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Motivations: spin-parity analyzer
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[A.B. Kaidalov, V.A. Khoze, A.D. Martin et al, Central exclusive diffractive production as a

spin-parity analyser: from hadrons to Higgs. Eur. Phys. J. C 31, 387—-396 (2003)]

[V.A. Petrov, R.A. Ryutin, A.E. Sobol and J.-P. Guillaud, Azimuthal angular distributions in

EDDE as spin-parity analyser and glueball filter for LHC, JHEP06(2005)007]
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Motivations:
Problems with conserved currents

op Ot

[R.A. Ryutin , Visualizations of exclusive central diffraction,
Eur. Phys. J. C 74, 3162 (2014)]

({9 ”»
Non-Conserved” =

: ° ° °

e T Unitarization?

Fig. 2. The unitarization of the cross-section [tle 28! (B ~ EXtra Dimension?

2.85 GeV ™%, /s = 7 TeV) corresponding to the amplitude (89) ¢

in the Appendix C. The dashed curve represents the “bare”

term and the solid one represents the unitarized result. op is BOth?

the integrated “bare” cross-section. The zero at ¢ = 0 disap-
pears in the unitarized cross-section.

[F.E. Close, G.A. Schuller, Evidence that the pomeron transforms as a nonconserved vector current,
Phys. Lett. B 464, 279 (1999)]

[F.E. Close, G.A. Schuller, Central production of mesons: Exotic states versus pomeron structure,
Phys. Lett. B 458, 127 (1999)]
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Motivations: reggeon cross-sections

W q\}ti Hadron-Reggeon
o7
p

cross-section Hadron-Hadron

ql\;{: Reggeon-Reggeon cross-section

H 9. 7 cross-section

1 mb-100 mb? ~10-100 mb

~

What is the meaning
of these values?

Reggeon™?
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Introduction

K f 1 :E Soft diffractive processes
(“bare” amplitudes)

a) EL d) SD
What is a
“REGGEON’"?
“POMERON”?
LR SEI L WODCEDP  (trajectory, intercept,
residue, slope, ...)
} } } What if the reggeon is
¢) CIDP f)SD CIDP soocior | @ quantum field?
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What is “REGGEON™?

 Gribov Reggeons
(in 2+1...)
1 BFKL (QCD) ...

] Classical ...
(10+ phenomenological models)

1 Continuous & High Spin Particles
(Wigner, Fronsdal etc.)
 Hyper-Fields & Strings

+ Complex Momentum Plane
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Basics

Current operator related to the

hadronic spin-J Heisenberg field operator

(

il m%) @Hl---ﬁJ(m) s j#l---#d’ (33)

Rarita-Schwinger TST conditions

--------- Moot B
8Mf‘u1 s St :0’ q)\’y/fl'l g _0’
]“1---UJ - j(ﬂl...ﬂ.f) ; fyﬂl-..,uf.)' s y(ul...,u,g}r) :
g,u’iu’kjul-..ﬂi...ﬂk-.-ﬂj =0 gﬂéﬂknf/ul...ui...pk...uk; —f)
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Basics

Scalar-Scalar-Spin-J vertex
ff/ﬂl---ﬂj(p’ Q') — B — q|ju1---uJ’p S

Spin-J) Propagator
gz#i---#.]’/l---VJ(q) —
/d4$ eiQ(ﬂ‘J—y) <0| @#1---#J($)@V1---VJ (y) |0>

= [ (g (mP() - ),

Pole at  m*(J)—¢* =0, ie. J = ar(d?)

Reggeization prescription

FJ aI,R 2 2 ar(q?)
> @ =~ 2 @) (or(@)F
F;
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Diffractive Lego




Irreducible tensors
'9’ e (W) = (pp2..pg)
a1 v =Y ®9 (1) < (1),
s“‘ (1) & (i) g,
.Ffl b o f{il} (2)(971; Q'Q) EQ) < (V)J2
(

a\ s - .
)tii w (1) (1*)( 12Xy

4, _ il da) . And
T'! y! = ylndns} =yl o (@, )

1,

N\

q,

/]L[J = H{JI:JIMJE:.JEI} — Htjl)j(lf)j(g)j(gf)(QI; QQ)
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Transverse Symmetric tensors (V,W,F)

B (pﬂ_%“-}'ﬂ:)
- V% — (p9)?/q?

