A

Diffraction and Low-x 2018

26 August 2018 to 1 September 2018
Reggio Calabria, Italy

Odderon and LHC data

0.V. Selyugin
BLTPh, JINR

in collaboration with J.-R. CUDELL
STAR, Univ. Liege




Contents

*  New “open” of max-Odderon

* Elastic hadron scattering — new data LHC

*  Phenomenological analysis of the new data

¥ pando

*  Comparing the data with High Energy Generalized Structure model (HEGSh)

*  Overlapping function at \/5213 TeV;

*  Total cross sections

*  Results and Summery



rilyosito Lotitlo U

www.elsevier.com/locate/physlett

Did TOTEM experiment discover the Odderon?

Evgenij Martynov ®*, Basarab Nicolescu B

(19)

At s — oo we have
Ac(s) = 0P (s) — 022 (s) = 207 In(s/m?)

Ap(s) = pPP(s) — pPP(s) — —Z%i
1

E.Leader, P. Gauron, B. Nicolescu, Nucl.Phys.B (1988)

p(s,t) =ReF, (s,t)/ImF, (s,t);

Table 1
The values of parameters of FMO model.

Parameter Value Error
Hy (mb) 0.24964 ity 10
Hy (mb) ~0.31854 s L
Hs (mb) 30.012 e
01 (mb) —0.05098 +0.01050

—0.00989

A p=-2(-0.05098/0.24964) =0.408, hence pp=0.5;

We would like to stress that there is no general argument

against the FMO approach.
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FORWARD SCATTERING AT COLLIDER ENERGIES
AND EIKONAL UNITARIZATION OF THE ODDERON *

J. FINKELSTEIN'
Department of Physics, San Jose State University, San Jose, CA 95192, USA

H.M. FRIED, K. KANG and C-I TAN

Nonartmont nf Phusice Rrawn Universitv. Providence. RI 02912, USA

(8) behaves as s 77, and 50 Ao (s) - O (s ~°logs).
(11) Bare odderon coincides with bare pomeron tra-
Jectory.Inthiscasc,0=0,r-» a’"_/a’, =1,and the first
integral in (8) goes to a real constant. Since

ReB_~logs, ImB_=-2rna’, we find that
Re F_~slogsand Im FF_ ~ s, as claimed earlier by an
analyticity argument.
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CERN pp—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

1992 ,z)z(M@r —0.19+£0.03 (0. Selyugin, Yad.Fiz. 55, 841)

1995 p=0435—>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)



(2) ODDERON s and t dependence

Max Odderon - Re(0_) « In(s/s,)’; Im(0.) o In(s/s,);

A. Donnachie, P.V. Landshoff

3
_1f ) g(t):C:—4 at [t|>t,; C=0.04; t,=4.23 GeV*;
= at f<t;
t+7

1 2142
g(t):c:t—ez‘l‘t o) at |t)<t,;
0

E. Martynov, arXiv: 1305.3093
(E.Leader, P. Gauron, B. Nicolescu,  O(S,t) =z t [O,(S,t) +O,(s,t) + O,(S,1)]
Phys.Lett.B (1990)

O.V.S. HEGS model 0(s,t) = htt2 R Ly, ;
1+rt

0



Simple phenomenological analysis of 13 TeV data

s—2m2.
t )

F{™(t) = aff(t) F5™(t) = I

and for spin-flip amplitudes:

Fen) = al2®s  Fem(e) = —Fem(0),

4m? '
Fem(t) = a%jmfl (t) f2(t),
where the form factors are:
dm2 — (1 + k
a =T B g,
am?2 k

Fat) = ozt Galt)
dN _ L 4'”0‘204 2a (p(s, ) +¢CN(s,t))ototh(t)e———B(s'zt)'t'
dt ¢ - i

o1+ pls, )P

+
167




Non-exponential behavior (origins)

1. Non-linear Regge trajectory

a) Contributions of the meson cloud (J.Pumplin, G.L. Kane; O.V.S.)

b) Pion loops (Anselm, Gribov, Khoze, Martin; Jenkovski et al.)

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

3. Unitarization



F(b)= e—bZ/RZ; S Fl('[) zest;

Lo)=5(Ry);  — R =J,(Ryit]);

[(b)= e "% & F(t) ~e**J,(2.84t]);
F(b)=C(0-Ry); — F() =J, (Rt /Rot];

F(b) i e—ﬂ(\/4R§—t).

