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Abstract

Shapes of single particle spectra from p + Ni — AT X (h stands for a mixture of
pions, kaons and protons) reaction at 24 GeV/c are presented.

Introduction

The DIRAC analyzes 717 -pairs with small relative momenta () in their center of mass
system in order to find out signal from pionium breakup. One of approaches in analysis
does rely on correct MC simulation of 77~ -pairs inclusively produced in pNi-collisions,
which are background to pairs from pionium break-up. Beside the physics of above pro-
cesses, the adequate transportation of pions through the spectrometer setup and correct
detector response are essential for this MC analysis. These can be tested by simulation
of so-called accidental pions pairs or even single pions, followed by comparison of MC
sample to experimental distributions of events of interest. This study is concentrated on
single particle spectra from p 4+ Ni — AT X reaction, which are required for this analysis.



1 Acceptance

Acceptance of the setup was defined with GEANT-DIRAC simulation program [2]. Input
events were generated according to the following distribution

d® N

ZMe —0. 1
Ipd6d, o pexp(—0.8p), (1)

here p, ©, @ are in spherical system of coordinates with its origin in the center of the target
and z-axis along the primary proton beam. Momenta and angles of input events were
generated in the range about 10% wider then the actual acceptance of the setup. Then
tracks were reconstructed by ARTANE reconstruction program [3]. Acceptance function
G(p) was defined as a ratio of reconstructed distribution over generated one:

3 d3 Nrec d3 NMC
G™ (p, O, p) = L MC .
(P ©,¢) dpdOdy / dpdOdyp

(2)

Here we assume that the value of the reconstructed momenta pre. is close to the generated
one Pgen. Also production at the center of the target is used. Actual dimensions of the
beam spot at the target location are z = 1.6 mm y = 3.2 mm at 20 level; the divergence
of the beam is about 1 mrad [4]. Angular acceptance is defined by the collimator placed
3.5 m from the target, therefore divergence due to the size of the beam spot is also less
than 1 mrad.

An event is called reconstructed if following criteria are fulfilled:

e track is reconstructed in DC;

e no hit in Muon hodoscope;

e hit with proper timing (+4 ns) in PreShower;
e reconstructed value of momenta is close to the generated one |prec—pgen| < 0.1GeV/c;
e angular deviation is also small: angle between pie. and pgen is less than 0.01.

Acceptance is mainly defined by the collimator (fig. 1.b), magnetic field and geometry
of downstream detectors (fig. 1.a). Actual value of acceptance for MC 7~ events in “inner”
part of acceptance is about 80% (fig. 1.d) Last number takes into account efficiencies of
downstream detectors, probability of track reconstruction in DCs and probability of pion
decay in flight. Mean decay length of pion in laboratory frame A\ = e¢rp/m exceeds 80 m,
where as its path length between target and muon hodoscope is less than 20 m. Losses
due to decay increase up to 10% for pions with lower momenta (see fig. 3).

Applied criteria correspond to experimental cuts which suppress background events
on the trigger level and/or on the reconstruction stage. Suppression factors of different
criteria are presented in table 1. Momentum dependence of the above criteria are in fig. 2.
From fig. 2 one can see that some tracks with momenta lower than 1.5 GeV/c or greater
than 5 GeV/c can be reconstructed in Drift Chambers but do not cross PreShower plane.
As signal from PreShower was required in T1 trigger, this limits the range where inclusive
spectra can be defined in the experiment. Other origin of losses is an interaction of pions
with the Al frame of Cherenkov detector, which is 3 cm high and 20-40 cm thick along the



[ Projection of G" on (p.¢) plane | [ Projection of G" on (9,¢) plane ]
e F @©0.12

1.75

N

0.115]

1.7
0.1

[

1.65
0.105
1.6

0.

[

155

15 0.095

1.45 0.09

1. 0.085

e b e L 0_0§;L5memw

1.35 4 5 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75
p, GeVic ¢
[ Projection of G" on (p,©) plane | [ G"(p=2.5GeV/c,0=0.09,9) |
@0.12 1

0.115]

A ERNATNIS I
i

0.6: ' 58 ‘

0.8
0.11— E

0.105!

—
—
=
=
447

0.1iC

0.095 i 5255~ 0.4[;

0.09

0.27 }
0.085 [

0.08

6
p, GeVic ¢

Figure 1: Projections of G™ (p,©, ) acceptance on planes: a — (p,¢), b — (0, ¢), ¢ —
(p,®). d—G™ (p=2.5GeV/e,© = 0.09, p).

