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the new LHC data (elastic scattering)
at 7 and 8 TeV

7 TeV (TOTEM) - t[0.00515 — 0.371] 17.08.2012

7 TeV (ATLAS) - t[0.0062 — 0.3636] 25.08.2014

8 TeV (TOTEM) -t [0.028500 — 0.1947] 12.09.2015
8 TeV (TOTEM) - t[0.000741 — 0.201] 11.12.2015

8 TeV (ATLAS) - t[0.01050 — 0.3635] 25.06.2016




Total cross sections
TOTEM ATLAS

o, =(98.3:2.8)mb; /s =7000GeV:
(98.6+2.2) mb;
(99.1+4.3) mb;

(98.0+ 2.5) mb:
o, =(98.5+2.9)mb Ot =(95.35+£2.0) mb
A=3.15 mb:
Js=8000GeV:
o, =(102.9+2.3)mb o, =(96.07+1.34)mb

A=6.7 mb;:



High Energy General Structure (HEGS) model O.V.S. - Eur. Phys. J. C (2012) 72:2073
Extending of model (HEGS1) — O.V. S. Phys.Rev. D 91, (2015) 113003

|7z/2

9<+/s <8000GeV; S=s/s,e
n=980->3416;  0.00037 <|t|< 15 GeV 2; Sy = 4m?.

FlB (S;t) N hZGem (t) (§)Alealtln(§); FsB (S’ t) - h3GA(t)2 (§)Alea1/4“n(:

FES ) =F2(S)A+R, /V§)] +F2(5,0)(1+R, /V/§)]
r Fogd(s’t);

A t n(s$
FoEfjd (S, 1) = oy GA(t)Z (S)Al 1_—r2te“1/4“ i

0

B(t)=(c, +k,qe“"™ )Ins.



UNITARIZATION -> eikonal representation
s __ioo 2 2
20 =27 q 3,00) Fisqdg 280 =5 [ &VINZ +b]

(50 = [0 J,(b) [1-¢ ' 1db
T




High energy parameters
A, =011, « =0.24; fixed;

B 0.82; h,=0.31; (h,,=0.14; r’=3.8); k,=0.16%

(0]

Low energy parameters

R,=53.7; R, = 4.45, h, =0.05.

0 </s<8000GeV: N =3416;

> ¥ IN=128



A1 ADLIL 111D 1 Ne Proton-protorn €1astic scattering at simal

t

1

s/ 8 | togins tmax, |N|D_ o X2 [D>° 0 X°/N Nk
GeV | GeV GeV (norm.)
9.0 [0.00193|0.04328 19| 14.4 0.72 1.041
9.3 10.01268| 0.1147 |28 21 0.75 1.019
9.8 |10.00115| 0.115 |64| 87.6 1.35 1.013
9.8 | 0.0026 0.12 |23| 31.0 137 1.074
9.9 10.00063| 0.0306 |73| 81.1 1.11 1.014
10.6 |0.00079|0.01529 (45| 68.0 1:39 1.026
12.3 [0.00066 [0.02928 | 58| 46.9 0.81 1.018
13.76| 0.0023 | 0.0388 |73 &4.9 1.16 1.023
13.76| 0.035 0.095 | 7 2.5 0.36 1.029
16.83| 0.0022 | 0.0392 (68| 76.9 [ - 1.006
19.42]10.00066 | 0.0315 |69| 79.5 1.15 0.996
19.42| 0.035 0.095 | 7 12.2 1.74 1.008
19.42| 0.0206 0.12 |42 19.9 0.47 1.038
21.7 | 0.022 0.039 [64| 50.1 0.78 0.996
22.2 | 0.0005 |0.02978 (64| 55.6 0.87 1.007
23.5 10.00037| 0.0102 |30 58.5 1.95 1.008
23.8 | 0.0022 | 0.0388 (60| 69.1 1.15 1.001
23.9 10.00066 | 0.0316 |66 76.5 1.16 0.988
27.4 10.00047|0.02579 (61| 66.1 1.08 0.987
30.6 | 0.016 0.11 48| 53.1 1.10 1.005
30.8 | 0.0005 | 0.0176 31| 75.7 2.36 1.009
44.7 [0.00099|0.01856 |40 al. 1.16 1.004
52.8 [0.00107|0.05546 (35| 53.2 1.52 1.016
62.3 10.00543(0.05122(23( 31.7 1.38 1.005
7000.]0.00515| 0.356 (84| 173.4 2.04 0.943
7000.| 0.006 0.36 |40| 31.4 0.77 1.0
8000.| 0.028 0.195 |30 20 0.7 0.9