. Fl(t) ze—5Ro(x/ﬂZ—t —ﬂ);




Phenomenologic analysis (exponentials)

= s.t)=(i+ O ot @BU/2
(8.0=0+1) 35038

O, Bt/2—Ct?
tot o

F"(s,t)=(i +
(8.0=0+ ) 0 38038

Eh s.t)=(i + O ot eBt/2+D(«/4,u2—t —240)]
(8.0=0+P) 40 35938

Fh S,t = i_|_ { O ot eBt/2+D(\/4,uz—t —2u)]+Ct? f t 2 ,
ED=l+ 0] 47 0.38938 (Ve

F h (S, t) _ h Gtot eBt/2+i¢)(t)
477 0.38938



TOTEM analysis 13 TeV

0.0085 < |t| < 0.07 GeV?, N =80.

Table 5: Summary of results for various fit config
|t|max = 0.07 GeV?
N x?/ndf p
1 0.7 0.09 +0.01
2 0.6 0.10£0.01
3 0.6 0.09+£0.01

1. Normalization on 0,=31.0+1.7 mb(5.5%).
o, =110.6 +£3.4 mb (3.1%).

2. “unprecedented precision” £=0.1£0.01 mb (10%).
UA4/2 — (intext) »=0.135+£0.007 mb (5.%).

3. CNI term from A ,(1-iaG(t));



TOTEM 13 TeV

0.00085 < || < 0.07 GeV2; N =80.

0.12;
0.10;
0.085

0.06 |

N |
0‘04’H\HHHMHHHH\HHHH\x\\\H\H\\IHHHHMHHHH’
0.85 0.90 0.95 1.00 1.05 1.10 1.15




0.15,““‘“"\‘“‘““‘\"“‘““\““““‘\““““‘

Simple exponential (Born term)

FBh (S, t) =h [| — P (1_|_ at)] fl (t)2 o, ea;t

0.06 | :

- X : !

: ! I /
0.03 | . ' /

N k I l

: _.

B J [ / ]

0.00 L L L L L L L L L | L L L L L L L | L L L L L L L L L | L L L L L L L L L | L L L L L L L L
102 105 108 112 115 118
G tot mb

totrho

n(fix) =1.055; 1.0; 0.945

With form-factor

Without form-factor

n- free
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(6) Eikonal representation

Fo'(s,t)=hs" f,(t)’ o, e

1.025““““\““““I\““““\““‘““\““““‘\““““‘
-~ F
o 2
5 10
09}
N
20.96

0.94 f

0.92 |

0.90 f

0.88 f

0.86 |

0.84 f

0.82 g T T T T T T T T T T T T T T [N T B H A M
0.06 0.075 0.085 0.095 0.105 0.115 0.125
p

Do (Vs =13TeV,t =0)=0.089+0.013;
Do (VS =13TeV,t =0)=0.11+0.016;

Nlh~AaA~ALLID Al



TOTEM 13 TeV

(extraction ReF(s,t) from experimental data)

0.S. "VI Intern. Conf. On Diffraction...”, Blois, France,(1995);
0.S., P. Gauron, B. Nicolescu, Phys.Lett. B629 (2005) 83-92;

Az (t)=[ReF"(t)+ReF (t)]*; o, mb, B(t), p(t=0), n

= ()= [ —kz(IMF"() + ImF° ()] / (k)

|exp.



(ReFp+ReF()2, (GeV-2)

210
190 |
170 |
150 |
130 |
110 |
90 |
70 |
50 |
30 |
10 |
10 &

F (s,t)=h 1+ p) o, %

o, =110.6 mb, B=20.36 GeV %, p(t=0)=0.1, n=1.