(Pc o :D;;h qi a)

P = —
VME = (pegi)*/g;

= _ Gr a1 q9r o

G{:ﬂfr*) — G(?*r}alaz = Joy1as — 12 ’ )
dr

ai,2 € (r),

_ _ qr aqr B
G(r’r*") = G(r'r’)a,ﬁ = GJaB — T E';Q-'" 3

r

€ (r)&pe(r),

Qi = —qi =

Q1Q2

mw — . Am =1- 2
X q1q2 Xm
= ok . s aqr B
G(rs) — G(rs)aﬁ = GgaB — e ’
(r(s

r#s, a€(r), Be(s),

Gapgra =0, G(Ts)ﬁﬁq"“ o = G(?*s)aﬁ% g=10
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Transverse Symmetric tensors (V,W,F)

Vidy I]_—QTL]_
Sn, _( (1) G(m)

W{ g1, Jl!} LU
Sk" LTy ( (117) 1—_[ (“‘f))

1€ 2w
2w =41, li},. Ji=Ji — 2n; — k',

1

SPJ — — gW{JJ} _ (GI QHG(]_]_)G boss ))

J—2n,nn (117)

S} = (G(IEJ 11 7 (za))

EEHP

QF = {1,2}, jag — Ji ca Qﬂri = kf,
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Transverse Symmetric tensors (Y)

.:-.-L “-JL

Y
Sk ;

H PGy 11 G?J )

et i
T3 }.'

Qv ={1,2,3}, Ji=Ji— 2 — Y kni,

i
re (2y
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Transverse Symmetric tensors (H)

H J _ Kl koo Ji [ Nk
St = | GainGeayy 11 PGt 11 G|
’iEQH‘ "G‘"T;-_"Tl;;.s
rsENY
Q= {1,1',2,2'}, J; = J; — 2m; — Z k!
re0

Gy = G(iriyag = G(ii)aB;
G(ijyap = G(ijas = Gg)a = G(irj)ap;
L (L1192 s .
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Irreducible tensors (V)

VJ( D, q —’U{](t)z JSVI

[J/2]

=10

2 2(:': -I—n—l)
=—=(J+ (D

-5)/2)

= n >0,
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Irreducible tensors (F)

min (Jy,J2)

Alaem)= Y. S5 bR

k=0
ko [(J1,2—k")/2]

.r]_._,jrg L k;(k;'IlEJE)SFEJl?'}E
1192 k% ny ng?

T g—'D

! j / T pk’+1
f?”;fl—]_ FLQ - 2(C }rl + n]- - ]-)f'flﬂg + 2X'”1'J2fn.1—|;1 'rl.2+

+2n2f::1+21 TLa — - mJQ ((}2 i 1) fffl—i—_% TLo — O'f
< f:;:l ne—1 — 2(8.)?2 T+ N2 — l)f:::lng 05 2ij1f:f1_talg—l+
+2ﬂ1f::1t21 na—1 AmJl (Jl o 1) ffflti—l — U%

¢’ = —(Ji+ (D -5)/2), Ji = (Ji — 2ni = k),
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Irreducible tensors (F)

f (k IleE)
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Irreducible tensors (W)

min (Jy,J;/)

= Tl’l.lf:{]

oy it - L
W11 (p(l)-;Q'(l)) —_ Z W), 15J4 (t ) 4
k=0
k [(Jl._if_kf)/lg]
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| ¢V =—(Jr+(D-5)/2), Ji = (Jir —2n1 — k'),

T — 1)?-Unln + 2Jrl . tll "1*’+

_|_

XXIl Lomonosov Conference on Elementary Particle Physics August 21-27, Moscow State University




Irreducible tensors (W)

(k Jl? lf)

USRIST

- 2&'—!:"—111—“1;—1 %
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General multivariate recurrence

