Comments on the Odderon discovery
M.G. Ryskin PNPI

“The TOTEM collaboration at the LHC, in collaboration with the D0
collaboration at the former Tevatron collider at Fermilab, have announced
the discovery of the odderon an elusive three-gluon state predicted almost
50 years ago.

The combined significance of these results is larger than 56”7 (CERN
Courier)

This is good from the sociology and PR viewpoints
(these measurements should be continued)

Misleading form the physical viewpoint



Odderon was “discovered” 4 times:

e difference in do(pp)/dt and do(pp)/dt in dip region at /s = 53 GeV
e Large Re/Im = 0.28 ratio for pp at 546 GeV (UA4)

e small Re/Im = 0.10 at 13 TeV (TOTEM)

e NOW - difference in do(pp)/dt in dip region at /s = 1.96 TeV (DO0) for pp
and do(pp)/dt at 2.76, 7 TeV (TOTEM) extrapolated to 1.96 TeV

TOTEM-DO0 2012.03981




I believe that Odderon exists
(i.e. C-odd amplitude which contribution does not
decreases (or decreases very slowly) with energy)
[t is exists in pert.QQCD (at least at very small distances).

However [ never trust 5-60 .
betore the value of the C-odd amplitude will be evaluated.



Theory:
At the lowest o, order (Born approx.)
Odderon = 3 gluon eXChange




Properties: C-odd

1. Odderon does not couple to pion/meson
(due to C-parity)

2. a(0)pge =09 — 1<1

3. Odd. Couplmg is small
TOdd ™~ o’ 9 < Tmm >~ ImbBKP
Opom ~ 0g <12 >~ 40mbRBFKL

4. Small size (=small ¢-slope and small «;,,)
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Fig. 6 pp and pp differential cross sections at /s = 53 GeV
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P N* N°*
A(b) = i(1 — X))

—y(b)=Pom + Odd
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do/dt (mb/GeV?2)
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Martynov-Nicolesku, Eur. Phys. J. C (2019) 79:461
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do_/dt (mb/GeV?)

ISR pp at 62.5GeV  (x100)
- model 2 (tuned 2018)
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do_/dt (mb/GeV?)

Tevatron
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FMO = 1n 5|0 In*(—is) + Oz In(—is) + Oj]

FMO FMO-C
()} (mb) - (.44278E-01 0.20397E~03 0.42841E-01 0.17151E~03
0 (mb) 0.93254E+00 ().14218E~01 0.83063E+00 ().14265E-01
()5 (mb) ~().17655E+02 0.30820E~01 0.17510E+02 .76993E~01

Y:/NDF ~ 1.6
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0.26 < -t < 1.2 GeV?
¥2INDF = 73.6 / 17, CL = 5e-07%

y pp 1.96 TeV - D0
$ PP 7 TeV - rescaled




Odderon

direction of
G (mb) interpolation 5 lo'no xz NDF CL[%] |significance in
comparison :
units of ¢
: 7 -->1.96 TeV 84.6 17 | 5.8E-09 6.55
in-exp
BaES T 289 65 | 5.3E-28 11.38
S 1.06 > 7 TeV
. 7 -->1.96 TeV o1.1 17 | 3.8E-10 6.94
INn-iiN
1,96 > 7 TeV 314 65 | 2.6E-32 12.22
r 7 -->1.96 TeV 90 17 | 6.1E-10 6.88
-eX
S, IREER 1.96-->7 TeV 309 65 | 1.9E-31 12.05
L o 7->1.96 TeV 96.2 17 | 4.5E-11 7.24
s 1.96 --> 7 TeV 335 65 | 5.4E-36 12.89




Odderon

direction of
G, (Mb) interpolation _ xz NDF | CL[%] |[significance in
com pa rison .
units of ¢
i 2.76-->1.96 TeV 7.64 11 74.5 0.33
in-exp
176411 1.96-->2.76 TeV 20.30 27 81.8 0.23
-l 2.76-->1.96 TeV 7.90 11 12l 0.36
in-lin
1.96-->2.76 TeV 24.50 27 60.2 0.52
o 2.76-->1.96 TeV 3.85 11 97.4 0.03
P 1196->276 Tev| 1540 | 27 | 9.3 0.05
20.2+14
o 2.76-->1.96 TeV | 4.32 11 96.0 0.05
N 1965276 Tev| 1820 | 27 | 897 0.13
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Dispersion relation