Table 1: Suppression factors of different criteria in MC

T Tt K+ p
criteria N. ev. N. ev. N. ev. N. ev.
1. | DC(TmTrxDC) 2520168 1 508083 1 295804 1 510357 1
2. | 1. & |At(PrSh)| < 4ns | 2335788 0.93 | 471385 0.93 | 255196 0.86 | 457461 0.90
3. | 1. & no Muons 2279180 0.90 | 459822 0.91 | 272700 0.92 | 506504 0.99
4. | 2. & no Muons 2096641 0.83 | 423461 0.83 | 232557 0.79 | 453782 0.89
5.1 4. & |[Alp|| < 0.1 GeV/c | 2057148 0.82 | 415533 0.82 | 222523 0.75 | 446405 0.87
6. | 4. & |A©| < 0.01 2061575 0.82 | 416314 0.82 | 225296 0.76 | 445425 0.87
7.1 5. & |AB| < 0.01 2047758 0.81 | 413620 0.81 | 221369 0.75 | 443613 0.87

secondary particles path and stands in the central horizontal plane of the spectrometer.
This leads to a pronounced dip in experimental data due to loss of signal in PreShower
which is in T1 trigger. This effect was not reproduced numerically in MC, so events with
O around 0.1 has to be removed from analysis.

From figure 2.b one can conclude that applied cuts on difference between generated
and reconstructed values of momenta suppress 2-4% of MC events. Slope on p due to
these cuts is less than 0.004 [GeV/c] ™! between 2 and 5 GeV/c.

Acceptance functions for positive pions G™ (p,©, ¢) and protons GP(p, ©, ¢) are de-
fined in the similar way. We introduce space Q™ where acceptance is high:

O = {p,@,cp: G™ (9,0, ) > 0.4} (3)
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Figure 2: Projections of 7~ relative acceptances on p for different selection criteria
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Figure 3: Acceptance G(p, ©, ) as a function of momenta for 7+, K™ and protons.



1.1 Acceptance with advanced tracking (“noup”)

We will also define acceptance function G7,,(p, 0, ¢) for MC events reconstructed by
the more detailed track reconstruction procedure (results are stored in the common block
FitTrkDC of ARTANE, only beam spot position and DC information are used)'. Tt is
defined with similar cuts as G™ (p,©, ). Suppression factors of different criteria are
presented in table 2. Momentum dependence of the above criteria are in fig. 4. Ratio of
Grow (D, ©, ) over G™ (p,©, p) as a function of momenta is presented in fig. 5. Events
are rejected for two main reasons: track does not point to the beam spot (+2 cm in
vertical direction) or it is not possible to propagate track in DC backward through the
magnetic field for given track parameters. These can happen either due to pion decay in
flight or incorrect map of the magnetic field. Last reason is responsible for the pronounced

inefficiency between 3 and 4 GeV/c (see fig. 5).

Table 2: Suppression factors of different criteria in MC

T ot
criteria N. ev. N. ev.
0. | DC(TmTrxDC) 2520168 1.13 | 509170 1.14
1. | DC(FitTrkDC) 2232956 1 448318 1
2. | 1. & |At(PrSh)| < 4ns | 2067028 0.93 | 415414 0.93
3. | 1. & no Muons 2096344 0.94 | 421212 0.94
4. | 2. & no Muons 1931844 0.87 | 388561 0.87
5. | 4. & |Alp|| < 0.1 GeV/e | 1925497 0.86 | 387272 0.86
6. | 4. & |AO| < 0.01 1928467 0.86 | 387850 0.87
7.1 5. & |AO| < 0.01 1924410 0.86 | 387051 0.86
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Figure 4: Projections of 7~ relative Figure 5: Ratio Gg;up(p,@,cp)/G"_ (p,©,p)
acceptances on p for different selection as a function of momenta.
criteria.

!Hereafter we will denote results with simplified tracking in DC (TmTrxDC) as “DC”, more detailed
fitting (FitTrkDC) as “noup” and results with SFD detector as “DC&SFD”
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1.2 Acceptance with forward detectors (DC&SFD)

We will also define acceptance function GZpp(p, ©, ) for MC events reconstructed in
forward detectors (only SFD used, without background simulation). It is defined with
similar cuts as G™ (p,©, ¢).
suppression factors are in fig. 6. Between 1.5 and 5 GeV/c shape of GZnp(p, O, ¢) is
similar to the shape of acceptance function with downstream detectors only (see fig. 8).
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Momentum dependence of the above criteria and their

T
criteria N. ev.