TABLE IV: The proton-antiproton elastic scattering at

small ¢

\/gv tmin, tmax, |N ZN X2 ZN X2/N Nk
GeV | GeV GeV (norm.)
11.54| 0.0375 0. 5 (13| 11.5 0.88 0.983
13.76| 0.035 0.095 |7 74 1.06 0.966
19.42] 0.035 0.095 | 7| 7.3 1.05 1.220
30.4 | 0.00067 {0.01561|28| 28.8 1.03 0.974
52.6 | 0.00097 [0.03866 (28| 24.5 0.875 0.987
52.8 | 0.0109 | 0.0479 {43| 49.9 1.16 0.933
62.3 | 0.00632 {0.03821|43| 55.8 e, 0.996
541. [{0.000875(0.11875(99| 164.7 1.65 unnorm.
546. | 0.00225 [0.03475|66| &83.7 1.25 1.004
546.6| 0.026 0.078 14| 13.86 1.0 1.002
1800.| 0.0339 | 0.285 |28| 28.8 1.03 1.024




do/dt (mb/GeV?2)

1000

1.5 |

100

\s = 9.9 GeV

n=0.98
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do/dt (mb/GeV2)
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7 TeV (TOTEM) -t [0.00515 — 0.371] 7 TeV (ATLAS) - t[0.0062 — 0.3636]
n=0.94 n=1.0
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8 TeV (TOTEM) - t[0.0285 — 0.1947] 8 TeV (TOTEM) - t[0.000741 — 0.201]
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1000 F—
o~
% 1000
e o~
Q 2 >
S F (]
g 100 | - Q 2
e S . 'g 100 -
§ <, N2 k L, OTTW BT
g T 3 .
10 | IS 2 "
F 10
2
1 2
1
2
2
0.1 L— ‘ e N ‘ o l o
0.0 0.1 0.2 0.3 0.4 2 o — - -~

-t (GeV2) -t (GeV2)



8 TeV (ATLAS) - t[0.01050 — 0.3635]
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CERN pPp—>pp +/S =540 GeV

0=0.24+0.04 (UA4 Coll. M. Bozzoet al.)
0=0.135+£0.015 (UA4/2 Coll., C.Augier et al.)

Comment

1092 =024 —-0.19+0.03 (OV.Selyugin, Yad Fiz. 55, 841)

1995 sz/léE —0.17+0.02 (OV. Selyugin, Phys. Lett. B 198, 583)

2009 p=0.172+0.009
(A.Kendi, E.Ferreira, T. Kodama, arXiv:0905.1955(hep — ph)



FNAL pp—>pp +/s =1800 GeV

o, =(80.03£2.24)mb  CDF —Caoll.
o, =(71.42£1.55) mb  SCINT Caoll.

Very likely that this difference reflects the true errors of
the fitting procedure of the experimental data obtained
by the luminosity independent method.

chlf



s—2m2_
t )

F{™(t) = afi(t) F5™(¢) = T

and for spin-flip amplitudes:

() =al2Us; Fpme) = —F5m(r),

4m?2 7’
Fem(t) = a2mi/mf1(t) fa(t),
where the form factors are:
4m? — (1+k
fi(t) = mﬁm«f _+t A Ga(t);
am? k
2(t) = 4m7g’i— t Ga(t);
AN _ o [dme e 20(0(s.8) + don(s, 1) oGP (D)
dt BE m
o2,(1 + p(s, £)2)e=BGM
4
167

Ch 1l



Non-exponential behavior (origins)

1. Non-linear Regge trajectory (L. Jenkovsky et al.)

(Pion loops ) Anselm, Gribov, G. Coken-Tannoudji et.al.; Khoze, Martin;

