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Analysis of the diffractively produced =~ 7« final state at COMPASS
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The COMPASS experiment at CERN collected a large sample of diffractively prodticed =™ events. The data contain contributions
from light-meson resonances with the quantum numbers;efanda ;-like states. We performed a partial-wave analysis of this final state
for proton and nuclear targets. We consistently observéile signal with.J”¢ = 0=+ in the f(1270)7 D wave. The signal appears to be
incompatible with the established1800) resonance, which we observe in the decays (at0) s 7S, fo(980)7S and fo(1500)7S waves.
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1. Introduction 3

The study of the meson spectrum helps us to better under-

stand QCD in the non-perturbative regime. In recent times b4
more and more involved analyses, both of experimental data
and simulations in the form of lattice QCD, have become pos-
sible. Particularly the search for states that are not predicted
by the quark model,e. glueballs and hybrid states, has been
of great interest. While some of these states can be distin-
guished from classical states based on their quantum num:
bers which are forbidden in the quark model, so-called exotic
states, others require detailed analyses of their decays. Hint: . )
for such a non-exotic hybrid state were observed by the VESP> Pb, Ni p, Pb, Ni

Collaboration in Refs. [1, 2]. There seems to be an additionaFIGURE 1. Diffractive dissociation reaction with PomercP)(and
lower-lying 7-like state as compared to the well-establishedReggeonR) exchange respectively. The target stays intact and the
7(1800) resonance (see Ref. [3]). This might point to a pos_beamwf is excited to_a resonal_wckf*. We assume t_he isobar
sible hybrid character of the(1800) according to Ref. [4] mfdi" .e. that the X" decays into a bachelor pioa™ and a
and references therein. w7 resonancg", the so-called isobar.

The COMPASS exrierlment collected a large sample 0fyy 5 into account the minimum momentum transfer required

diffractively producedf_r ”77& eyents for (_jifferent target , excite the resonanck—. We are able to more than dou-
types. The data contain contributions from isoveatprand e o, available events for the light target as compared to
a;-like meson resonances, thereby giving us access (0 e previous analysis published in Refs. [5, 6]. Figure 2a)
same signal as observed by VES. We model the diffractivgy,q\ys the three-pion mass spectrum with clear indication
reaction according to the dlagram shown in F_|g. 1. The threeg¢ 0 well-knownas (1320) and(1670) resonances (see
pion resonanceX ~ is produced in the excitation of the 190 p¢ [3]). The heavy target data contdis.5 - 106 events for
GeV/cr— beam during the interaction with the target. the Pb target and2.5 - 10° events for the Ni target in the

In the following we present the results of our ongoing ¢5me mass range and(i < ¢ < 1.5 (GeV/cP. Due to the
analysis ofr-like signals. faster decaying form factor of the heavy nuclei the Pb and

Ni data are more concentrated at loé\wtherefore effectively

2. Data Sets extending our analysis into this kinematic region.

COMPASS recorded data for a (light) proton target in the3  partial-Wave decomposition

form of liquid hydrogeniH, as well as for (heavy) solid

state targets made of Nickel (Ni) and Lead (Pb). For theWe perform a partial-wave analysis (PWA) of the data. We
liquid hydrogen target we now use the full COMPASS datafollow the same approach as described in Ref. [5] and use
set and perform an improved event selection as compared the same PWA model with 88 waves. We model the decay
Ref. [5]. We obtain a data set 015 - 10° exclusiver 7~ 7+ of the X~ resonance with spid and parityP using the iso-
events in the kinematic regidn5 < ms, < 2.5 GeV/& and  bar modelj.e. we assume that th& — first decays into ar

0.1 < t' < 1.0 (GeV/@) with ¢’ being the reduced squared resonance&’, the isobar, and a so-called bachelor pion with
four-momentum transféedefined in Eq. (6) in Ref. [5], which  orbital angular momenturh between them. We assign the
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FIGURE 2. a) 3 invariant mass distribution for thiél, data from the 2008 (red) and 2009 (green) COMPASS data-taking campaigns. The

two dominant resonances; (1320) and2(1670), are visible as peaks. b) Comparison of the intensity distribution of four selécted

waves. The&~T07 f,(1270)7.D wave in red is shifted towards lower masses compared to the@hregt =S waves. Thens, spectrum a)

shows dominant resonances. The contributions of individual quantum numbers can be extracted using a partial-wave decomposition. Results
for selected waves are shown in b).