0. | DC(TmTrxDC) 2520168 1.24
1. | DC+SFD(FitTrkDC) 2028689 1

2. | 1. & |A#(PrSh)| < 4ns | 1876736 0.93
3. | 1. & no Muons 1914851 0.94
4. | 2. & no Muons 1764142 0.87
5. | 4. & |Alp|] < 0.1 GeV/e | 1761155 0.87
6. | 4. & |AO| < 0.01 1763844 0.87
7.15. & |AO| < 0.01 1761052 0.87

Figure 6: Projections of 7~ relative acceptances on p for different selection criteria.
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2 Experimental distributions

The goal of the DIRAC experiment is to study 7" -pairs with small relative mo-
menta () in their center of mass system. For this reason all working triggers se-
lect pairs and even make decision depending on topology of hits specific to small Q).
In 2003 the dedicated run (No. 6371) was taken to test trigger system. In overall
2 millions of “T1 wtw~ without coplanarity” events were taken. Here trigger T1 =
(VH&HH&PrSh&@)L& (VH&HH&PrSh&Ch)|_ stands for coincidence of pion track
candidates in positive and negative arms. If one selects events with 2 separated in
time tracks from different proton-nucleus interactions (so-called accidental coincidences)
then detected distributions in each arm correspond to inclusive production of positive
or negative hadrons in proton collisions with nuclear target (pNi — h*X), but without
inclusive pair production (pNi — h*h~X), when both particles enter the Spectrometer
acceptance. Rate of such accidental events is proportional to the product of corresponding
total cross-sections. These accidental events can be identified by selecting proper time
difference between detected positive and negative particles (fig. 9). Time difference
distribution is asymmetric due to time-correlated protons, for this reason only events in
[—15, —5] ns range were analyzed.

Counting rates per element in vertically oriented hodoscopes depend on covered mo-
mentum range (high and low occupancies differ by a factor 2.0—2.2). It was experimentally
shown [5] that within 1% accuracy there are no losses due to this difference either on the
trigger level or on the reconstruction stage.

Below we will separately analyze distributions for positive and negative hadrons.
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Figure 9: Time difference between positive and negative particles (assuming both of them
pions).



21 p+Ni—-h X

In experimental data we selected only accidental events in the range [—15, —5] ns with

tracks in both positive and negative arms reconstructed. Corresponding hit with proper

timing in PrSh and absence of signals in Muon hodoscope in the region around the track

path were required. 215547 events fulfilled the above criteria (MC sample used for the

acceptance definition is ten times more). Effect of above cuts are presented in fig. 10.
Then shape of production differential cross section can be estimated:

ENO d? Nt n
dpd©dyp — G™ (p,©, ) dpdOdyp’
d*N d*N
= O ——d 5)
o
2 _
where w(p,©®) = W;r@), Ap — part of azimuthal angle inside of Q™ for a given

values of p and ©. Here we assume that after the correction to acceptance we will get
flat distribution on azimuthal angle ¢ within Q™ (see fig. 11). We will call this strategy
“G”. While using acceptance function G™ we neglect admixture of K~ which are about
5% abundant [8], but has similar shape. In detected events their admixture is even lower
due to shorter kaon lifetime (fig. 3).

Alternative way is to assume some reasonable shape of the production differential

2 n7i—1 9 nri—1det
cross section MC “then obtain in MC corresponding “detected” shape ——42¢— . Last
dpd© ponding Pe T Ipdo
2 nrdet
distribution can be compared to experimental results e If one adjusts initial shape
P
of the production differential cross section
dZNdet

’Nije  d*Niie  dpdo
dpd® — dpd® 2 Nli/[_cldet

dpd©
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6
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Figure 10: Relative shape of
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and repeat MC step, then by iteration the shape of the production differential cross
section, which reproduces in MC the experimental distribution, can be obtained. We will
*Nyo
dpd©
one iteration was done. Therefore this method allow us to test validity of assumptions
of strategy “G”: uniformity of the obtained production differential cross section over
azimuthal angle and restriction of analysis only to events inside space Q™ .

d2

dpd©
Wang parametrization [7] or Badhwar parametrization [6]. We used only Badhwar
parametrization of LIDCS for p +p — 7~ X as it has less free parameters (for details see
Appendix A). Fits were performed over 2 regions {p € [1.5,5]GeV/c, © € [0.085,0.095]}
and {p € [1.5,5]GeV/c, O € [0.105,0.115]} with A, B, C, Cy and Cj as free parameters
(see fit results in table 3). Slices of the production cross-section with superimposed fits are
presented for fixed values of O (fig. 12) and fixed values of momenta (fig. 13). Parameters
C1, Cy and Cj are polynomial coefficients from term C) + Cop; + Csp?. In DIRAC p,

call this strategy “I”. In our analysis shape from formula (1) was used as and only

Usually the double differential cross section is parametrized by either Sanford-

Table 3: Fit parameters for 7~ production

B Cl 02 03 XQ/NDF
Particle [(GeV/c)™'] [(GeV/e)™?