0.01
-t (GeV?2)

(ReFntReF()2, (GeV-2)

-t (GeV2)
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(8)

(ReFn+ReF()2, (GeV-2)

210
190 |
170 |
150 |
130 |
110 |
90
70 F
50 F
30 F
10 |
10 E-

Fi(s,t)=h (i+p) o, e*" f,(t)*;

ot

o, =108 mb, p(t=0)=0.108, n=1.06;

20 f
15 |

10 |

(ReFp+ReFc)2, (GeV-2)

R A . I n B N _2 3 4 S 6 17 8 1.5 2 3

LA 5 2 3 4 5 6 il 15 2 3 4 5 6 0.01
: ) -t (GeV?2)

-t (GeV2)

t, =—0.0063 GeV?: F.(t,)=—2.25; ReF, =2.25; p(t,) =0.105;




Odderon and HEGS model

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

§=s/s,e7"'?; S, =4m; .
n=980— 3416; 9<+/'s <8000GeV; 0.00037 <|t|< 15 GeV*;

FlB (S, t) 1Y hlGem (t) (§)A1 ealtln(§) ’ FZB (S, t) . hZGA(t)Z (é\)Al e0(1/4t|n(§)

FEGS,t) =FE(St)A+R /V§)] +FE(S.)A+R, /8§ )]+ FE, (s,1):

A t a n(s
FoE?jd (S1t) — hOdd GA(t)2 (S)Al me 2 );

(0]

B(t)=(o, +k,qe“"™ )Ins.

5+4 — fitting parameters



General Parton Distributions -GPDs

/\

Electromagnetic

form factors GfraVitaftion
orm factors
((Jl(izgt?irgftion) (matter distribution)
AM 2 —t u
FlD(t L IO2 pGD(t),
4M 2 -t 4
A* G, (t) = — A
GD(t): J A() (AZA_t)Z



UNITARIZATION - eikonal representation
0 __ioo 2 2
20 =27 q 3,00 Fisqdg 2D =-5] dz2V [z’ +17]

F'(s,t) = zi [0 3,(00) [1-e 7" ]db
/A

1.2

0.2
0.000 0.001 0.002 0.003 0.004 0.00
b (GeV-1)
19



do/dt (mb/GeV?2)

1000

15 |

100

Vs = 9.9 GeV

n=0.98




Js=30GeV:

do/dt (mb/GeV?2)
>

[

1.0 12 14 16 18 20 22 24 26 28 30 32

Js=7Te\z

-t (GeV?2)

-t (GeV?2)
-1 - —— —
- 10 7 & )
% i \ 1
) T f N\ ]
S 102 | i
- N ]
\E/ - \\'.‘\- ]
% A N - 1
SR X :
B \ 7
i e ]
: N ]
104 3 \* ., Ty 4
Ef =T
105 | |
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8



102 " 103
& 1
< y 2 p\bar{p} /(s)=30.4 (GeV)
g g
= Iy 3
o 100 4 2
2
101 E 102 B
2 5
10-2 _| 4
37\\\\\\\\ L T R R R A AP R S
4 5 6 1.5 2 3 4 5 6 1.5 2 3 4
1 0.001 0.01

-t (GeV?2) -t (GeV2)
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(10)

=0.94

_ 1000
N
>
L
j¢s) L
)
100
E i
z
2
© 2
el
10
2
1
0.1 - g
0.0 0.1

0.3‘ '
£ (GeV?)

0.2

0.4

7 TeV (TOTEM) -t[0.00515 - 0.371] 7 TeV (ATLAS) -1[0.0062 — 0.3636]

n=1.0

_ 1000
N
>
L
i3] L
2 100
& g
=
=
~
2 N
=l
10 F
i _
1
01 L L Ll Ll
0.0 0.1 0.2 03 0.4
-t (GeV2)

8 TeV (TOTEM) -1[0.000741 — 0.201] 8 TeV (ATLAS)

n=

1000

0.9

do/dt (mb/GeV2)

0.1 :

0.0 0.1

0.2 0.3
-t (GeV2)

0.4

do/dt (mb/GeV?2)

1000

- 1[0.01050 — 0.3635]
n=1.0

100 |

10 F

l -

01 L

0.0 0.1

03
-t (GeV?2)

0.2 0.4



HEGS-h model and Odderon

n — 870; 100<+/s <13000GeV; 0.0008 <|t |< 3GeV ?;

A C t n(s
Fosa (5:1) = Go1)7 ()™ (Wogs + hilgyg ) €201,

0

B(t)= o, [1+ ge®™ / 1+, In$)].