charge parityC' of the neutral partner resonanceXo . M  tensity peak but also of a corresponding rapid phase mo-
denotes its spin projection andthe reflectively quantum tion. In Fig. 3b), we compare the relative phase between the
number, see Ref. [5]. Each partial wave is therefore labelled~+0% f2(1270)7D and the4* 1% p(770)7G wave for se-

by JPCM<O7 L. Thems, andt’ dependence of the partial- lectedt’ bins of the different target types. Indeed, the phase
wave amplitudes is unknown. We therefore bin our data irrises from approximately 1.3 Ge\/and to 1.8 GeVA&, pro-

ms, andt’ and perform the partial-wave decomposition in- viding further evidence for resonant behavior.

dependently for each kinematic bin. As a result, we obtain

a set{T;} of complex valued transition amplitudes for each .
bin, tiler]c;by extracting thews, andt’ dependence of every 4. Resonance-Model fit
partial-wavg_ amplitude in a quasi-mm_jel-independent Wa¥To study the resonance content of the partial-wave am-
Each transition amplitude encodes the intensity* and rel-

. h it h ith Iplitudes, we model theifnz, dependence using the same
ative phaseug T; with respect to an anchor wave with a real 04 a5 described in Ref. [6]. We select seven partial

valued amplltud?).c Figure 2b) shows the intensity Spectruny . eq and fit their measured intensities and all their relative
of four selected/*’¢ = 0—* waves summed ovef obtained

from the partial-wave decomposition for the liquid hydrogen

data. The three waves decaying int§ = 07+ isobars 1,5 ¢ | Seven-wave resonance model: Each wave is described by
all show a nearly identical peak around 1.8 GeViehich 4 resonant Breit-Wigner amplitude and a non-resonant background
corresponds to the establishedl800) resonance. In con- term with the equation given in Ref. [6]. The last column is the
trast to this, the signal in the=t0" f,(1270)7D wave is fitted ms, range.

shifted towards lower masses, with an intensity peak around

1.7 GeV/é. For COMPASS data, this has first been observed Partial wave Resonance  Non-fes.msx range
in the analysis of the 2008 data set in Ref. [7] and could now [Gevic']
be confirmed and improved with the full data set. We observe 0~ 70" [r7]s7S (1800) Eq.(29) 1.60t02.30
the same behavior in the heavy target analysis. The compar- 0=*0* f,(980)rS 7(1800) EQ.(29) 1.20t02.30
ison in Fig. 3a) shows the intensity 6f T0* f5(1270)7D 0-+0" fo(1500)rS  w(1800)  Eq.(29) 1.70t02.30
wave summed ovef. The Pb resultin green has been scaled 0-0* f,(1270)cD  7(1700)  Eq.(29) 1.30t02.30

to the intensity peak of théH, results. The peak shapes .
match perfectly for both data sets. The same signal has beenl 07 fo(980)7P  a1(1420)  Eq.(29) 1.30t01.70
observed by the VES Collaboration (see Fig. 4d) in Ref. [1]). 2" "1%p(770)7D  a2(1320)  Eq.(27) 0.90to 2.00

However, a resonance signal not only consists of an in- 4**1%p(770)7G a4(1970)  Eg.(29) 1.25t02.30
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FIGURE 3. Comparison of the intensity summed ovea) and phase-motion of tie * f>(1270)x D wave with respect to the" * p(770)7G
wave for to selected -bins b). In red is the result for thil, target and in green for the Pb target.

phases simultaneously with the resonance model summarizeiifferent targets. Above approximately 1.9 Ge¥& shoul-

in Table I. Each amplitude is described as the coherent sumer in the intensity spectrum is visible in thd,-target data.

of resonant Breit-Wigner amplitudes and non-resonant termg/e assume this is background and we elaborate in the next
to describe background contributions. Toret waves with  section.

01+ isobars are all fitted with the samé1800) resonance.
The 1%, 27+ and4** waves are included to constrain the
fit via the additional relative phases.

