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Diffractive mechanism
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Absorption effects

. Born pp—rescattering wp—rescattering
pp—rescattering — — _ v 27, Born — o 7 IP—exch. 1.2

« absorption corrections due to pp interactions (ISI & FSI)

< new absorption corrections (rrp FSI)

. . Born 4+ (NN —rescat.)+ (7w N —rescat.)
Ratio of full and Born cross sections < S? >= ¢ —Forn




Comparison with ISR data
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ISR data: R.Waldi, K. R. Schubert, and K. Winter, Search for glueballs in a
pomeron pomeron scattering experiment, Z.Phys. C18 (1983) 301-306.

43



[
)
[\S)

T T TTTT

[E—
@)

do/dM._. (ub/GeV)

107!

ISR data:

Comparison with ISR data

IIIIIII| I

A g = 1.6 GeV (solid)
Ay v =1.2,1.6 GeV (da

| 1 1 ) I I T | 1 I
pp > pp T
\s = 63 GeV

ISR data
Iynl < 1.0, |Xp| > 0.9

/
IIIIIII|

shed

N
\ AN
\\ N
! NN

1 2 3 4
M, (GeV)

do/dM._, (ub/GeV)

102 - | | “..| I | | | | | | I I I I I | | a
- 9 - ]
C e * pp = pp T ]
i ~’ \s=62GeV ]
i ISR data 1
10F ly | < 1.5, |Xp| > 0.9_:
1 - =
B AN ]
- \ i
B . \ i
Ay g = 1.6 GeV (solid) AN
[ | Ay =12, 1.6GeV (dashed) N
’ N

10-1 1 1 | 1 | 1 | 1 1 | 1 | 1 | 1 l
0 1 2 3 4
M. (GeV)

Left panel: R.Waldi, K. R. Schubert, and K. Winter, Search for glueballs in a pomeron pomeron scattering experiment,
Z.Phys. C18 (1983) 301-306;
Right panel: A. Breakstone et al., (ABCDHW Collaboration), The reaction Pomeron-Pomeron = nitn- and an unusual
production mechanism for the f2(1270), Z.Phys. C48 (1990) 569-576.



Comparison with STAR (preliminary) data
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STAR data: L. Adamczyk, W. Guryn, and J. Turnau, Central exclusive production at RHIC,
Int.).Mod.Phys. A29 no. 28, (2014) 1446010, arXiv:1410.5752 [hep-ex]. 5 ‘



S l__ 1 1 1 ‘ T 1 1 T | 1 T 1 1 | 1 1 1 1 1
G gof. PP PP T, \s =200 GeV E
B F mJi<l Mm<2 p >015GeV :
_g 70 0.005<-t, -t,<0.03 GeV =
< - 0.5<M,, < 1.0 GeV STAR data ]
© 60 =
o C ]
50F =
401 =
C o/ ]
30 =
20¢ T {\ N
10 - Ay 5= 1.6 GeV =
- Agm=1.4,1.6GeV -
0 T' 1 l 1 ‘ l l l | l 1 l l | l l l l
-2 -1 0 1 2
nTCTC
N 100 T T T T I T T T T I T T T T T T
= B I
= | pp > pp v, \s=200GeV |
|\

o - <1, M _l<2, P> 0.15 GeV -
o 80F 0.005<-t, -, <0.03 GeV? -
= - 0.5<M,,;<1.0GeV STAR data |
,8 I ]

60 —
40(- -
20 -
_ N
- Ay p=1.6GeV s
| Agrw = 14, 1.6GeV il
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 L
0 50 100 150
de
¢ (deg)

(nb)

P

o

do/do

Comparison with STAR data

do/dn_dj (ub)

0.1

T T I\Slzlzl | T
0.08
0.06
0.04
0.02
1 ‘ 1 . . .. | .- 1 ! O
0 50 100 15(21
300_ | 1 I I | I 1 T I | | 1 I | T T ] ¢pp ( eg)
. pp — pp T, \s=200 GeV ]
250 mJ<1l, Mm_<2 p >015Gev|  The decrease of
L 0.005<-t,-t <0.03GeV> 1 azimuthal
200F T 09 sMe < 10GeVH - dlistribution
i . STARGE 9t @ = mis due to
150:_ A= 1.6 GeV |/ the condition
: , |I7nn| <?2
100~ ~ T T T T —— - e
- \\ N
L} ~ N
50 —4— NG
0: 1 1 1 1 | 1 1 1 1 | 1 1 1 ! | 1 1 :
0 50 100 150