{p € [1.5,5]GeV/c, © € [0.085,0.095]} and {p € [1.5,5]GeV/c, © € [0.105,0.115]}
T G 374+0.19 148+06 —173+24 1454+2.6 2135/1903
T GY 2.5340.13 10.814+0.24 0.0 0.0 2171/1905
T I 3404+£0.25 13.1£0.5 —-9.5+£3.0 6.3+ 3.1 2105/1903
T I 2554£0.13 10.774+0.24 0.0 0.0 2135/1905

{p € [2.0,5]GeV/c,© € [0.085,0.095]} and {p € [2.0,5]GeV/c,© € [0.105,0.115]}
m G 4194024 154407 —2094£27 172427 1851/1638
m G 2624014 104+0.3 0.0 0.0 1867 /1640
n I 4174024 151407 —18.7+27 141427 1827/1638
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Figure 13: T (p + Ni — 7r_X) for fixed values of p.
p

belongs to 0.1 — 0.5 GeV/c range, so Cy and Cj3 correspond to rather small terms. For
future reference we will produce fits G® and 1° with Cy, = C5 = 0.

It is expected, that the production cross section (dN/dp) has its maximum near
1 GeV/e. To test stability of fit results another fit was performed for p € [2.0,5]GeV/c
(see fit results in table 3), which provided a similar shape (within 3%) in the accessible
kinematic range (fig. 14). Also a fit over the distribution obtained by strategy “I” provides
close result (fig. 15).
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MC based on formula (1) is already a good approximation for the shape of the double
differential production cross-section in the kinematic range of the DIRAC setup (fig. 16):
the maximal relative difference between its shape and the “realistic” shape of the double
differential production cross-section is less then 24% in the range p € [1.5,5] GeV/c and
© € ]0.08,0.12]. Actually this simple shape was chosen as it fits the median line (6 = 0.1)
of the “realistic” shape with relative difference less than 3%.
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For cross-check the following MC test was performed: input events for GEANT-
DIRAC were generated according to the Badhwar representation of LIDCS with ob-
tained parameters, then events were reconstructed by the ARIANE. Calculated double-
differential distributions have been compared to experimental ones. Their slices for fixed

Figure 18: Detected

dpd

for fixed values of p.

values of © are in fig. 17 and for fixed values of momenta are in fig. 18.
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2.1.1 p+ Ni— A~ X: advanced tracking

Results of the more advanced tracking with Drift Chambers and more detailed map of
the magnetic field (“noup”) are presented in fig. 19 and table 4. Additional information
about spectra can be obtained with forward detectors. If ARTANE manages to find out
a hit candidate with proper timing in SFD for a downstream track, then such events can
be used to build another set of distributions on the target (see fig. 20 and table 5).

While comparing obtained production distributions with simplified and more advanced
tracking (fig. 21, 22) one can conclude that the difference between shapes in the low
momenta region can not be explained only by the difference in corresponding acceptance
functions (fig. 5, 8). Most presumably this region contains pions which appeared not in
the target center: either as a decay product of long-lived particles (mainly kaons) or in
interactions of the beam halo with the target, or pions burn/re-scattered in setup parts
near the target. These events are suppressed when the requirement of a track to intersect
the central part of the target is applied. It is worth to note that advanced reconstruction
with and without forward detectors reproduce the same production distribution on target

d*N
(fig. 24). For completeness the reconstructed shape %Z)SFD is shown in fig. 25.
P
‘ detected d;;lgp from p+Ni— h'X (normalised to DC(FitTrkDC) & PrSh & noMu), 6371.acc, A t(VH)=[-15,-5]ns
1.25
L e DC(FitTrkDC)
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R 1. | DC(TmTrxDC) 250214 1.47
o | 2. | DC(FitTrkDC) 170312 1
o *“A ot s | 3. | 2. & |At(PrSh)| < 4ns | 161540 0.95
e, . ! 4. | 2. & no Muons 161014 0.95
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Figure 19: Relative shape of dnouP for different selection criteria.
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Figure 20: Relative shape of % for different selection criteria.
p

13



Table 4: Fit parameters for 7~ production (DC(FitTrkDC))

B Cl 02 03 XQ/NDF
Particle [(GeV/e)™' [(GeV/e)™?]

