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Odderon

® 50 years ago Lukaszuk, Nicolescu: odderon is a
C = —1 exchange

Lukaszuk, Nicolescu, LNC 8 (1973) 405
Joynson, Leader, Nicolescu, Lopez, NCA 30 (1975) 345
Ewerz, 0306137

e QCD: three gluons tr. [{A*, AV} A?] ~ d,pc
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I (Gev?) ° ep collisions

o olasti _ ® exclusive productions of
elastic pp vs pp C-even mesons

[ ] Odderon found — QCD? Czyzewski, Kwiecinski, Motyka,

TOTEM, DO, PRL 127 (2021) 6, 062003 Sadzikowski, PLB 398 400 (1997)
Royon, Monday, Sep. 4, 14:00 Bartels, Braun, Colferai, Vacca, EPJC

20 323 (2001)
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Odderon in ep — epn,
® no experimental confirmation so far

— EIC, LHC UPCs?
(null result from H1 at HERA: o(y*p — 7°N*) < 49nb)

H1, PLB 544 (2002) 35-43

® more recent computations at moderate x ~ 0.1 lead to
somewhat lower cross sections than the original estimates

10t photon exchange
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Dumitru, Stebel, PRD 99 (2019) 9, 094038 Jia, Mo, Pan, Zhang, PRD 108 (2023) 1,
016015

e this work: take into account evolution effects
and consider nuclear targets
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Odderon in the CGC

® high energy collisions — Wilson lines
V(z1)=Pexplig [ _dy A"(y",z.)]

e Color Glass Condensate (CGC): emergence of a
saturation scale Q% ~ A/3

— better theoretical control for a large nuclei
Q% > Niep
® odderon as imaginary part of the dipole

F(Vx)VI(y) = VIy)Vi(x.))

1
O(x.,y,)= _Wt

e Codd: x; «+y, O(x,,y,)— —0O(x.,y,)
Kovchegov, Szymanowski, Wallon, PLB 586, 267 (2004)
Hatta, lancu, ltakura, McLerran, Nucl.Phys.A 760 (2005) 172-207
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Amplitude

ri=x,—-y,

X, ty,
2

=)
'_
Il

(P—P)-q
P-q

o CGC vertex

m(p,p') = (2W)5(P7—p'7)’y*sgn(p*)/ e i(PL=pL)zisen(pT) (7))

Z

(Mi) = eQC/ / @m)s(I~ = I')8(I7)0(q~ — Ii)eii(llflLf%AJ_)"J_
X (=iNYO(r . A D)t [S(NF(A, q)S( = @)y~ S(I" = A)(i7s)S( )]
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Amplitude

® only transverse photon polarizations A = +1
survive in the eikonal approximation

do 1 5
dit] ~ 167 (M)]

e polarization independent part of the amplitude

(M) = g~ A2 (M)

(M) = 8mieq. N, Z(—l)k// ridr Oxia(ri, A)
k—0 zJO

2k +1

riog

X .A(I’J_) Jzk(rJ_(SJ_) —

J2k+1(']_51_)] .

® result proportional to m.

A(re) = (= 1)\[mc 5 [Ko(ers)or ¢p(z,ri) —eka(eri)op(z, i)l

Dumitru, Stebel, PRD 99 (2019) 9, 094038
SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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BK equation
e odderon O(r , b)) is explicitly b, -dependent

— in principle need to solve the fully impact parameter dependent
Balitsky-Kovchegov (BK) equation

(‘9D(rL,bL) _ ach/ ri

B1% = o0 55— [D(r11,b10)D(r21,b21) —D(ri,b1)]

rir
o Ty

1 1
oy =rp —ri. le_:bJ_‘f'E(rJ__rlj_) b2J_:bJ__§rlJ_ Y:In(l/x)

_ 1 i\t ( _ ’¢>>
D(rL,bL)—thr<V(bL+ 2)V b, 5
=1-N(ri,by)+iO(ri,by)

® in general non-local in b

® this work: local approximation — b, becomes
an external parameter

Kowalski, Lappi, Marquet, Venugopalan, PRC 78 (2008) 045201
Lappi, Mantysaari, PRD 88 (2013) 114020
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BK equation

® non-linear terms couple the Pomeron-Odderon system

ON(ri,b Ne :
%:a;ﬂ-z/ L [N(rllabL)+N(r2Lgbi)*N(rl,bL)

+N(riL, b )N (r2n,by) — O(r11,b1)O(r2y, bL):I

oY 272 2 r?

le] b Ne 2
M: & / L [O(flLybL)JrO(sz,bL)*O(fl,lu)
1172

— N(riL,b1)O(ra1, b1 ) — O(r1L, by )N (ra1,by)