Comparison with CDF data
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(right panel) our model results are much below the CDF data which could be due to a
contamination of non-exclusive processes

« effect of 'stretched exponential' parametrization is small (see thin vs. thick lines)

CDF data: T. A. Aaltonen et al., (CDF Collaboration), Measurement of central exclusive n*n- production
in pp collisions at Vs = 0.9 and 1.96 TeV at CDF, Phys.Rev. D91 no. 9, (2015) 091101, arXiv:1502.01391 [hep-ex]



Predictions for the LHC
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Predictions for the LHC

ALICE CMS+TOTEM, ATLAS+ALFA
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Predictions for CMS+TOTEM, ATLAS+ALFA
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Predictions for CMS+TOTEM, ATLAS+ALFA
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Predictions for CMS+TOTEM, ATLAS+ALFA
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Predictions for CMS+TOTEM, ATLAS+ALFA
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The measurement of forward/backward protons is crucial in better understanding

of the mechanism reaction (absorption effects)
see R. Staszewski, P. L., M. Trzebinski, ]. Chwastowski, A. Szczurek, Acta Phys. Polon. B42 (2011) 1861)
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Cross sections (in ub) for diffractive contribution

V5 (TeV): 0.2 (STAR) | 1.96 (CDF) | 7 (ALICE) | 8 (CMS) 13 (CMS)
Aosrz = 1.6 GeV 0.23 3.69 6.57 23.92 28.64
Aossp = 1.0 GeV 0.09 0.63 2.16 7.88 8.98
Aosrar = 1.6 GeV 0.26 6.45 9.12 33.60 10.92
Aosrar =1.2GeV | 0.17 (0.13) 1 | 2.48 (0.90) | 4.65 (3.00) | 17.14 (10.83) | 20.65 (12.71)
Aossar = 0.8 GeV 0.07 0.58 1.74 6.48 7.45

The integrated cross sections in ub for the central exclusive 77~ production
via the double-pomeron/ for exchange mechanism including the NN and 7N
absorption effects. The results with cuts for different experiments and for the
different values of the off-shell-pion form-factor parameters are shown.

1 The numbers in the parentheses show the resulting cross sections multi-

plying the amplitude by the suppressed factor f(M; ).

STAR cuts: [7x| < 1.0, [nrr] < 2.0, p1 » > 0.15 GeV, 0.005 < —t1, —ts < 0.03 GeV?

CDF cuts:

0| < 1.3, [yar| < 1, pt.r > 0.4 GeV

ALICE cuts: |7x] < 0.9, p1 » > 0.1 GeV

CMS cuts:

Nr] < 2.0, p1 > 0.1 GeV

14



Tensor pomeron model

C. Ewerz, M. Maniatis and O. Nachtmann, Annals Phys. 342 (2014) 31

Regge-type model with effective vertices and propagators respecting the standard C parity and crossing
rules of QFT:

C = +1 exchanges (IP, f,, a,) are represented as rank-two-tensor exchanges,
C = -1 exchanges (odderon, wy, p,) are represented as vectorial exchanges.

Example: pp elastic scattering via effective tensor pomeron exchange

| | : | 1 1
e (pf p) =T\ (o p) = —i3Bpnn Fi((0) — p)?) {5 @ + D)o+ + D)) = 790 (P + 15)}

1P 1 1 . «@ —1
ZALV?A(S t) = 4s (g;mgw\ + 9urGurk — §gﬁwgﬁ>\> (_ZSO‘/P> r®
4m?2 — 2.79t
= 1.87 GeV ™! t)=ap(0) +apt Fi(t) = P
BPNN eV, ap(t) =ap(0) +apt, 1(1) @2 = (1 = 1m)?
ap(0) = 1.0808, o/p = 0.25 GeV ™2, m% = 0.71 GeV?

s>>4m . o —1
MZ72 0 (5,8~ 25 [38pn FL (8] (—isalp)®™ D7 63 x, Gaon,

Tensor pomeron gives, at high energies, the same results for the pp and pp elastic amplitudes
as for standard Donnachie-Landshoff (DL) pomeron (frequently called a 'C = +1 photon').

The DL pomeron is very succesful, but there are problems. An effective vectorial exchange gives opposite sign
for pp and pp amplitudes. But /P exchange must give same sign.
In the other words: IP exchange has charge conjugation C = +1.