{p € [1.5,5]GeV/c, © € [0.085,0.095]} and {p € [1.5,5]GeV/c, © € [0.105,0.115]}
T G 2704£022 95+06 37+£27  —574+29  1900/1903
G 2704015 102403 0.0 0.0 1905/1905

Table 5: Fit parameters for 7~ production (DC&SFD)
B 01 CQ 03 XZ/NDF
Particle [(GeV/e)™' [(GeV/e)™?]

{p € [1.5,5]GeV/c,® € [0.085,0.095]} and {p € [1.5,5]GeV/c,© € [0.105,0.115]}

T G 3.134+0.23 10.3+0.7 —-2.1+28 09429 1942/1903
T G 2.890+0.16 9.7+0.3 0.0 0.0 1945/1905
T I 3014023 10506 —-1.3+2.7 —04+29 1898/1903
T I 276+0.16 10.1+0.3 0.0 0.0 1903/1905
ng;:t/ng;:t&SFD dZNDC dzNDC&SFD
dp " dp dpd® dpd® | AT
e S S R S v S I .\ ——
1l8§+ ............
ST S R A R —
“E ﬂﬁtﬂ i !
15F PR T T
1.4; 1t + H JU(H% T
1'3; 0.18'515
1.2F
l.l;
1= ‘2"HSHH4HH5HH6H(;‘/7
p, GeVvic
dNdet /g Ndet d*Npc / d* Npcesrp
Fi 21: —2¢ DC&SFD Fi 22: .
igure ap / ip igure T pdo
‘ ’:"D““”/ NZ‘?;SF“ for pNi— h'X, 6371.acc dd';&%p,d Z‘;%&S:D
s A
1.055 '
£ LT
0.95§ ‘~><\>‘L T
0.9S
0.85S
0'8: 15 2 25 3 35 4 4.5 R 5/ %808 15 2
p, GeVvic
. dNyou dNpcgsFp . B?NS d2NG’
F 23: P . F 24: oup DC&LSED
1T dp / dp 1BHre dpd© dpd©
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We will compare the distribution to the shape of negative pion production

dpd©
by 24GeV /¢ protons from Cu [8]. The latgr experiment covered the secondary momentum
range 4 — 18 GeV/c and the angular range 17 — 127 mrad. Angular acceptance of the
experiment AQ = 7.62 - 1075 sr. Phase space was scanned by means of magnet which
deflected produced secondary particles into the setup. Their results were tabulated for
the measured Lorentz invariant one particle distribution functions w(p, ©) defined by

1 6% p2dpdS)

PN = — 27 gpdq) =
5 5poq Pt = w(p. ©) =,

(7)

2
where

is the differential production cross section, o, is the absorption cross section

for pCu collisions, €2 is the solid angle. Three corrections have been applied to the
measurements:

e for absorption of the produced pions along the spectrometer;
e for decay of pions along the spectrometer;
e subtraction of the empty target background.

Uncertainties in results were dominated by systematic errors, which included the irrepro-
ducibility of a given setup settings (about 5%) and by the uncertainties in the corrections
applied (2-5% depending on momentum).

We will introduce

dQNEichten 1 dQO' 7'I'p2 sin ©
- 77 0)—~—— . 8
do  ~ o.dpde P O)TF ®)

The fit parameters of the above function by the Badhwar parametrization of LIDCS for
p+p — 7 X are presented in table 6 (see also fig. 26). The double integral of this
Badhwar parametrization over the total kinematic region on momenta and angle gives
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Table 6: Fit parameters for 7~ production in p + Cu — 7~ X [§]

Acs/aa B Cl 02 03 XQ/NDF
Particle [(GeV?/c?)™] [(GeV/e) ] [(GeV/e)?
p € [4,22]GeV/c, © € [0.017,0.127]
T 1.59 4+ 0.07 3.46+0.14 4.78+0.15 —-1.34+0.6 1.6 +0.5 106/17*
T 1.63 4+ 0.04 3.55+£0.05 4.53+0.04 0.0 0.0 127/19*
p € [4,6]GeV/c, © € [0.050,0.127]
T 24+ 1.1 3.3+1.2 7.1+2.6 —4.9+8.2 4.7+ 4.7 0.36/2*
T 2.36 £ 0.19 3.30 £0.18 5.94+0.5 0.0 0.0 3.5/4*

* to all data points 5% relative errors were attributed

[ p+Cu- X, Eichten et al. | [ p+Cu- X, Eichten et al. |
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Figure 26:

[ p+Cu~ TtX, Eichten et al. |

v 87 mrad
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fit over Eichten data
””” fit over DIRAC data

6
p, GeVic

d2N ichten .
Figure 27: ﬁ in the range p € [4,6]GeV/c and © € [80, 130]mrad.
P

0.93£0.05. It is clear that the Badhwar parametrization (fit over the whole sample) does
not reproduce measured points for momenta between 4 and 6 GeV/ec.

