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Central production at hadron colliders |

m mass spectra of exclusive pion pairs in proton-proton collisions
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Fig. 2. The centrally produced nt#~ effective mass spectrum at /s = a) 12.7 GeV and b) 29
GeV using a LL trigger and c) at 29 GeV from a LR trigger.
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Central production at hadron colliders Il

m mass spectra of exclusive pion pairs in proton-proton collisions
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Outlook

Central production event topologies

m central production with/without diffractive dissociation

sﬁ a(ty)

m Pomeron-Pomeron-meson vertex in all three topologies

P
m amplitude
M Pomeron-Pomeron — meson
m Cross section
Pomeron-Pomeron — meson
P
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Outlook

Dual resonance model of Pomeron-Pomeron scattering

m many overlapping resonances at low masses M < 3 GeV/c?
m transition into continuum
m Dual Amplitude with Mandelstam Analyticity (DAMA)

. . ! R
2 Venezlano - ,c'ﬁ'
p,  duality :f

m DAMA requires the use of nonlinear, complex Regge traject.
m resonance widths are provided by imaginary part of DAMA
m direct-channel pole decomposition relevant for central prod.

J+2
A MX7 Z Z [f t)] i (1)

T M2
:fPJJ a’M
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Nonlinear, complex meson trajectories

real and imaginary part of trajectory are connected by
dispersion relation

00 o 4
Re a(s) = a(0) + SPV/ ds > als)
Q0 0

s'(s'—s)’
imaginary part is related to the decay width
Sm a(M3)

o Mg

imaginary part chosen as sum of single threshold terms

M(Mg) =

Sm a(s) _ Z C,,(S _ Sn)1/2(ﬁ)mea(5n)‘9(s _ Sn)-

S
n

imaginary part of trajectory shown in Eq.(4) has correct
threshold and asymptotic behaviour
cn are expansion coefficients

Outlook

(Heidelberg) Resonance production in Proton-Proton collisions June 29, 2017 7 /24



Central production Dual resonance model Regge trajectories PP-cross section Pomeron flux Hadr. cross section Outlook

Two f-trajectories

m use the following f-resonances for fitting two f-trajectories
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Two f-trajectories

m use the following f-resonances for fitting two f-trajectories
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The Pomeron trajectory

m the following parameterisation is used

1+e+a M2
1—cy/sp — M?

£=0.08, &' =0.25 GeV~2, c=a'/10=0.025,
so the two pion thresh. sg=4m2.

OZP(M2) =
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Outlook

The f5(500) resonance

exclusive pion pair mass distribution at COMPASS shows
broad continuum at m_ .- < 1 GeV/c?

this mass range attributed to fp(500) resonance

at hadron colliders, this mass range is seriously suffering from
missing acceptance for pairs of low tranverse momentum
fo(500) is of prime importance for understanding of

» attractive part of nucleon-nucleon interaction
» spontaneous breaking of chiral symmetry

parameterised by Breit-Wigner form

— Mol
6
M2 — M2 + iMoTl (6)

AM?) = a
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Outlook

The Pomeron-Pomeron cross section

m the Pomeron-Pomeron cross section derived from imaginary
part of trajectories (f1, f», Pomeron) by the optical theorem

PPIM?) = SmAM?t=0) =

]J+2 Im a;(M?)
2. 2" §Rea R+ GmaEe )

i=f,P J

m the f5(500) resonance contributes to the cross section
4 m2 M2T12
M? 1— — T~ : , (8
Ufo(SOO ( ) M?2 (/\/I2 — Mg)z + Mgrz ( )

with the resonance mass of My = (0.40-0.55) GeV and a
width T = (0.40-0.70) GeV
m background term

Jbackgr (MZ) =Ccx* (O 1+ |Og(M2)) mb7 (9)
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The Pomeron-Pomeron cross section

m contributions of the f,(500),f;, f» and Pomeron trajectory, and
the background
m R.Fiore et al.,Eur.Phys.J.C76 (2016) no.1., 38.
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Cross section at hadron level

m differential cross section do = mﬁf dqQ
M = inv. amplitude,
dQ = Lorentz-invariant phase space
flux = flux factor

2 P
B [M|*dQ = fluxprot dopror = fluxpom Firot' doPom

m F7oM = "Distribution of pomerons in the proton”

_ fluxpom FPom
m doprot = Fluxprot Forot' dopom

m flux factor for collinear two-body collision of A and B:
— 4% 2 2 2\1/2
flux = 4.*((pa - pg)* — mam3)
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Outlook