A tensor couples equally to particles and antiparticles and the relative sign between pp and pp is correct
automatically.
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Resonant p° production

Dominant resonant contribution comes via C = +1 exchanges (/P, leR)

p (Pa) p(p)
Mottt = MOT £ MIY o MOT g ppfom
,
- K2(k2 —m2)]
: FO (k%) = |1 P
\p Eig] - 7T+(p3) ( ) + A% ]
s '.:\ _ M(7P+’Yf2ﬂ%) NZ@( _|_ ),uF (t )5
Pt o T P MU S e = 01+ pa) P00,
’ m, 1 Jorn - .
xe—E o Af) (a1) AL (paa) Z35 (ps = pa)" FO () FY (03)
0
X VP21 (5ot qr, paa) Far(t2) 2(p2 + Do) o (P2 + D) s F1 (£2) 00,
1 N (074 — —_ . o —_
V/,WRA(S7t7q’p34) - E{QFLOV)HA(]%M’ —q) [36PNN aPPP(_ZSO‘/P) pE)-1 + M, 1gf21RPP afzﬂapp(_zsalll%+) w4 (0 1}

_Ffv)f‘é)\(p%’ —9) [SBZPNN bippo(—isalp)* ™D+ My g1 btympp(—isalp, )"+ (t)_l} }

tensorial functions: C. Ewerz, M. Maniatis and O. Nachtmann, Ann. Phys. 342 (2014) 31

The coupling constants in the IPpp and f, pp vertices have been estimated from the parametrization

of total cross sections for pion-proton scattering assuming oot (p°(e**=%1) p) = L (7401 (7, p) + 1ot (7, )]
and are expected to approximately fulfill the relations:

2m> appp + bippp = 4Bprr = 7.04 GeV ™!
Zm?) Afampp + Ofompp = M()_lngJRTWT =9.30 GeV ™! My =1 GeV 16



Photoproduction of p’ meson

2
m
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Non-resonant n*m- production

The inclusion of these diagrams is a gauge invariant version of the Drell-Soding
mechanism.

Set of vertices respecting QFT rules (O. Nachtmann et al., JHEP 1501 (2015) 151)
T . 1

T (K k) = =i2Bpen | (K + K)a(K + k)5 = 7905k +E)*| Far((K —k)?)

iLO™ (K k) = ie(k + k), Fu (k' — k)?)

LT (g K k) = —ie2B8par (2000 (K + k)5 + 2950 (K + K)o — gag(K' + k)]
X Fur(q?) Far((K =g — k)?)
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Due to the photon propagators occurring in the diagrams we expect
the photon induced processes to be most important when at least one of the
protons is undergoing only a very small momentum transfer.
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¢,, and ¢ distributions
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The effect of ¢pp deviation from a constant is due to interference of y-IP and IP-y amplitudes
(see W. Schafer and A. Szczurek, Phys. Rev. D76 (2007) 094014 for the exclusive production of J/y meson).

- One could separate the space in azimuthal angle into two regions: ¢,, < n/2 and ¢,, > n/2.

The photoproduction contribution in the first region should be strongly enhanced for pp-collisions.
Also a cut on ¢__could help to enhance the photoptroduction contribution.

The absorption effects lead to extra decorrelation in azimuth compared to the Born-level results.
< 5% >~ 0.9 for the photon-pomeron /reggeon contribution 21



M__ distribution
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The non-resonant (Drell-So6ding) contribution interfere with resonant p°
contribution —» skewing of p% line shape.

Here we take a relatively hard form factors for the resonant contribution
and no form factors for the inner yIP - n*m processes for the non-resonant contribution.
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M__ distribution
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At higher p, our calculation gives a strong

cancellation between the resonant
and the non-resonant terms
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A possible way to include form factors for the inner
subprocesses (in order to maintain gauge invariance):

MOP) = (M 4+ MO 4+ M©) F(p2, p2, p2,)

F2(pi) + F*(py)
F(p}, ps:p34) = 1+tF2(_p§4) : F(p?)

2 2
AL —mE

oAz - p?
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do/dM,. (ub/GeV)

« The pp = pprtr- process is an attractive for different experimental groups
(COMPASS, STAR (R. Sikora talk), CDF, ALICE, CMS+TOTEM, ATLAS+ALFA, LHCDb).
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Summary
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M | <2.0 ]
N p, >0.1GeV 7

0.5

G
M, (GeV)

We observe that at midrapidities the photoproduction term could be visible in LHC experiments.

Future experimental data on exclusive meson production should provide more information
for both diffractive and photoproduction mechanisms.

Exclusive production of light mesons shows the potential for testing the nature of the soft pomeron
and on its couplings to the nucleon and the mesons, the interference effects between resonant and
non-resonant contributions, absorption corrections, form factors.
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Predictions for ALICE
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pp- and np- absorption effects included
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