2. Different slopes of the other contributions
(real part, odderon, spin-flip amplitude)

3. Unitarization



0.V.S. Phys.Lett (1994)

Dependence of the slope B(s,t) from the size of
the examined interval t for UA4/2 experiment

<|\4 16.8 T ™
>
@ ©
[
= 450
~ ® _ -
= | } R T T T
4 . 1 1% £ 3
15.2‘ T },{ { } :
14.4} J
13.6 . L 4
0.000 0.016 0.032 0.048 0.064
1t1/2 Gev2

triangles — exponential form of F
Circles - + additional term in the slope - sqrt(-t) k



Ch il

a,(q?) =1 - C,q° (0. 1327°)h(qP): ;
A.A. Anselm, V.N. Gribov, Phys.Lett. 40B, (1972). q° <<4u’;
2 2 2 2 2 2 2 m2 8
@)~ L1 M O 2y gy
7 q (@ 1) -1 Top

V.A. Khoze, A.D. Martin and M.G. Ryskin, J.Phys.G (2014)

hl(qZ) - q_[%_(l_*_él_ﬂz)s/z Ln(\/l+(4lu2 /qz) + 1) ? Ln(m_z)]’

T g q° JL+ (82 1?) -1 u




(Sqrt[(1.+ 1./tau)] + 1.)/(Sqrt[(1.+ 1.

.............................

(1. +tauw)] + 1.)/(Sqrt[(1. +tau)]




(1. +tau)(1.5)

.+tau)”(1.5)
[(Sqrt[(1.+tau)] + 1.)/(Sqrt[(1. +tau)]



(1. +tau)*(1.5) = Log[(Sqrt[(1.+ 1./tau)] + 1.)/(Sqrt[(1.+ 1./tau

)*(1.5) * Log[(Sqrt[(1.+tau)] + 1.)/(Sqrt



Regge representation

§=s/s,e""?;

F(s,t) =i (5)" e’ S, = 4Am?2 . F(s,t) =(s)" """

Fi

Fix

F(S,t) :(§)A ebLn(§)t ;

FIx]

0.6
04|

02




Integral dispersion relations S—> 0

o, (E) o, (E)

E'(E—E) E'(E'+ E)]'

C E %
E EY=—+ — | dE'P’
p. (E) o, (E) P+EP£ [

Local DDR COMPETE Collaboration

Re F+(E,O)=(m£)“ tan[%(a—lJr E;'—E)] ImF.(E,0) /(mi)“

p p

S.M. Roy (2016)

ReF (s, t)=( id )d [cImF, (s,t)/ImF (s,t =0)]ImF_(s,t=0), as s-—o0, z=t(In(s/s,)’.
In(s/s,)” dr

ImF, (s,t) =he™; p(s,t) ~p(s,t =0)(1. + Bt).




Slope(t)(ReF, ImF, DS)

UNITARIZATION -> eikonal representation

F Born (S,t) - (§)g ethn(§);

7(s,b) = _2_1k T dzV[Vz* +Db*]

30 ¢
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2(s,b) = 27 | "q J,(ba) R (s,9)dg

F"(s,t) = Zi |, b 35(bq) [1-e#"]db
T
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Pi-meson cloud
J.Pumplin, G.L. Kane, 1975, Phys.Rev. D11; pi-mezon scattering
O.V.S., S. Goloskokov, 1980, Yad.Fiz. 31, pp-scattering

J
D — e o S 5 Yomrme (B e @ ot 6 ) e e b
t ‘# P’ 6 = s .:f? ' p
¢ pP-q ‘\.Y,/_D‘-C Mrp (sit
(Mpp (s,t) ¢ £
( Mo (e 1) k-@ 7 N kZq
e () e k’ | ...»,,‘__.{'}},_-_-,_,_: k' Kk :.—::.Cf::.j:.:::z}:::: k
a) bi cl
o e G -E---_[_)::—:C' ) -“--'mg}*'——*p"
pP-q N, 4 P" q C“Mpp(g{)
-7 ¢ Y
MPPISJ) k-q N\ k= q
Kk -__,__..;’Q;: kT k== ore k”
4