Pomeron distribution in the proton

" Distribution of pomerons in the proton” = F,f(t,{)
A.Donnachie, P.V.Landshoff, Nucl. Phys. B303 (1988) 634.
» t = 4-momentum transfer to the proton (Mandelstam t)

» ¢ = fractional long. momentum loss of proton = 1.-xf¢

m Pomeron couples to quarks rather like a C = 41 isoscalar

photon
m FP(t,6) = % [F1(t)] 261-2() integrated over azimuth
m Fi(t) elastic form factor

Pomeron traj. a(t)=1.+¢+a't, ¢ ~ 0.085,a’=0.25 GeV 2
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Outlook

Resonance cross section at hadron level

o] s Fhens a0 (85, 5. G5)0n (Mt )dtadeaddiodEsdts
(10)
kinematic transformation (A¢p = ¢pa—dp):

(tAa 5/\7 tB? gB: A¢) — uy,u_,v_, MX7 pT,X
M,: mass of central system, Pt ,: trans. mom. of central system

o //// f/uxP ~p p PT, xde x O’PP(MX, Uy, u,)MXJdMXdUeru, dv_
PP

flux, FoaFps [F 2 w2
P-,— H27( T,x2 x)

2y

dopp _// fluxp EPEP O’PP(MX, Uy, u_ )M Jdudu_dv_
dMydpt . JJJ fi PA” PB =
PT, uxp pT H? — (p2T’2X-ZM3)
Y

F=F(us,u_,v_), G=G(uy,u_,v_), H=H(uy,u_,v_)
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Differential hadronic cross sections

; : 1.
m QCD motivated t-dependence of PP cross section o T

do

m convolute PP cross section with DL PP-dist. to get i dpr s

m integration range éag < 1073, |tag| < 1.5 GeV2.

mass (GeV/c?) mass (GeV/c?)

do(pp— ppfy(980)) do(pp—ppfr(1270))
dMxdpT xdy dMxdpT xdy
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Fractional longitudinal momentum loss
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Outlook

Conclusions and outlook

m Model presented for Pomeron-Pomeron cross section in
resonance region M < 5 GeV.

m Cross section at hadron level derived by convoluting
Pomeron-Pomeron cross section with Pomeron distribution
and scaling by Pomeron /proton flux.

m Cross section at hadron level calculable for event topologies of
single/double diffractive dissociation (work in progress).

m Model can be extended to lower energies where Reggeon
exchanges contribute.

m To do: absorptive corrections, multi Pomeron exchanges.
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Backup
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Outlook

Nonlinear, complex meson trajectories

m real and imag. part of traj. are related by dispersion relation

Re a(s) = a(0) + ;PV/OOO dslj(n;,a_(ssg. (11)

m imaginary part chosen as sum of single threshold terms

Sma(s) = Z cn(s — 5,7)1/2(H

S
n

YRectenllgs — s,). (12)
m real part of trajectory given by

Re a(s IZ 10 '_7:;3/512F1(1,1/2;>\,,+2SS)9(5,,—5)

R Z F?A ++3/2)x/§ 2F1(=An, 1;3/2; isn)e(s —n )
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Outlook

Lorentz-invariant phase space

m 2 — 3 body reaction: A+ B—-1+2+ X

m Lorentz-invariant three-particle phase space:

d3'51 d3'52 4 44
(G V2E, (naE,® P20 (Pa+ Pe — PL— P2 = Px)

= J - dtadéadpadtedésdos (14)

with J = Jacobian determinant of the transformation

(PL, Py, Px)(27)*6*(Pat-Ps—Pi—Po—Px) — (ta, &, ba, ts, £, d8)
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Outlook

The Pomeron trajectory |

ap(M?)=1.+c+a M? —cy/sy — M2, (15)

Linear term in Eq. 14 is replaced by heavy threshold mimicking
linear behaviour in mass region M < 5 GeV.

ap(M?)=ag+ay <2m7r—\ / 4m72T—/\/I2)—|—042 <\/I\/T,%,—\ / /\/I,%,—M2) (16)

with My an effective threshold set at My = 3.5 GeV
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The Pomeron trajectory Il

m Pomeron trajectory parameterised as
l+e+a M?

M?) =
aP( ) 1—C\/50—M2

with resulting cross section

Pom. traj.

qotbt i by o b b b b b L
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