LHC determination from Coulomb-hadronic interference
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