In fig. 27 data by Eichten at al. [8] is compared to the Badhwar parametrization of
d”Npcgsrp

70d0 detected by DIRAC in the kinematic region covered by both experiments.
P

16



2.2 p+Ni— htX

In experimental data we selected only accidental events in the range [—15, —5] ns with
tracks in both positive and negative arms reconstructed. Corresponding hit with proper
timing in PrSh and absence of signals in Muon hodoscope in the region around the track
path were required. 220259 events fulfilled the above criteria. Effect of above cuts are
presented in fig. 28.

Contrary to negative particles, which are mainly pions, detected positive particles are
a mixture of pions, kaons and protons. According to results from [8] positive kaons are
expected to have shape similar to pions and their yield is about ten times less than pions.
In detected events their admixture is even lower due to shorter kaon lifetime (fig. 3).
Protons have higher momenta: their amount is about 2 times less than pions on 4 GeV /¢,
but they are more abundant than pions above 6 GeV/c. Ratio of protons to pions in
accidental events was experimentally estimated in DIRAC up to 4 GeV/c¢ by their TOF
difference between forward detectors and the Vertical Hodoscope [9]. On the next stage of
the DIRAC experiment [10] particle identification will be enhanced by dedicated aerogel
and heavy-gas Cherenkov detectors. For the last reason this study will be restricted to
the production shape of all positive hadrons in DIRAC kinematic range. This can be
achieved, because acceptance functions for pions and protons are different by not more
than 10% (if one use downstream detectors only) due to pion decays:

PN 1 d> Nagt N 1 d> N et N 1 d* Nyt )
dpd©dp — G (p,0,¢) dpd®dy ~ GK*(p,0,¢) dpdOdy ~ G?(p, O, p) dpdOdyp’
d3N N 1 d3Ndet (10)
dpdOdyp ~ G (p, 0, ¢) dpdOdy’
2N PPN
_ _ g 11
Q,-Hr

Fit parameters are presented in table 7. Simple formula (1), which was used as zero-
approximation by the iterative method, does not reproduce experimental shape well (see
fig. 29). But already the next iteration converges to fit parameters obtained by the
method “G”. Results of the more advanced tracking with Drift Chambers and more

16

1 * DC
150 4 DC&Prsh
1.45 ® DC &noMu \ ‘ criteria ‘ N. events
: J 1. | DC(1 track) 250214 1
13 | 2. | 1. & |At(PrSh)| < 4ns | 236483 0.95
b 4 3. | 1. & no Muons 233855  0.93
3“‘“'-»....”“ . ;' 4. | 2. & no Muons 220259 0.88
11 Myt S eaeggy +
et
1= 2 = 3 ‘ 4 HH 5 e 6 7

p, GeVic

det

Figure 28: Relative shape of for different selection criteria.
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Table 7: Fit parameters for h™ production (TmTrxDC)

B Ci Cy Cs X?/NDF
Particle [(GeV/c)™1] [(GeV/c)~?]

{p € [1.5,5]GeV/c,® € [0.085,0.095]} and {p € [1.5,5]GeV/c,© € [0.105,0.115]}

h* G 469+0.22 11.6+06 —183+26 124428 1740/1903
ht GY 3.12+0.15 7.0+0.3 0.0 0.0 1819/1905

h* I1 566+0.22 1524+06 —-342+26 264127 2055/1903
ht 12 496+0.19 11.84+£06 —-193+25 114426 2027/1903

2, 2,
‘ detected d?) dNe(p,O=O.09) for p+Ni— h*X, Run 6371 ‘ ‘ detected d‘ig‘e(p,ezo.u) for p+Ni— h*X, Run 6371 ‘
T % . 600F
® 600F i(w% T exp g F i - O
£ H 28 £ C e MCG
S F &%ﬁgﬁ . e MCG § ool oo
2 s00F ST % o MG 10 < i ¢$ o MCI0
3 r 3 C o MCI1
Q = + ") o MCI1 Q b |
S o S 400
S, 400F $ 4 $‘ =) FF ‘W%%
ze F 1 4 zZe 1
ol2 - ® o|S 300
300 Q%% . ;
200: a o bt 200/—*
E e F
L * ° Wg% C
r oo T =
100F 100F
E P F
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Figure 29: Detected