We attempt to describe the peak in et f2(1270)rD  We performed a first set of systematic studies onithg
wave with different models. In Table | we denote this compo-target data. We tried four different resonance models. First,
nentr(1700) to indicate that we use a separate Breit-Wignerwe tried to describe the peak in the ™ f,(1270)7D wave
in this case. Overall we use five different resonances to dewith the(1800) resonance, using the same Breit-Wigner pa-
scribe the seven waves. We obtain the resonance parameteasneters as for the othér 0 waves. With this approach
given in Table 1l for the/H, target and in Table Il for the Pb we are unable to get a satisfactory description of the intensity
target. We do not provide uncertainties, as they are domipeak of thed=+0% f»(1270)7 D wave. We also attempted to
nated by systematic effects, which require extensive studiesiescribe it using only a non-resonant background term, which
as have been performed for the results in Ref. [5]. We observiils to describe the data, as expected. Following the fit stud-
a lower resonance mass and a smaller width fortfi@00) ies in Ref. [7], we tried to describe thie +0* f2(1270)7 D
component as compared to thél800) in both data samples. wave using two resonances, either using4(es00) and an
The deviation is stronger for the Pb-target data, which we asadditional free resonance or using two free resonances. While
sume to be due to different background contributions for thethese models are in principle able to describe the data, we
find the same behavior as described in Ref. {8, one of
the resonances is used as a broad effective background com-
ponent. We consider these solutions of two strongly overlap-
ping Breit-Wigners to be unphysical. The best description of
Mass Width Mass Width the data is therefore achieved with a separdter00) reso-

, ) ) nance for thef, (1270)7 D wave.
Resonance  [MeVA]  [MeVic’]  [Mevic®]  [MeVic?] We have also investigated the effect of the PWA model.
7(1700) 1740 171 1698 157 The high-mass shoulder in the intensity spectrum of khe
target data seems to be sensitive to the wave set used in the

5. Systematic Studies

TABLE Il. Resonance parameters for & -target data (left) and
Pb-target data (right).

7(1800) 1795 230 1781 221 . - )

partial-wave decomposition. Using larger wavesets decreases
a1(1420) 1414 149 1414 166 the intensity of the shoulder, making the intensity distribution
a2(1320) 1316 115 1318 102 more similar to that of the heavy-target data. A similar effect
a4(1970) 1939 395 1988 322 can be observed with the inclusion of coherent background
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FIGURE 4. Intensity distribution of thed™" f»(1270)7 D wave summed ovet'. The resonance-model fit (red) of the coherent sum of
a m(1700) Breit-Wigner amplitude (blue) and a background term (green) is able to describe the data (black data points with statistical
uncertainties). a)H- target data; b) Pb target data.

models for the Deck effect (Ref. [8]) and central productiontion, which are clearly visible in both heavy and light-target
(seee.g.Sec. 2.4 of Ref. [9]) into the partial-wave decompo- data. The amplitude of this wave is not well described by the
sition. We therefore assume that the shoulder is indeed due t6(1800) resonance. The simplest model that describes the
coherent background. Further studies will show whether thelata contains a separate Breit-Wigner resonance at at lower
resonance-model fits for both target types will produce morenass of about 1.7 GeMic The same signal has been ob-
similar results. served by the VES Experiment in the 7~ 7+ andwp chan-
nels. We are currently working on systematic studies of both
the partial-wave decomposition and the resonance-model fit
in order to estimate systematic uncertainties. The COMPASS
We do observe clear resonant behavior in the 1.7 GeV/cdiffractive data also containp decays. An upcoming analy-
region of the0~+0% f,(1270)rD wave. Several different sis of this channel can help to further complement the current
interpretations are possible. Conservatively, one could agesults of this analysis and the VES results.

sume that a more complicated background description is re-

quired and that the signal indeed originates from i”terfer'ACknowledgements

ence of ther(1800) and background. Following the argu-

ments presented by the authors of Ref. [4], which were als@ve thank our colleagues at TUM and CERN, especially S.
pointed out in Refs. [2, 7], the observation of a preferred defaul, B. Grube, S. Wallner, D. Ryabchikov and A. Maltsev
cay of thex(1800) into 0% isobars could indicate that it for their help and support. F. Kaspar also thanks S. Stein-
is in fact a hybdrid state and that the signal observed in th&eiRRer for their general discussions.

0-+07" f2(1270)7D wave originates from the conventional  This research is part of the Blue Waters sustained-
quark-model state. However, in this case also a combinatiopetascale computing project, which is supported by the Na-
of two resonances has to be taken into account. This wouldonal Science Foundation (awards OCI-0725070 and ACI-
require a more sophisticated resonance model in order to co1-238993) and the state of lllinois. Blue Waters is a joint ef-
rectly take into account the overlapping resonances. fort of the University of lllinois at Urbana-Champaign and
its National Center for Supercomputing Applications. This
work is also part of the “Mapping Proton Quark Structure
using Petabytes of COMPASS Data” PRAC allocation sup-
We observe a resonance signal in the" f(1270)7D wave  ported by the National Science Foundation (award number
with an intensity peak and an associated rapid phase m@&Cl-1713684 ).

6. Interpretation

7. Conclusion and outlook
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