Without Oddron — 2 fitting parameters — pomerons constants: h1; hz;
> =120

e 2.
With Oddron — 5 fitting parameters (+ 3) : T hOdd’ hOdd’ Iy

(5) > > x*=1132;



Ampl (t)(mbl/2/GeV
=

R="ow _g,

- é b ht

of Odd
F S
; s.
F +-

A g ==

1.0 S S
0.0 0.1 0.2 0.4 0.5 0.6
-t (GeV?2)

Theamplitudeof pp at Js=13TeV
with h;,, dashed line — ImF(t); hard line Re F (t);
with h5,, andhl,, (O-ImF(t); O — ReF(t));



dashed line— pp

A—TOTEM data (/s =13TeV)

1000

do/dt, (mb/GeV?2)

100 |

-t (GeV2)

1000 =

do/dt, (mb/GeV2)

10

2 3 43 M
0.001 0.01 0.1
-t (GeV2)



do/dt, (mb/GeV2)

o dgf
do/dt, (mb/GeV?2)

i~ ] N
.00001 a5 |

-t (GeV2)

2 s b L L b b b o L L
0.40 042 0.44 046 0.48 050 052 054 0.56 058 0.60

-t (GeV2)

hard line pp; long dushed pp (HEGSh);
dotted — pp; short—dashed — pp (without Odderon).

HEGSh — —t . =0.46GeV?; —t__ =0.62GeV?; R=1.78;

TOTEM — -t =0.47GeV? -t =0.638GeV?; R=1.78;
Nemez, talk on workshop , May 28 (2018)
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p(t) at /s=13TeV;
long dashed line — pp;
short dashed line — pp;

p(s,t=0);
hard line — pp;
dashed line — pp;

Aand V with hS,,.

~
N
~

p ()

0.10 |
0.05 |
0.00 |

-0.05 —

015 — —
T T — |
_____ S 1
Te~= ]
. ]
N !
\\\ E
N\ ;
N\ |
\ 1
\\\
v
\§
A
! Ll L1 ! ! ! L L | ! \\%

2 3 4 5 6 15 2 3 4 5 6 1.5

0.01 0.1
-t (GeV2)

0.16

0.10 ¢t

0.11 |

102

1‘04
sqrt(s) (GeV)




1.07““““‘\‘“‘“‘“\"“‘““\““““‘\““““‘

0.8

G(b)

0.6 |
0.4

02|

0.0 2.0 4.0 6.0 8.0 10.C

b (GeV)

The G(b)of pp at Js=13TeV
with h;,, dashed line — ImG(b); hard line Re G (t);
with h5,, and hi,, (0-ImG(t); O — ReG(t));



Re I'B(b), (1/GeV)

Extending of model (HEGS1) — O.V. S. Phys.Rev. D 91, (2015) 113003

1.00 —— 0.08 R e
; : :
(] Q
080 f__ < o
= - @25-3'
a %
060 } % "
E & ~

A
1E3 | {
040 |

0E0

020 F

00 50 100 150 0 2 4
b (GeV)

The profile function I{s,b): the real part (left) and imaginary part (middle)
at energies s=9.8 GeV (dashed line), s=52.8 GeV (dash-dotted line),

s=7 TeV (long dashed line), s=14 TeV (solid line).

he spin-flip amplitude in the b- representation (right) (solid line - eq.(12),

dashed line - eq.(13) long dashed line - with g factor and normal exponential form

b (GeV-1)




ImH(s,b), Re H(s,b), G, (s.b)
o o
[ [}

o
IS

0.3
0.2

0.1

L

Is=13TeV

Black disk limit

~-ImH(sb) —— exponential (3+2)

+ Ginel(s’b) -
— Re H(s,b)

exponential (3+1)
standard

- N = = e m === === o=

“‘New Physics”  arXiv:1807.06471

A.Alkin, E.Martynov, O.Kovalenko, S.Troshin

ImH (s,b=0) =0.572+£0.001;

o, =112.05+0.05; p(t =0)=0.099 +0.001;
TOTEM

o, =110.6+3.4mb; p(t=0)=0.1+0.0L;

F'(s,t) = = [ b 3,(bq) G(s,b)db
27 90
—t,>0.0156 GeV * — Coulomb free;
2 2
_ BRI B e (12) hence
kmb dt

t=1t;

I =1ImA(t) |



| P ((s=13TeV,t =0)=0.11+0.015;
' 2. HEGSh model:

Prees (s =13TeV ,t =0)=0.13+0.015;
o (s =13TeV ) =106+ 2.5mb;

3. B(t) — non-linear behavior (form factor, eikonalization);

4.The max-Odderon contribution at t=0 is very small;
5. The form of the diffraction minimum at 13 TeV shows the Odderon contribution;
most important Odderon contribution at low energies and non-small t.

