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Optimization of the HADES secondary pion beam spectrometer *
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The GSI pion beam on the optical axis. The TRANSPORT program allows to

T imize the bi ield in th calculate the first and second order transport coefficients
0 maximize the pion yield in the momentum range‘l’,-j and T;;;, relating the coordinate array at any position

ahml“_md 1 G.eV/C’fth(fa ﬁecoqdar):jpzlog bVe/am :nga_"ned W the beam line to the one at the production target. In a
Le mtergrc]:tlon of a Tully Sltnppe h eSISnlusce |onh second step, these coefficients are used in a MonteCarlo
eam with an intensity close to the space chardf, jation to trace the particles all along the spectromete

limit of 0.8-1.0 10" fons/spill impinging on a 10 em thick \ iipin the geometrical acceptance of the magnets, detec-

Be target. In these condi_tions, the pion flux atthe HADES, ¢ 54 HADES target. In this way, the transmission and
target is about 5 TOr/spill at 1 GeV/c and decreases BYihe envelope of the beam is followed step by step. Due to

a factor 2 ‘Zt O'Leﬁxlésgd 1.3 GIeV/c. ggg pi%ns are the[ﬂe tilt angle (21.79 of the two dipoles, horizontal and
transported to the target, locate m downstreagy, ;| planes are coupled. In particular, the dispersion

011:t7he prgducnlon p%'gtg_y albeam line compﬁsed of ?:l_attf&rms in the vertical plane associated to the coefficients
of 7. quadrupole and 2 dipole magnets, as showninFig.1 g1 . . - anq T, and the coupling terms associated to

[1]- the coefficients T, , T146 and T32 cannot be neglected.

Optimization of the spectrometric pion line

While the pion flux at the entrance of the spectrometric
beam line is determined by the primary beam characteris-
tics and the target nature and geometry, the setting of the
beam line needs to be adjusted to maximize the transmP9

sion and reduce the size of the beam spot on the HAD L e X
. ST . . . 0 minimize both the global transmission loss and the size
target. This optimization is particularly important in dtu

ies of the production of rare probes, like dielectrons anﬁf the beam envelope at the HADES target. The global

strange particles and in the use of the HADES liquid hydro_ransm|35|on, measured with respect to the entrance of the

gen target with its diameter of 12 mm. In addition, to rejec§pectr0meter Is about 56for /=0 and decreases gradually

. : as a function of|d|, reaching zero fos = +6%. Most
background events and select exclusive channels irrthe
. ; of the losses are due to the apertures of the magnets, es-
nucleon reaction, an event-by-event reconstruction of the . . .
; s o ecially the second dipole and the following quadrupoles.
pion momentum and positions by means of position mea-

: o S n the presence of the LH2 target, with a 12 mm diameter,
surements in two newly-built in-beam Si-strip detectois [1_ ... -
. additional losses of about 36are expected. In addition,
has been introduced.

. . . some background is expected from interactions with the in-
For these studies, a Monte Carlo simulation was car- 9 P

. . ner tube, 48 mm in diameter placed upstream of the target.
ried out. In a.f|rst step, a TRANSP.ORT [.2] program COd(?Due to second order terms, the transmission is larger for
basgd on agven geometrical cpnf|gurat|o_n of the spectr ositive values of. As a result, thé distribution can be
metric beam Img and detectors is gsed o fit the quqdrup gpresented to first order by a Gaussian distribution cen-
strengths to fulfill general constraints (focus in horizint

and vertical planes at the intermediate and final imageter.ed at +0'% and a varia_mce of 1%' Whilg a ppssible
where the detectors will be placed and achromaticity i§hlft of_the primary beam |n.th¢ ho.nzontgl dlrect|.on .V\.IOUId
both vertical and horizontal directions at the HADES tarJ—USt shift the momentum d|§tr|put|on, with no ;lgnmcant
get point). In the usual beam optics formalism, a parti(-:.hange. of the global transm!ss.|on, the sensitivity to a ver-
cle with m'omentunp and horizontal and vertical pésitions;tlcall shift s mL.JCh Iarge_r._ This is dge to the large value of

. . the magnification coefficientssT which reaches values as
(angles), x §) and y ), respectively in the plane trans-

. large as -70 at the second detector position. As an example,

Ve hi X
. . shift of 1 mm would induce a decrease of the acceptance
coordinates, (1), 6(2), y(3), ¢(4), 6(6)). The numberin .\ 'co " 1po\ertical alignement of the primary beam has

brackets is the index of the corresponding coordinate Aferefore to be adjusted very carefully. In the first experi-

f Th(pri‘prm{l)/prﬁfr:? t:te momeprtum or:fdsiit V;"th rf,[‘?plectment performed in 2014 with the pion beam, the transmis-
0 he relerence momentum. ; COrrespo gtoparticles qop pattern was found to be in very good agreement with

*\Work supported by . the calculations [1]. The measured rates allow to confirm a
 ramstein@ipno.in2p3.fr pion flux of 5 10 x/spill on target at 1.0 GeV/c.

