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THE COMPASS EXPERIMENT

» COmmon Muon Proton Apparatus for Structure and Spectroscopy

ECAL2

Muon Filter 2

Muon Filter 1

Si Telescope RICH1
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THE )7~ FINAL STATE

Reaction — 190 GeV beam energy
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The Gottfried-Jackson frame

» Rest frame of 77(/)77_
> P defines z-axis
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REGGE THEORY

[Ketzer et al., 2020, Prog. Part. Nucl. Phys., 113]

» Resonances with same
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REGGE THEORY — a9 TRAJECTORY
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DOMINATING PROCESSES IN THE 7)1~ FINAL STATE

Resonance production Double-Regge exchange

Forward
t =1 /
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r 7
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t2 - tp

Dominating in the lower 8,0 5 region Dominating in the higher SO region
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DOMINATING PROCESSES IN THE 7)1~ FINAL STATE

Resonance production Double-Regge exchange

Backward
tl = tﬂ'
T — /_\ —
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Dominating in the lower 8,0 5 region Dominating in the higher SO region
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KINEMATICS FOR THE COMPASS DATA SET
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MOTIVATION TO STUDY DOUBLE-REGGE EXCHANGE

Show double-Regge behavior

» First event based study to extract double-Regge behavior in n(’)w_
» Determine dominating exchange Reggeons

» Is bottom P the most dominating process?
» In the resonance region, only P exchange is considered

Improve resonance-model fit

» Until now: only phenomenological background description

» Use finite energy sum rules to link resonance and double-Regge region

Previous study [Eur. Phys. J. C 81, 647 (2021)]

» Fit to COMPASS partial waves in the n(/)wf final state
» Similar model, limited mass range (2.4 GeV/c” to 3GeV/c?), integrated over t,
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CUTTING ON THE DOUBLE-REGGE KINEMATICS
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CUTTING ON THE DOUBLE-REGGE KINEMATICS
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CUTTING ON THE DOUBLE-REGGE KINEMATICS
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CUTTING ON THE DOUBLE-REGGE KINEMATICS
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DOUBLE-REGGE EXCHANGE MODEL

Main features, inspired by [Eur. Phys. J. C 81, 647 (2021)]

2
Intensity per event k: I(¢,b ’Zl L ¢ A (b; Tk)‘

>

» General amplitude structure: Ai(b; i) = eb=1tleb'-2t2T(f(\l( t1), aa(ts), S1,89)
» T (ty),a5(ts). 51, 5,) is taken from Shimada [Nucl. Phys. B 142 (1978)]
» Form factors e’ 'f1e" 2% added to capture t dependence from top / bottom vertex
» Real valued strength parameters ('), to be determined

» Slope parameters of the form factors (17) to be determined

>

We describe the full dataset at once — global fit

Test of the Shimada model
» Shimada model predicts s; dependence

» Fit in bins of m )~ = /51 with fixed (0). Ideally, (¢') is const.
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FORWARD DIAGRAMS IN THE 7)1~ FINAL STATE
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POMERON DOMINANCE IN THE FORWARD REGION
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BACKWARD DIAGRAMS IN THE n)7~ FINAL STATE
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CONSIDERABLE PRESENCE OF fg IN THE BACKWARD REGION
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RELATIVE STRENGTH OF ALL AMPLITUDES
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MASS DEPENDENCE OF ¢ IN 1/m~

107 n_

— Global fit
[= Mass bin fit

COMPASS

=k

5
M, [GeV/e]

nr_

— Global fit
A Mass bin fit

COMPASS

5
My, [GeVic?]

n'n_

o
i

0.1§
U

— Global fit
A Mass bin fit

COMPASS;

4
m, .- [GeV/c?]

107

n'r_

“|—Global fit

W Mass bin fit

COMPASS;

: 4+ ++++{'+

s
M- [GeVic?]