7/ = MAa);; = (ﬁi) .
by — B" ( /—l"i)zj i

= {k;l?rkg'.l “'?kN}
+ A ={ki+ A1, ks + A, ..., Ky + AN}

" L waE s
bh_.- - 1. T — 7Tl w'l B = r ™ - - LE., Md E;
n — 'f}'f | s S B
(n —m)! L1 ;!
m=0 L g=1
j=1 7
m; =0

mul

...=mENF={]
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Irreducible tensors (Y)

J ail ]
Vg, q2) =) G5 (tr, 02) Vs
Y
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Irreducible tensors (Y)

] 3—1
./4?; — Oni X
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Solution (Y)

Change of variables and initial condition
Z (krs_k;s)_rz Ty

T, sEf2y

:.-* 2 r#s
= h

2 / / !
& 7& ki = {kim kis-; k*rs:- My, ﬂs}:
j k; = {k*ir;kis; k‘l"S} My, ﬂs},

LEsge v, i£Er £ 8
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Solution (Y)

Parameters for the general recurrence

‘5%}/ = {15 ;‘iS/Q: Xir _S‘gr/‘ia)E'ES: _5‘55/4: 1, 1}3
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2 0
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0 —1)
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1 AR AW

Solution (Y)
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Irreducible tensors (H)

b & T —F
H" (q1,92) = hz(t1,t2)Hz,
H
k

ﬂf o hk"{k I)SH ]
L T E! ﬁ?
u
k! A
~ 17 = K
QE*’,ﬁ { Qk
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Irreducible tensors (H)
A =05 (1 + zj@g‘; + 2?11-:(3;;23 Oni+

S O P LS S = A Ay
+2k;OF O O’ — 2Am J3J5: O OF" +
1] ij t] 1]

54"

1. Z [mejré;&i +2kiffré$aé:;ié:‘;},

r#i, i’
refl
+2n,042072 — Al (J. - 1) 6}7]),

ri,1,5,5 € Ru;
(G,i'Y# 5,7}, 5=1,5=7.
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Solution (H)

Change of variables and initial condition

Z (krs_kis)_ Z ",
T, C L2y TEL
h N = hk’,(k; )y 2 e h’;«:j
i | B s
.-
refly

‘ftf.'
A ||kmt€!2H
r#i '.I"‘ sEf2 gy
rEfly retagti
3 LT PR .
I‘H = {km’:kzjak i kc’jake,’j’akjj’ M, T, Mg ) 731,53 € Qn;

LH
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=/
T .

{1,i'y#{,i'}, i=1 7§
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Solution (H)

Parameters for the general recurrence
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Solution (H)

;=0 ni.=0 n; 5.s=0 I
1 1 ~ A o ~ A " T A Ll 5_’;_'
hf_]: = — Z AE S (_.1) S{;,, ¥ ('_S) S{al (1-2} B ('_T) I._C"III 11.] k—nk
4[ {{-i,j,r',s} } AI ﬂjﬁr:s-}éﬂ ; AJ nn,{,-%(] | AS ﬂr#ﬂ Aff,(_].
eP{1,12,2/ L Tl
A s oH MmH 18,1} r—F (18 F=He=F
S — Sw ’ A {Glj Q.Q}m = 4 {10, 12} r=358 G5=411 r= j,g gy’
K= BE (11,12} 7=+ |1 p=ih =]
g — =g o=s .
I=% =1 {(I'f'=I1, (Z=2
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Other method to find solutions

_‘Il'.!"rrl —
k (p)s, (v)u,

W.]l,t}'lr

k (1), (V)

%

SF
&
' & {Jls-f:::} Jy I;D-I:a
k,00 (), (B)J, (ﬂ')Jl {P?)Jl {5),12{1-’),12
s &
Sany
W {Js, 04/} J i g
k.00 (a)_;l (B)a,, p(c:r)_fl (1) gy p(.‘i';).ll; (1),
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Other method to find solutions

—a
—
=

¥ Y; J
yE (P’*)fl(u}.fg(lﬂ}-f:; - k.0 (ﬂf) J1 (ﬂ!)-'z{ﬂ”}*’i 5

J2 J3
X’P({r)fl(.ﬂ)!lp{{r) _g(‘u) P(ﬂ”) ;(F')I.]
Vo _ aH;J
1000 022070 = TEG (@5, (0, BV 8y,
Jyr J3
p(ﬂ) l(ﬁi)np{ﬂ") 1,0 (') a,, lpﬁ):z(“) pﬁ “ 0 V) X
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Non-conserved vertexes expansions