Kovchegov, Szymanowski, Wallon, PLB 586, 267 (2004)

Hatta, lancu, ltakura, McLerran, NPA 760 (2005) 172-207
Motyka, PLB 637, 185 (2006)

Lappi, Ramnath, Rummukainen, Weigert, PRD 94, 054014 (2016)
Yao, Hagiwara, Hatta, PLB 790 (2019) 361-366

e small ry limit: N'— 0 (linear) = O ~ e~ #Y
® large r; limit: N' — 1 (saturation) — O ~ e~ #Y

2
® in numerical computations we are replacing 0‘257:\2"& by a running
coupling kernel with Balitsky's prescription
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Initial condition for proton
e N(r.,b,): HERA fit

1 1
N(ri,b1)=1—exp ——riTP(bL)@ngolog + ece
4 2 rJ_/\QCD

Lappi, Mantysaari, PRD 88 (2013) 114020

e O(ry,b,): recent computation starting from quark
light-cone wavefunctions at NLO by Dumitru, Mantysaari,
Paatelainen (DMP)
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Dumitru, Méantysaari, Paatelainen, PRD 105 (2022) 3, 036007
Dumitru, Méantysaari, Paatelainen, PRD 107 (2023) 1, L011501
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Initial conditions for nuclei
® N(ry,b,) same HERA fit + optical Glauber

1 1
N(ri,bi)=1—exp ——riATA(bJ_)@nglog + ece
4 2 'l/\QCD

Lappi, Mantysaari, PRD 88 (2013) 114020

e for O(r,, b)) we use the Jeon-Venugopalan (JV) model

5abpapb dabcpapbpc
[ ] X1 2//62 K

Jeon, Venugopalan, PRD 71 (2005) 125003

g0
Ra—

O(ri,b )=~ b, 5

8

1 1, o0 1
X log uAQCD—b—eCe exp —ZrJ_ATA(bJ_)7st0|Og uAQCD—}—eCe

A [ 2/39Ta(b1) :| Al/z(Qs,ou)3(h_ . lAu_)

. _ _ 3 N4 (QsoRa)’
® in the JV model )\JV S _EWW

Kovchegov, Sievert, PRD 86 (2012) 034028

Boer, Van Daal, Mulders, Petreska, JHEP 07, 140 (2018)

SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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Numerical solutions: proton

® rapid drop of the odderon with evolution

® does not obey geometric scaling

—_—— 102
v =107 DMP model
~z =10 .
0.20f . — 1ot proton
I
<015
S b, =04 fm b, =0.6fm
S
% 0.10
=
0.05
000=="F2—01 0% 03 02 04 06 0%
r i (fm) ri (fm)

Motyka, PLB 637, 185 (2006)

Lappi, Ramnath, Rummukainen, Weigert, PRD 94, 054014 (2016)
Yao, Hagiwara, Hatta, PLB 790 (2019) 361-366

SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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DMP vs JV for proton

peaks at the edge  dT,
of the proton b,

0.20

peaks within DMP model

the proton (ll\s

0.00

JV model

r; =03 fm

02 04 06 08 10
b, (fm)

SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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Odderon in case of nuclei

e for nuclei Ta(b_) is given as a Woods-Saxon

profile
—r=10"2
0.6l A8 Cu Al i ~ 0
=104
r; = 0.3 fm
00 2.5 5.0 7.5 10.0 2.5 5.0 7.5 10.0 2.5 5.0 7.5 10.0
by (fm) by (fm) by (fm)

e slight shift of the peak position with evolution to

small-x
SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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Results: proton target

T

Q2 =1Ga? DMP 10¢
proton 10°

photon exchange

do/dt [fo/GeV?]

]

2g+photon exchange\

R 0 i

500 05 10 15 20 25 3 0.0 0.5 1.0 15 20 25 3.0
I1] (GeV?) [1-1,| [GeV?]

2
= Primakoff 0%

C=+1:#

x~102-10"* x ~ 0.1

e weak |t|-dependence: not changed by evolution
to small-x
— probes the odderon in the high |t| > 1.5 GeV? region

® confirming the general conclusions by Dumitru and Stebel

Dumitru, Stebel, PRD 99 (2019) 9, 094038
SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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Contrast with J/V

107
10! Q% =1GeV? 77C 108 J/w
100 N\ 2
[} = full cross-section
S
2 e
10 one-body contribution
100 a =107
= Primakoff Y+p—Iy+p
0.0 05 10 l;'v L2025 03 0‘10.1 ofz ofa 054 ofs ofe o'.7 ofs ofs 1.0
[t] (GeV?) [t-t,5, | (GEV?]
weak |t| AHA strong |t|
. 0:1 K
—_ dependence ——— dependence
Y Y

® | andshoff mechanism

Donnachie, Landshoff, Z. Phys. C 2 (1979) 55

Czyzewski, Kwiecinski, Motyka, Sadzikowski, PLB 398 400 (1997)
Dumitru, Stebel, PRD 99 (2019) 9, 094038

SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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Results: neutron target

— a way to suppress the Primakoff background!