10

@
=)

— Global fit
‘M Mass bin fit

i W

COMPASS

+T

4 B
- [GeV/c?]

107 n'n
50F—Global fit COMPASS
A Mass bin fit

7
M- [GeV/c?]

Henri Pek

eler

T P

7 )™ + p in the Double-Regge Region



SUMMARY

» We are able to describe our high-precision data with only 13 free parameters

» Two forward and four backward amplitudes
» Seven form factors

» No need for daughter trajectories
» Forward region: very dominant bottom P

» Backward region:

» Dominating bottom P in nm—
» Similar strength of bottom P and f, amplitudes for 5’7~

» Accurate description of the ¢t dependence

v

mo, - dependence is captured well by the model
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OUTLOOK

» Systematic studies
» Vary trajectory parameters
» Vary start of m ¢y —
n ™
» Use finite energy sum rules to link the double-Regge amplitude
to the low mass region
» Needs input from theory

» Publication in preparation
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PROPAGATION OF THE MODEL INTO THE MIDDLE €OS '9G.] REGION
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MASS DEPENDENCE OF ¢ IN N7~

107 nw_ nw_ nr_
— Global fit COMPASS —Global fit COMPASS [=Global fit COMPASS
601 Mass bin fit .31 Mass bin fit ® Mass bin fit

t
{“ Qo_z.ml b oofe .-n+*+ ”
| RSN ARl

i\ | i | i |

o

4 5 3 4 5 3 4 5
M, [GeV/c?] My [GeV/e?] my,- [GeV/e?]
na_ %107 na_ 10 nr_
[~ Global fit COMPASS — Global fit COMPASS — Global fit COMPASS
[ Mass bin fit m Mass bin fit A Mass bin fit

[ 5 3 7 5 3 4 5
M- [GeV/c?] M- [GeV/e?] My~ [GeVic?]

)

7+ p in the Double-Regge Region

Henri Pekeler T +p—n’



ENERGY REGIME FOR REGGEONS
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ENERGY REGIME FOR REGGEONS
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AccEPTED MC, WEIGHTED WITH THE FITTED INTENSITY
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AccEPTED MC, WEIGHTED WITH THE FITTED INTENSITY
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AccEPTED MC, WEIGHTED WITH THE FITTED INTENSITY

— ;] —

nm nmw
nr_ n'n”
|—COMPASS  =q,IP aq,f, [—COMPASS  ®q,IP 4q,f,

’TSOOO-—. Total intensity ® f,IP 4 f,f, mIPIP AIP f, = [® Total intensity ® f,IP 4 f,f, mIPTP ATP f,
<o <o r
N i (] N 3000 5

v v

O 3 0 L

= r < r

520001 > [

2= £2000

v v r

> > L

%] %]

= = -

I o L

@1000 @1000 L

v v +

= = |

OU 00 100 200 300

)

Henri Pekeler T +p—n’

™ +pin



AccEPTED MC, WEIGHTED WITH THE FITTED INTENSITY
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AccEPTED MC, WEIGHTED WITH THE FITTED INTENSITY
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preliminary COMPASS nrn~

b
b . 817 637 100.0 382
b 582 100.0 63.7

1000 582 817 39.9

Correlation [%]

5

(=]

—100

ri Pekeler

;] —
nmw

COMPASS

n'n”

Correlation [%]

(=]




FITTING THE EXTENDED NEGATIVE LOG LIKELIHOOD

. Nacc 6 . 2 Nm 6 . 2
—In £ext(a b) = CiAi(ba Tk) - Z In Z CiAi(bv T/c)
k=1 li=1 k=1 =1
acceptance COMPASS data

Different studies

a) Fit the full data set — determine strength () and slope () parameters

b) Fit in bins of M) = while fixing (b') from a) — determine (¢) per bin

Presentation of the results

» Weight kinematics of Monte Carlo accepted events with fitted intensity
6 i D

wy, = ’Zi:l c;iA;(b, Tk)’
» Full intensity should follow COMPASS data for that kinematics

. L2
(e full intensity); wy, = CiAi(b,Tk)‘ (single intensity)
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THE SHIMADA MODEL

T(ay,ag;81,89) = KI'(1 —a) (1 — ay)

(m.31)a1,(a/62)02 " |:§1§211 V(o agr) + §2€12

oy V(ag, ay, K):|
K K

» K: kinematic factor, unique per event, depends on cosflg, etc.

> ¢ removes poles for positive integer values of the trajectories oy and ay
» V describes Reggeon-Reggeon coupling

» Correct Regge behavior is captured with s terms
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FURTHER MOTIVATION FOR THE cosfgj CUT
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