VJ

J
- J—r T
TZ_DUT [V q ]

Orthogonality

voorg] o V] =0,r £

Symmetric Traceless
[r/2] B
[VJ_T@'T‘] = Z o (V('Il;?qzljg?ll))
u=0

Recurrence + solution

Ui _a— 205 (2" +a—1) =0;

& =—(J+(D-4)/2).
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Non-conserved vertexes expansions

Y Y Wrr! { ff),_{'i’fjr“_"Jqfl)q?if)]

=0 r'=0)

[r/2] [r' /2]
. [Wi}f),_(qf*;“_? q(1)4(1 )} = Z Za&;’
Symmetric Traceless —h g

r—2u u Jy—r,Jy—r" u r —2u’
q(1) g(ll)w(ll) (1) dEreyicnn )

: Wit ™ dodiny| ® Wa ™ ahyatiy) =0
Orthogonallty [ (1),(1) 9(1)4(1") (1),(1) q(1)9(1)
rtsr s

~J1,JJyr  ~dy ~
Woyar' = V' Uy

Solution
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Non-conserved vertexes expansions

Il,fg — }r]—-" Jg—b r
szrs[ (1),(2) 1{1)‘?2(2)}

r=0 s=0
r‘/?] [bf?
° 11— Ig S 5
Symmetric {f (1),(2) @m)qz(z)] =D D fia
w1 =0 uy;=0
Traceless r—2uy U Ji—r,Ja—s us s—2uU9
(‘Fl(l) JanT ), 9e2%e) )

: {f i?)_(?)"&_wqyil)qg?m} ® [F (";1)_53"}2_52qfil)qgfml =4
Orthogonality r ’
B o

. rdy . ~ g1 ~J
Solution | fi. )12 = Uyl Uy
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Non-conserved vertexes expansions

J
o s
Y =) 3; [37(1) (2), (%)ql(l)%(?)q?(%]

Symmetric Traceless

J—7 Py o Ta L
Y(1),2),3)91(1)%2(2)93(3) | =

L 2
D Vi (ym 2.3 90Dy X

a=0

Lg Eﬂrg W L'; ELL':;
9(22)92(2)  9(33)%3(3) )

Orthogonality

J’(l) ) (%)ql(l)%(z)%(%) S

ym 2), (%)‘11(1)‘3’2(2)%(3)_ =y
Pk 8

Solution

= 11 %

™ E!?y

Fl‘-—q

N}
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Non-conserved vertexes expansions

042,200 (1) (1) Doz )quz*J

|||
"EL
Mw
:ﬂ
——
|._|.

) Symmetric Traceless
[Hm (1),(2),(27 91 (1) 91(1) 93 (2) 9o (2 }]
(7/2] . Solution
Z hg (Hm an.@,@) Iindiiy X i ¥ 7.
'Llr 2uyr ug i —2ug Uy Tt —2Uos hﬂ — Uu""
IGnnD(ry | 929z 9(zr)Ta(2) ) reRy

[ J—T ™1 LY, o o ]
H(1),(1),2),2) N1 (1) 91 (1) 92(2) 92(21) | ©

Orthogonality

J-5 1 - e
), (1,2, 911 T (1) G2y Tafeny | = 0, T# &
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3-Reggeon vertex contractions

Y o ?
Z ﬁ /é\
*rqz
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Further study

] Spin-parity analysis in CEDP
J Half-integer spins, helicity amplitudes

j rl 17 lﬂf‘l eMmarac “ |l a VP ¥alaYaXd =) eV Qf‘l,, ad B B od of
“Uui'vcu Spalc), non-conservea curt

J Hyper-fields, strings

1 Non-diffractive processes

] Unitarization

J Wolfram Mathematica package

J Universal framework for diffraction

armie
GILILD
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To be continued ...
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Transverse Symmetric tensors (Y)
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Irreducible tensors (spur §°)
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Generating function method (Y)
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Generating function method (Y)
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Generating function method (Y)
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Generating function method (H)
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Generating function method (H)
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Generating function method (H)
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