— > (=h)! H k22 oy aobyn?ty.
T(s,t) = 'Sz(n-1)!(n2y2-t))3’2 (1-byn?s* ~t)e )

n=1




S.V. Goloskokov, O.V.S., Mod.Phys.Lett. A9 (1994)

Table rho, B 541 and 1800

= /5 = 541GeV /5 — 1800GeV
GeV? | p(s,t) | B(s,t)GeV=2 | p(s,t) | B(s,t)GeV~*
.001 141 16.8 182 18.1
.014 135 16.5 178 g
.066 112 15.5 161 16.6
120 .089 14.9 143 15.9

Seminar inthe TOTEM O.V.S. (2009) ; and
J.-R. Cudell, O.V.S. - Phys.Rev.Lett. (2009)

chllf



Fh s.t)=(i + O ot aBU/2
(8.0=0+0) 38938

F'(s.t)=(i+ Oiot gBt/2-Ct’
5D=0+0) 4770.38938

Eh s.t)=(i+ Ot eBt/2+D(«/4y2—t —240)]
(8.0=0+ ) 0 38938

F" s, t)=(1+ Otot eD(\/4ﬂ2—t —2u)] f (t)> ’
S 4770.38938 O

F"(s,t)=h O ot gBt/2+in()
477 0.38938

ch Il



0.V.S., Nucl.Phys. A922 (2014) 180

0.005 < |t|<0.31 GeV*; N=86. TOTEM7TeV

i| N Zfil X7 0 B 3, Otot, Mb

1| 86 287. 0.14 fix 20. 0.fiz 98.87 +£ 0.1
2 | 86 287 0.05 fix 20. 0.fiz 99.7 £ 0.1
3| 86 287 0.146 = 0.3 | 20. 0.fix 98.8+04
4 | 86 220.5 0.14 fix 2171 —1.4+0.2 | 97.94+0.2
5| 86 220. 0.05+04 |21.8| —1.4+0.2 | 98.76 + 4.

Table 1: The basic parameters of the model are determined by fitting experimental data
without the electromagnetic contributions and with free ;.



TOTEM 7 TeV

N Zfil X? p B ¢ n Ttot, Mb
47 77.84 0.14fixed 200 | 0.— fiz | 1.05| 96.8+0.1
47| 71.65 0.1ffiz | 20. | O.fiz |1.05| 97.1+0.1
47 66.3 0.05 fix 20. 0.fix 1.06 | 97.24+0.1
47 62.8 0.fiz 19.4 0.fiz 1.05 | 97.1 £0.1
47 63.1 0.14fixed 172 | 21 +£0.5 | 1.05 | 97.56 £ 0.2
47 61.9 0.1fz 17.7 | 1.87 X051 105 | 97.7T 0.2
47 61.0 0.05fix 182 11.24+05 1| 1.05 | 97.7+0.2
47 60.6 0.fix 188 | 0.8+0.5 | 1.05| 97.44+0.2
47 60.8 —0.05fix 193 | 0.4+£05 | 1.05| 96.9+0.3
47 61.1 —0.064 £+ 0.05 | 19.8 0.fix 1.05 | 96.57 & 0.58
47 60.6 —0.011+0.09 1189 | 0.7£0.9 | 1.05] 97.3+£0.9

Table 10: The basic parameters of the model are determined by fitting experimental data.



O.S. — J. Nucl.Phys. (Yad.Phys.) v.55 (1992)

ReF"(t)=  —ReF.(t) )
[[%Z’|exp. — k% (Ich ok Ith)z]/(kw)]l/Q,
let us take the imaginary part of the hadron scattering amplitude in the

simple exponential form with the parameters obtained by the TOTEM Col-
laboration

ImF"(t) = 040/ (4k7)eB?, (10)



D.S. - New methods for calculating parameters of the diffraction
scattering amplitude, "VI Intern. Conf. On Diffraction...", Blois, France,(1995).