ReA(s,t = 0) = L [0 &AWAGD 1 oo dIMAK

s'—s | Am?2 s'—s

ImA(s,0) = o4

1 0 dso(pp)(—s'+4m?) 1 ds'o(pp)(
ReA(S,t — 0) — EI—OO / | f4m2 /

5 —S S —S

for apgg ~ 1
REZAOdd ~ In S-IHIAO(M 1.e. RGAOdd > > IHlAOdd

ReAeren < < IHlAe’L-‘En

ReAeyen(s, t =0) ~ 2 [, ds'o(pp) ., 700(s)

J2_¢2 T 20lns
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Fig. 18: Predictions of COMPETE models [32] for pp interactions. Each model is represented by one line (see
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Donnachie-Landshoff, Phys.Lett.B 798 (2019) 135008

No Odderon (0 < [t] < 0.1 GeV?)
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C-even meson photoproduction

o(yp — 7)) ~ 300 nb (< 39nb - HERA)
(Rueter, Dosch, Nachtmann Ph.Rev. D59 (1999) 014018)

C-even Odderon Signal Backgrounds
meson (M) | Upper QCD Pomeron-
Limit Prediction vy | Pomeron | V — M +~
0 7.4 0.1-1 0.044 - 30
f2(1270) 3 0.05 - 0.5 0.020 | 3-4.5 0.02
1(548) 3.4 0.05 - 0.5 0.042 | negligible 3
e — 1(0.1=0.5)-107 | 0.0025 | ~ 1077 0.012

Table 3: The expected cross sections (do/dYy; at Yy, = 0 in pb) of the Odderon signal and
backgrounds in the CEP* ultraperipheral production of C-even mesons (M) in high-energy proton-
lead collisions (Pb+ p — Pb+ M + X) integrated over the interval 0.2 < p; < 1 GeV. In the 7,
case a total branching ratio of 0.05 has been applied, i.e. summing over the channels discussed in
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THANK YOU



Bethe phase ¢ = In @ + v + const
p depends on const. For ¢ =0

Kohara-Ferreira-Rangel (Ph.Lett. B789, p.1)

got p = 0.131 with y*/ndf = 0.94
p=0.112 £ 0.005 for const=2 (x*/ndf

= 0.96)

Cudell-Selyugin (1901.05863) accounts for

correlated errors and normalization factor n.

They got (const=0):

Otot — 106.4 = 2.2 mb, P = 0.098 5
n=0091+0.04 (x*/ndf=0.81)
(79 points  0.0008 < |t| < 0.07 GeV?)

- (0.008,



D

Vs P Otot | Oa | Ba(t =0) | 0pn
(TeV) mb | mb | (GeV™2) | mb
0.1 |0.141 | 48.3 | 8.8 12.6 2.6
0.546 | 0.129 | 64.6 | 13.8 14.8 3.5
1.8 | 0.121 | 78.1 | 18.2 16.7 4.2
7 10113 | 955 | 24.1 19.1 5.0
8 | 0.112| 974 | 24.7 19.4 5.1
13 10.109 | 104.2 | 27.1 20.4 5.4
100 | 0.099 | 136.2 | 38.6 25.4 6.9




Maximal Odderon Violates unitarity
2ImA,(b) = |Ay(b)|* + Gipe(b) (s-unit.)

Solution: A (b) =i(1 — e**0)) [ = by/5/2
5(5) — (56-?_.-'671 T (S(_')(Zd Im(sf:’z.ren(b) > () p—9 +—)
Max.0dd. assume Apz; = af(clns —b)

Then o(pp — p+pp+p)(b) > 'Ins T Y,

i.e. Imo,,.,(b) xIns==> A, =1




do /dt (mb/GeV?)

ISR pp at 62.5GeV (x100)
model 2 (tuned 2018)
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QCD Odderon

A. Theory

B. Experiment (do /dt)
1. Small |¢] p=Re/Imatt=0
2. Dip region (y/s = 53 GeV, y/s = 2.76 TeV)

C. Vector meson photoproduction

1. HERA limits
2. p+Pb collisions (expectations and background)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35