The first part of the spectrometric line is fixed, but the
sitions of the last three quadrupoles (two 1 m long and
e 0.4 mlong) and of the two detectors have been adjusted
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] on the selection of exclusive channetsp — ne*e™ or
b 7~ p — nw ) of the pion momentum resolution is a
i factor 3 lower than the impact of the momentum resolution
of particles detected in HADES.

By using the reconstructed valuég, yo, ¢9 andé of
the pions, an estimate of their positions at the HADES tar-
get can be deduced by using the appropriate transport co-
efficients. The resolution on the position measurements is

Figure 1: Left: Pion momentum resolution as a functior(ljorrllnated by the effect of the multiple scattering. Its de-

of the momentum offset for different values of reference pendence on the primary beam transverse position is there-

momenta and primary beam transversal sizes. Right: Sarfr?ere very weak. The resolution on the horizontal position

: o . is almost independent of, with values of the order of
for the vertical position resolution at the HADES target. 9.6 mm at 0.65 GeV/c and 4.6 mm at 1.3 GeV/c. The reso-

lution on the vertical position at the target depends both on
Pion momentum and position reconstruction  the reference momentum and on the offset, as displayed in
o . - Fig.1 (right).

The principle of pion momentum, angle and position re- Tg check the validity of the beam line description, a pro-
construction is based on the relation between the measufig@ beam of known momentum (2.7 GeV/c) has been used
positions (1, Y1) and(X2, Y2) in two detectors placed in [1]. Its incident angle and position could be varied up to
the spectrometric line and the beam particle coordinates a4 4 mm in %, £2.2 mrad infy, £0.7 mm in y, and
the production targetr, 6o, yo, ¢o, ), which can be writ- - +7 mrad in¢,. The spectrometric beam line was used
ten using the first and second order transport coefficientgith different settings, corresponding to valuesdfor
as discussed above. To solve this set of 4 equations Wighe proton beam ranging from -473to 4.7%. The im-
five unknowns,z is set to 0 and the corresponding neépact positions on the Si detectors were used to deduce,
gleCted terms will then contribute to the resolution on thQ\/hen possib'e, experimenta| values of the transport coef-
coordinate reconstruction. In addition, terms with neglig ficients. The most important dispersion tefff; is found
ble contributions are not taken into account, leading to t}"@my 3% lower than the value calculated with the TRANS-
following relations: PORT code. Taking into account the observed deviations

for measured coefficients and potential deviations for un-
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Xi = Tli?GO T Tf4¢0 + T1i6§ (1) measured ones, the resolution stays beloWf& a ref-
+ 156000 + Tyg000 + Tigg? erence momentum of 1.3 GeV/c.

Yi = T + Tizyo + Tisco + Ti60 (2) _ _
Tiayod + Tiysb06 + Tig6> Purity and future per spectives

. . . . The purity of the negative pion beam is not an issue.
\év(;s;zz i';réii?/efyth dee?eertri?r:?r:gl?ge;(.fi:s?i?g@egrl:ggog; A"Bven if a sizeable fraction_ of glectrpns from the palitz
neglecting the C(;upling to the vertical plane. Fig.1 (Ieftijecay and of muons from 'n_.ﬂ'ght pion decays might reach
shows the pion momentum resolution for réfereﬁce mohe target, a negI|g|bIQ contr.|but|on 'to the measured avent
is expected due to their low interaction rates. At larger mo-

menta of 0.65 GeV/c (black curve) and 1.3 GeV/c (blue ;
) menta, kaons can be produced, but most of them will decay
curve) as a function of the momentum offéetThese re-

sults have been obtained in a simulation with realistic beabefore reaching the HADES target. In the future, the pos-

conditions (x and y distributed following gaussians with g}.b'“ty tq use a posmve_ pion beam wil pe styd|ed. T_h|s

variances of 0.05 cm anfih and g, uniformly distributed waI require the separgtlon of protons using time-of-flight
L ) ) . information and possibly the use of a proton beam at the

with intervals of half-width respectively 10 and 50 mrad)maximum energy to reduce the relative yield of protons

and taking into account the design geometry of the in'bealﬂwe use of a primary proton beam can also be preferable io

Si strip detector [1], with a position resolution of 8@ increase the pion flux at momenta above 1.5 GeV/c

and a thickness of 300m. For pions travelling along the ' '

optical axis, the resolution is about @1 This value grows

linearly with the beam spot size, as demonstrated by the References

red line corresponding to a variancean of 0.1 cm. The [1] J. Wirth et al., "Tracking Pions with CERBEROS at the

dependence of| of the resolution is due to the effect of = HADES spectrometer”, contribution to this report.

multiple scattering in the first detector, which affects th‘fz] PSI  Graphic  Transport  Framework by  U.

momentum determination only for trajectories away from * Ronrer based on a CERNSLAC- FERMILAB

the optical axis and decreases with increasing pion momen- version by K.L. Brown et al, 2007. URL

tum. In the ranggd| < 3%, where the transmission is  nttp://aea.web.psi.ch/Urs_Rohrer/MyWeb/trans.htm.

significant, the resolution stays better than%,4ven at

the lowest momenta. It has been checked that the impact
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