6. Eikonalization leads to Re (Odd _,,) growth as Log(s/s0) ;

/. The standard eikonal approximation works perfectly

from Sqrt(s}=9 GeV up to [3TeV.



THANKS FOR YOUR ATTENTION



analysis 13 TeV

Fh(S,t)Z(i + D) O ot gBt/2

-

47 0.38938

110.6fx 20.17 0.024 1 fx

114.0 fx  21.7 0.103 1 fx 2253
111.8 20.78 0.086 1 fx 70.65
114.1 20.26 0.08 0.96 69.85

F(s,)=(+ ) ™ {,_ ()"

owumb [B=0) lpt=0) | n | zp

A O 38938

m_—
110.6 fx 11.27 0.015 1 fx
114.0 12.9 0.114 1 fx 1827
112.1 12.02 0.098 1 fx 70.2

108.8 12.06 0.108 1.07 68.25



TOTEM 7 TeV O.V. S.,"Total cross sections and $\rho$ at high energy",
Nucl. Phys. A 922, 180-190, 2014.

N | SN 2 p B C n Otot, Mb

A7 | T7.84 0.14fixed 200 | 0.— fixz | 1.05] 96.8+0.1
47 | T71.65 0.1f fix 20. 0.fix 1.05 | 97.1+£0.1
47 66.3 0.05fix 20. 0.fix 1061 97.2:£0.1
47 62.8 0.fiz 19.4 0.fix 1.05| 97.1£0.1
47 63.1 0.14fixed 172 | 2.1 £0.5 | 1.05| 97.56 £ 0.2
47 61.9 0.1fiz 177118705 | 1.05 | 97.7X0.2
47 61.0 0.05fix 182 112405 | 1.05| 97.7%0.2
47 60.6 0.fix 188 | 0.8+£0.5 | 1.05| 974 x0.2
47 60.8 —0.05fiz 193] 0405 |1.05| 96.9£0.3

47 61.1 —0.064 £ 0.05 | 19.8 0.ftz 1.05 | 96.57 £ 0.58
47 60.6 —-0.011+0.09 | 189 | 0.7+£0.9 | 1.05| 97.3£0.9

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

“Now our calculations show the inconsistency of the size of \rho=0.14 with
the parameters of the scattering amplitude obtained by the TOTEM
Collaboration.”



-tmin (GeV2)

V s, GeV

1.2

09 |

06| |

Rri(min/max)

o
03 |

0.0’ ‘2“3\\\\\\\\ o g 2 3 2 3
- 102 108 104

b, 1
R = b+b_
e In(s/so)2[3 P In(s/s,)

)°I;

Rinv

1:min :all[(1+a2 In(S/SO)Z];

a, =1.85+0.08; a, =0.009+0.001; s, =4m,.

Wi/2n (GeV2)

04 tmz
0.32

i
. B

RN N
o.1§ -4 -9--%-F il
0.0E z 3 2 3 Lt

10t 102 103 U8

\/s,GeV
Whh

Wi, =C, +C, / (¢, /NS + (VS)°T;



BSW, - C. Bourrely, J. Soffer, T.T. Wu - ( )
BSW, - C. Bourrely, J. Soffer, T.T. Wu - ()

—~0.VS. -
HEGS, - O.V.S. -

Nexp 369 955 980 3416
Npar 7+Regge 11+Regge 3+2 5+4

Vs, GeV 24 =+ 630 13.4 + 1800 52 = 1800 9 -+ 8000
At, GeV? 0.1+ 2.6 0.1+5 8.7-104+ 10 3.7-104+ 15

(Zx2)/N 4.45 1.95 1.8 1.28
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Foo (S, t)with h°,,, and h'y,,

Ampl.odd (GeV-1)

Foq(s,t) with h'y,

L0
-t (GeV2)