706 (p+Ni— h*X) for fixed values of ©.
P

detailed map of the magnetic field (“noup”) are presented in fig. 30 and table 8. As for
negative pion production comparison of obtained production distributions with simplified
and more advanced tracking (fig. 31-32) reveals background particles which appeared not
in the target center: either as a decay product of long-lived particles (mainly kaons) or
in interactions of the beam halo with the target, or particles burn/re-scattered in setup
parts near the target.

a2,

detected dp;g" from p+Ni— h*X (normalised to DC(FitTrkDC) & PrSh & noMu), 6371.acc, A t(VH)=[-15,-5]ns

1.25
E e DC(FitTrkDC) ]

S peisiveiinl criteria N. events
) 0. | DC(TmTrxDC) 250214  1.47
SR + 1. | DC(FitTrkDC) 170312 1
RIS | | 2. | 1. & |At(PrSh)| < 4ns | 160832 0.94

- **-,..-..:..% “, " J 3. | 1. & no Muons 163583  0.96
sosft R et *ﬁﬁliﬁ#ﬁ 4. | 2. & no Muons 154182 0.91
s b
2 3 4 5 6 7
p, GeVic

det
Figure 30: Relative shape of % for different selection criteria.
P
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Table 8: Fit parameters for h* production (FitTrkDC, DC only)

B 01 CQ 03 XZ/NDF

Particle [(GeV/e)7'] [(GeV/c)~?]

{p € [1.5,5]GeV/c,® € [0.085,0.095]} and {p € [1.5,5]GeV/c, O € [0.105,0.115]}

ht G 3.154+0.25 5.74+0.7 6.4+ 2.9 -9.0+3.1 1721/1903
ht G° 3.194+0.17 6.8+0.3 0.0 0.0 1730/1903
o]
1.6F
1.5S J(
) "ﬂ bt
1.3% JFJHU}JFTJ}MFF( J‘r‘ 'Tlr WT”W
12f
1.1S
15 2 25 3 35 4 45 5
p, GeVic
. dNDC dNnoup . d2 NDC d2 Nnoup
F 31: . F 32: .
1B dp / dp IBUTE 2% "00d0 /" dpdo

IRARNEN

15 2 25 3 35 4 4.5 5
p, GeVic

Fi 33 & Nrowp for pNi — AT X
e 33: 0 .
igur Ipd© r pNi
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2.3 Comparison to minimum-bias trigger

While selecting 2 separated in time tracks collected with “T1 77~ without coplanarity”
trigger, we select positive or negative hadrons inclusively produced in proton collisions
with nuclear target (pNi — h*X), but without inclusive pair production (pNi — h*h~ X),
when both particles enter the Spectrometer acceptance. Rate of later events is rather
small, nevertheless due to conservation laws particles from such pairs are expected to
have softer momenta in comparison to particles inclusively produced in pNi — A*X
reaction. At the DIRAC spectrometer single particle inclusive production spectra can be
collected if trigger issued only by single arm of the spectrometer. This was done with
so-called “minimum bias” trigger dE/dx x V2 when coincidence of a signal in the Vertical
Hodoscope in the negative arm with a signal in the Ionisation Hodoscope was required.

Detected with the “minimum bias” trigger m~-spectra is slightly softer than the single
7~ -spectra collected with “T1 7+7~ without coplanarity” trigger (fig. 34). But one has
take into account that run with the “minimum bias” trigger was collected in 2000 and
run with the “T1 777~ without coplanarity” was collected in 2003. So this comparison
might be biased due to different beam conditions (e.g. average proton beam intensity in
run 6371 was about 20% higher than during run 2188).

nnnnnnnnnn

‘ Ratio dN®®___/dp(min.bias) over dN™__ /dp(T1 without co-planarity) ‘
T

0.4 X2 ndf 44.39/34

0.38 po 0.3389 + 0.0059

1 -
0.36 pl _ -0.01606 +0.00588

0.34

0.32

0.3

0.28

0.26

0.24

0.22

2 3 4 5 6 7
p, GeVic

deet
Figure 34: Ratio of —2%45FD for run 2188 (“minimum bias dE/dx x V27) over the

