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Introduction

The basic idea: The pp and pp elastic scattering amplitude can
be well described as a function of “even” and “odd” parts with
Pomeron (P), Odderon (O) and secondary Reggeons (f, ®):

A(s,t)PP = Ap (s,t) + As(s,t) £ [Ay (8,1) + Ao (8,1)]

PP

Agg — Ae:uen L Aodd

At higher energies (LHC) secondary Reggeons are negligible:
AP — AP = Ao
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Introduction

Problem: available elastic pp and pp data do not macth in energy

do/dt data for pp, pp or both
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Possible solution:
interpolation of scattering
amplitudes in energy
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Introduction

Model describing the elastic pp and pp scattering data 1s needed:
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Introduction

2
42 (pp) - | /BT 1ot /T e 2|

A simple and quasi-succesful 0
parametrization 1s an empirical
one of Phillips and Barger for
elastic pp scattering with two
exponentials:

mb/ (Gev)®

do/dt

R. J. N. Phillips and V. D. Barger, Phys. Lett.
46B, 412 (1973)
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Introduction

The applicable range in t for the PB ansatz 1s limited:
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The generalized PB Model

Keep the original PB ansatz introducing s dependance of the
model parameters 1n the elastic scattering amplitude:

A(s,t) = i[\/EeXp(Bt/Q) + exp(igﬁ(.g))\/aexp(Dt/Q)]

The observales:

d
d_(; = 7| A(t)]* = ?T[Aegt 1 CePt 4 29/ AV CeBHD/2 g v
it = 47IA(t = 0) = 4n[A+ VT cos
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Fitting the model to data

Imposed quality fit criterias:

- Simultaneous fits to elastic and 6, data for each energy

- Only fits with good y? are accepted
- Setting the fitted -t range from 0.35 GeV? to 2.5 GeV?

- Recontructing o, in the whole available energy range

WE-Heraeus Physics School, Bad Honnef, 18/08/2015 | 9 A. Ster, Wigner-RCP, Hungary K@iisnen




Fitting the model to data

Simultaneous fits to elastic and c,,; pp data for each energy:
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Fitting the model to data

Simultaneous fits to elastic and 6, pp data for each energy:
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Fitting the model to data

Energy|vA B VT D cos(d) v2 /NDF MOdel parameter
- fit results
23.413.134+ 0.6%|8.66+ 0.4% (0.019+ B8.3%|1.54+ 5.1%|-0.97+ 0.3'% 1.6
30.513.21+ 0.2%|8.95+ 0.3% |0.014+ 7.4%]1.284+ 5.6%]-0.98+ 0.2% j % ¢
44.613.33L 0.7%(9.32& 0.5% |0.017% 8.0%|1.45% 5.3%|-0.93£ 0.8%| 1.7
52.813.384 0.3%|9.44+ 0.6% |0.017+ 7.6%|1.43% 5.0%]-0.92+ 0.9% 1.1
62.0(3.49+ 0.5%[9.66+ 0.6% |0.018+ 9.9%|1.53+ 6.3%]-0.92+ 1.6% 1.5
T000.0]18.51% 1.6%|15.05+ 0.8%[0.670+ 2.3%|4.71+ 0.8%]-0.93+ 0.3%] 1.4
Energy|vA B V< D cos( @) x2/NDF
(GeV)
63|3.43+ 1.19%]10.07+ 1.3%0.022+30.8%(1.90+14.8%|-0.60+22.7%| 0.7
546]5.06+ 1.2%[11.25+ 1.3%|0.204+21.0% [3.55+ 8.6% |-0.86+ 2.7% | 0.6
630]5.13+ 3.9%]11.26+ 3.7%|0.176+26.6%|3.23+ 9.6% |-0.81+ 7.9% 0.5
1960|6.85+ 3.7%|12.46%+ 3.3%|0.629+41.6%|4.69+15.4% |-0.90%+ 3.6% 0.4
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Fitting the model to data

Specifying (Regge type) s dependent model parameters:
VA = VA(s) = a1s7%1 + ags®2, VO — \/C(s) = cs*

B — B(s) =by +b1In(s/so), D — D(s)=dy+ diln(s/sp)
cos(d(s)) = ko + kys™5

The s dependent differential cross section:

d
— = 7| A()]? = w[Ae” + CeP' + 2V AVTePHPI12 cos )
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Fitting the model to data
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Fitting the model to data

Second step: tuning model parameters to fit o, data for the
whole energy range with data:

14DIII| I ||I||||| I I|||||||| T |||||||| T T T V1111 14DIII| I IIIIII:l ! IIIIIIII| | L L | UL L
130 — PP:4r(| Ay + |Gy cos(Py,)) } - 130[-— PP:ar({Ay, + |Gy " cOSRy,)) i

100l — PP: 4 ( '.‘!'Appn‘.'cpp cos(®,y) ) i 100l — PP:an( \‘!'App+\‘|'cpp*cns{¢-m)] | 2 ]
110 4 PP(PDG) = 110~ 4 PP(PDG) .l
100/ { PP(PDG) | 0o t PPPDO) il
| 1 a0 ,
= g0
ol 2 70
— 60
— 50
— 40 =g
= 20— =
i 10 i
Dml b vl Lol Lol e e 0m| bl Lol Lol FOEH

Il:Ft{:d;

(s (GeV?) (s (GeV?)

WE-Heraeus Physics School, Bad Honnef, 18/08/2015 | 15 A. Ster, Wigner-RCP, Hungary (@isnen




Fitting the model to data

14— rrrrr sy 1.4 0.5 v e
$ pp: 1.41 "% 4 2,78+ %7 ¢ pp: 0.00223 * s*** o ¢ pp:-0.928 - 0.838 * ¥
12| #pp: 1.41* 299 , 400 * 027 _ 1.2|_ # pp: 0.00588 * %2 _ " # pp: -0.908 + 4.376 * 5032 N
— 10|~ ~ —~ 1.0 |
S S
o o
O g = O osl- i
o o
P P _
E & - Eos|- 1
@ 41 o lg 4 N
2l ] 0.2
0 P taivnl ool ul 1l 0.0 /! il 1 1l L [REAT] A SR AT
10? 10° 10* 10° 10? 10° 10* 10° 10? 10° 10* 10°
s (Ge s (Ge s (Ge
\s (GeV* \s (GeV* \s (GeV’
20— L) AR R B i A S LA P s I L M R
fal 4 Pp: 5.13 + 0555 "In(s) | 4 pp: -0.189 + 0.250 *In(s) 130— Ef A | Agp + \j‘?pp:""s“"w” =
¥ pp: 7.87 + 0.274 *In(s) 7} 4 pp: 2.351 +0.068 “In(s) il 120l — PP ax ({A+ |G * cost,) al
16 — 110 4 pp (PDG) |
sl | 6 - 100|- f PP (PDG) , |
qf; 121 il o 5F il i
8 10~ 7 ? 4L T |
=5 g i
m 8 | o 3 =] _
6 . |
41 | 2 ~ )l
51 = 1 - |
0 sl ool ul m - Ll L - Om\ . i L i N L
10? 10° 10 10° 9 P e 4t 10° 10 10? 10° 10* 10°
Vs (GeV?) s (GeV?) s (GeV?)
N
WE-Heraeus Physics School, Bad Honnef, 18/08/2015 | 16 A. Ster, Wigner-RCP, Hungary (@isner




Fitting the model to data

The final extracted s dependent model parameters:

E‘
I

= 1.41511[?956 i 2.?85_'}'26?, — 1'4130.‘]995 i1 4'005—5.257?

C,.(s) = 0.002235"30%, Cyp(s) = 0.005885",

Byp(s) = 4.86 + 0.586 In s, Bz(s) = 6.55 +0.398 In s,
D,,(s) = —0.189 + 0.250In s. D, 5(s) = 2.351 4+ 0.068In s,
co5(yy(5)) = —0.928 — 0.8385704%% cos(¢p(s)) = —0.908 + 4.3765"°%.
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Results: the Pomeron and the Odderon
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Results: the Pomeron and the Odderon

Odderon
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Results: the Pomeron and the Odderon

Odderon
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Results: the Pomeron and the Odderon

Odderon / Pomeron
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Results: the Pomeron and the Odderon
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Outlook

Next steps:

- Include low and high |¢| data 1n the fits (its a collaboration
with Fagundes et al.) by improving the model.

- The phase (¢) parameter i1s expected to be ¢ dependant.

- Estimate better the contributions of secondary Reggeons.
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Conclusions

pp and pp elasctic and o, data were successtully fitted by a
model based on the empirical Phillips-Barger expression.

The (s, ?) functional form of the Pomerons and the Odderons
were extracted.

The Odderons and Pomerons were studied, plotted and
compared 1n function of the collision and transferred energies.
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