10*

10*

DMP

; DMP

104

l'm fh/GeV2)

i i Q*=1GeV?
109 Q> =1 GeV?

0.0 05 1.0 15 20 25 3.0 00 05 1.0 L5 20 25 30
[t] (GeV?)

[t] (GeV2)

— odderon dominance for all |¢|!

® measurement prospect: d or 3He with spectator proton
forward tagging

SB, Horvati¢, Kaushik, Vivoda, 2306.10626
CLAS, PRL 108, 142001 (2012)
Frigci¢ et. al. PLB 823, 136726 (2021)
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Nuclear targets: preliminary
comments

® assumption: JV model captures the
A-dependence, but odderon coupling has some
uncertainty

T T LT TR T T
e Sael S

® upper bound by group theory
constraint
Kaiser, JPA, 39, 15287 (2006)
Lappi, Ramnath, Rummukainen, Weigert, PRD 94,
054014 (2016)

_—

I

ultimately to be determined experimentally

consider the odderon coupling as a free
parameter
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Results for nuclear targets

—r= mj

wr=10"

=107 Au
Primakoff

Q> =1 GeV? |
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SB, Horvati¢, Kaushik, Vivoda, 2306.10626

Benié¢ - Imaging the Odderon from 7. - Low-x - 2023/09/04

® result for maximal

coupling allowed by
group theory

cross section in
nb/GeV?!

odderon contribution
has a shifted diffractive
pattern with respect to
the Primakoff cross
section

mismatch becomes
more pronounced at
small-x/large |t|



Origin of the mismatch?

® the odderon cross section at leading twist

do _ onqlaalACERR(0) [t T (/TH])
dit] N.m? m?

c

SB, Horvatié, Kaushik, Vivoda, 2306.10626
e contrast with the Primakoff cross section

do_ mqladZ2NRE(0) TEE(y/]t])?
dlt] — mS t]

Jia, Mo, Pan, Zhang, PRD 108 (2023) 1, 016015
® in our Woods-Saxon parametrizations

Rstrong Rcharge dj\trong dcharge

— shift is not seen at leading twist

— origin is the multiple scatterings+small-x

evolution in the odderon distribution
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Mismatch as odderon signature

® basic premise: locations of the Primakoff diffractive
minima “known" from nuclear physics

(any plans to measure nuclear charge FFs at the EIC?)

- i — total
111’ \ Primakoff ‘
2L M 1\ ~— @
: and 7 out-of-phase
O and 7 in-phase 1] \ ’ and 7y p
N Q%=1 GeV?
& [\ \ -
% 1 ‘ r=10"
s | ¥ TN X
F w0 g A X
] | 1Y AN
<=1072 H
i \
107 I
10~
Au
0.00 0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08
[#] (GeV?) |t] (GeV?)

— odderon signature: a mismatch in the diffractive
minima of the cross section w.r.t the Primakoff reference
SB, Horvati¢, Kaushik, Vivoda, 2306.10626
® large odderon coupling (A): Primakoff diffractive dip gets washed
away
® sensitivity to the sign of A
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Mismatch as odderon signature
® basic premise: locations of the Primakoff diffractive
minima “known” from nuclear physics

(any plans to measure nuclear charge FFs at the EIC?)

= — total
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— odderon signature: a mismatch in the diffractive
minima of the cross section w.r.t the Primakoff reference
SB, Horvati¢, Kaushik, Vivoda, 2306.10626

® can this be measured?
® need fine t-binning + control over incoherent contribution
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Mismatch for different nuclei species

(nb/GeV2)

do
1t]

C

i Primakoff
02 0.04 0.06 0.08 0.02 0.04 0.06 0.08 0.02 0.04 0.06 0.08
t] (GeV?)

lt] (Gev?) ] (GV?)

diffractive pattern modified across nuclear species as a

consequence of the geometry
® somewhat more pronounced in case of lighter nuclei

® another handle: nuclei with neutron skins

SB, Horvati¢, Kaushik, Vivoda, 2306.10626
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Comments

® can 7). be measured at the EIC (or LHC)?

— proof-of-concept results, should translate to
light mesons (7%, 1)/ C-even quarkonia states

® need to fix the odderon coupling

— can elastic pp vs pp help?

e forward limit |t| — O cross section vanishes

— consider the spin-flip contribution from the

gluon Sivers function
Boussarie, Hatta, Szymanowski, Wallon, PRL 124 (2020) 17, 172501
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