1Y
distribution for run 6371 (“T1 77~ without coplanarity”) fitted by p0(1 + p1 - p).
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2.4 Experimental spectra for 20/24 GeV/c

Part of DIRAC statistics was collected with proton beam momenta 20 GeV/c. Center-
of-mass energy /s in proton-nucleon collisions is lower by about 10%: from 6.84 GeV at
24GeV/c t0 6.27GeV at 20 GeV /c. Detected distributions of accidental 7~ collected with
the “T'1-coplanarity” trigger have similar shapes for 20 and 24GeV /¢ proton momenta runs
(fig. 35). Where as the ratio of Badhwar parametrizations of the 7~ inclusive production

at different incident proton momenta is presented in fig. 36.
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3 Conclusions

Acceptance of the DIRAC setup has been defined by means of MC simulation as a 3-D
function of incident single particle momenta (7%, K* and protons). This 3-D description
is complete, i.e. acceptance functions can be analytically transformed to different system
of coordinates. Dependence of acceptance functions on different selection criteria has been
studied.

Based on experimental data and above acceptance functions effective shapes of double
2

differential production cross sections “on target” 7nd® for negatively or positively charged

hadrons have been constructed, which reproduce (in Monte-Carlo simulation) detected
by DIRAC experimental distributions. Double differential production cross section “on
target” have been expressed in terms of compact analytical functions (so-called Badhwar
parametrization). Momenta of incident protons is 24 GeV/e. Covered kinematic range of
secondary particles is p € [1.5,5.0]GeV/c and © € [80,120] mrad. These analytic effective
shapes can be used to simulate accidental mr-pairs and to test validity of MC description
of the DIRAC spectrometer.

Above double differential production cross section of negative pions from reaction
pNi — 7~ X does not fit experimental data obtained by Eichten et al. in the kinematic
region common for both experiments. This difference can be partially explained by
background of pions which appeared not in the target center but, for example, by the decay
of secondaries or by interactions in spectrometer material. This source of uncertainties
can be estimated (eliminated) by appropriate MC simulation. DIRAC acceptance covers
about 6% of secondary pions from pNi collisions. This can be compared to about 12%
of events of interest studied by Eichten et al. by scanning phase space. Instead DIRAC
samples the available phase space continuously in a “single look”. On the next stage of
the DIRAC experiment particle identification will be enhanced by dedicated aerogel and
heavy-gas Cherenkov detectors, which will make 7/K/p-separation feasible. With the
possibility to operate the DIRAC spectrometer magnet on several values of the magnetic
field this makes the study of single-particle production by DIRAC competitive. Another
possibility is to match our production shape “on target” to results of open-geometry
hadroproduction experiments, which are now in the phase of data taking: e.g. MIPP
(FNAL-E907) plans to measure particle production by proton beams between 5 and
120 GeV /¢ on various targets, including Cu.

This work would not have been possible without many members of the DIRAC team
who shared their opinion for the problem and provided critical remarks, special thanks
have to be addressed to Valery Yazkov for his invaluable help on different stages of this
work.
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A Spectra parametrization

To fit spectra we use parametrization of LIDCS? for p+p — 7+t X suggested by Badhwar
et al. [6]:

EF— =A———7F—— —-B 1+ 4m? 12
&p (1 + dmz2/s) exp [=Bp. /(1 +4my/5)] (12)
~, E* 2 4 2 2 pﬁ
= — * - e 13
" B \/x” FPLrma) g =g (13)
2
q201+02pl+03pJ_- (14)

L+4m2/s

Constants A, B, r, C1, Cy, C5 are free parameters. Fit over available experimental data
gives values presented in Table 9.

Table 9: Parameters for representation of invariant cross sections [6]

ACS B r Cl 02 03
Particle [mb/(GeV?/c?)] [(GeV/c)™'] [(GeV/e)™?

7wt 153 5.55 1 5.3667 —3.5 0.8334

T 127 5.3 3 7.0334 —4.5 1.667
For p4+ N — 7t X:
s _pdo AN (o o fi )], where g (15)

On = I = A— |04+ nl0Ox — 04+, W 04 — — .

v d’p pNortX ApN ’ d’p pp—mEX

fn is the fraction of neutrons in the target nucleus, A,, and A,x are the interaction mean

free paths for pp and p-nucleus collisions. 7 is the charge mixing parameter.
2

Double differential production cross section can be expressed as

dpd©
d*o _ 27p? sin © Ed3a . (16)
dp d© E d3p Badhwar

2LIDCS — Lorentz invariant differential cross section
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