D.S. “Additional ways to determination of structure of high energy elastic scattering
amplitude” arxiv.org:[hep-ph/0104295]

2 Gauron, B. Nicolescu, O.S. “A New Method for the Determination of the Real Part of the

Hadron Elastic Scattering Amplitude at Small Angles and High Energies”
Phys.Lett. B629 (2005) 83-92

A, () =[ReF"(t)+Re FE (1] :[z—‘t’ oo, — K7 (IMF"(t) + IMF* (1)) / (k)
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TOTEM — arXiv:1503

(mb /Ge\/2 )

I' o A data fitat /s = 8 TeV
10° 1 . TOTEM data
—’ Coulomb standalone
I hadronic standalone
i Coulomb and hadronic combined

de/di

TOTEM Preliminary

TOTEM - 12 (2015) CERN preprint

Coulomb-hadronic interference
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Like TOTEM analysis (N=223, 5 row)

Born case: = (S, t) =h Ot (I + ,O) Ln (S)2 e(Blt/2+BZt2+Bst3)L”(S)

N
N ar Kiz Kar Kiga Krgn Kag P Otwot(7) Otot(s) ZZiZ
1
5 ], 1. 1. 1. 0.b 96.3 99.2 48212

5 09309809 09 1. 0045 953 982 2872
5 1141181111 12 0025 1061 109.3 1508



£h (S, ’[) . O ot Ln(§)2 f12 () e(D(«/4y2—t ~2 11)]+Ct?)Ln(s)

4770.38938
N
I K. Ko Kig, K P Otot(7)  Otot(s) Zliz
1. 1L S A | 1. 1. 0.18 96.1 99.0 4774

093 098 0.9 0901 1.02 0.18 95.7 98.6 1327

O ot Ln(§)1'4 f12 (t) e(D(«/4,u2—t —21)]+Ct?)Ln(S)
47 0.38938

3 09 10 09 0903 102 012 971 991 1311

FM(s,t)=i




EIKONAL
FBh (S, t) =0 o (i + ,0) (S)A e(Blt/2+BZt2+33t~°’)|_n(s)
8

n p(0) A 2y ’ K- Kz Krga Krgp  Kpg GtZJt Oot

par

6 0.06 0.0/6 1797 0966 1.015 0.9 091 1.02 96.7 98.5

I:Bh (S,t) —h §A .I:1 (t)Z o, ea;t+a;2(«/4,u2—t —2u)Ln(8)

n p(0) A r K Kz Krea Kragp  Kag o Oy

par tot tot

s 0.09 0.075 1457 094 101 0.87 0388 1.0 06.3 "NOIES

C t* — does not determined



EIKONALIZATION
Fh(S t):h §A f (t)2 o ea;t+a;2(«/4,u2—t —2u)Ln($)
B 1 1

tot

p0) A Ly i K:+ Kz Krga Krgs  Kag GtZ)t Gt?)t
0.11 0.087 382 1.047 099 1.1 1.097 099 97.7 99.45

R (s,t)=hs® f,(t) o i + o (1+Kk, 1)] glet e (A=t 2ultn(s).

7 8

p(0) A Ly ’ Kr;  Ka Krga Krap Kag O ot O ot
0.15 0.07 332 1.076 1.027 1.14 1.13 1.02 959 973

fix

0.14 0.08. 341 1.05 1 1.11 1.10 099 971 98.38

fix * fix



(ReFn+ReFc)2, (GeV-2)
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(ReFnt+ReF(c)2, (GeV-2)
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LHC Final results (or) the beginning new story

* The new data bounded the different models essentially.

The new High Energy Generalized Structure model (HEGS) gives the
quantitatively description of the elastic nucleon scattering at high energy
with only 6 fitting high energy parameters. Is is shown the discrepancy

in the normalization of the TOTEM and ATLAS data.

Phenomenological analysis
The problems of the determination of Ot (s) and o(s,t)

The thin structure of the slope - B(s,t), ( )
The term ct®2 mimic the unitarization procedure —> it is better use the

e Theterm D4t — 240 (or like it) play important value;
* |tis need taking into account the form factors of hadrons

* The slope of Re F(s,t) exceeded the slope of Im F(s,t);

« The new LHC data show the problem with the normalization.

It is need obtain the data in CNI region.

Wait the high precision new data at small t and 13 TeV
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