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1. ATLAS and CM S Detectors

In March 2010, the Large Hadron Collider (LHC) started to deliver pp-collisions at the centre
of mass energy of 7 TeV. The luminosity delivered by the LHC was €f ciently recorded by the
two multipurpose detectors ATLAS [1] and CMS [2] and used for commissioning of the various
detector components. For the spectroscopy measurements presented in this paper, it isimportant to
notice the speci cs of the two detectors in geometrical cove rage and magnetic eld. ATLAS and
CMS can cover track reconstruction in pseudo-rapidity® jnj < 2:5, while the muon spectrometer
canreach jnj < 2.7 for ATLASand jnj < 2:5for CMS. The CMS magnetic eld of 3.8 T alowsa
pr resolution of o, =pr = 0:015%pr  0:5%. The ATLASdetector can reach withits2 T magnetic
eld aresolution of op,=pr = 0:05%pr 1%.

The various results presented here were abtained at different stages of collecting luminosity
and they contain only statistical errors.

2. Reconstruction of Strange Particles

First particles that one can reconstruct in the commissioning phase of the two detectors are
the strange particles Kg and A°. Dueto their long life-time, the corresponding combinatorial back-
ground can be reduced to a level bellow one percent. In addition, they can be used as "candle
resonances' allowing adirect check of the aignment and of the momentum resolution.

The Kg resonance is reconstructed in the ATLAS[3] detector using two opposite charge tracks
with the 1T mass hypothesis that can be merged to a secondary vertex (SV) which in the (x;y) plane
isat least 0.4 cm far from Primary Vertex (PV). In Fig. 1 (left) one can see the resolution that can
be achieved (5.6 MeV/c?) when the mTis required to ful Il pr > 0:1 GeV and jnj < 1:2 criteria.
The combinatorial background can be reduced by asking for cos8 > 0:999 which implies that the
angle 6 between the momentum and the direction of ight iscloseto ze ro.
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Figure 1: Invariant mass of the reconstructed Kg using ATLAS (left) and CMS (middle) detector. The Kg
life-time measurement performed with the CM S detector (right).

A similar selection was applied also in CMS [4], requiring rapidity jyj < 2:0, for the results
presented in Fig. 1 (middle) and (right) distributions. It is worth mentioning that the life-time
obtained using the CM S detector in the rst pp-collisions data has an accuracy on the per mille
level.
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In addition to the K¢ also strange mesons such asK (890) ¥ K2rr [5] and ¢(1020) ¥
were reconstructed. The ¢(1020) resonance can be reconstructed cleanly in decays of hlgher reso-
nances [6] (eg. Dy T (K K )m )asonecanseeinFig. 2 (right). The CMSresultsfor K (890)
and @(1020) at ~ s= 900 GeV and 2.36 TeV can be found at [7].
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Figure 2: Invariant mass of the reconstructed K (890) ¥ Kgrr (left) and @(1020) ¥ K*K (right) using
ATLAS detector.
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The A%(uds) ¥ prr baryon and its corresponding anti-particle are reconstructed using asim-
ilar selection as for K. The background is reduced in ATLAS[3] analysis using a harder cut on
cosf > 0:9998, while in the analysis performed on data recorded with CMS [4] detector the
mass hypothesis was assigned to the lower momentum track.
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Figure3: Invariant mass of the reconstructed A° and A° using tracks selected within jnj < 1:2inthe ATLAS
detector (top left and right). Invariant mass of A° ¥ prr and charge conjugate combination (bottom left)
and its lifetime (bottom right) using CM S data.

The results presented in Fig. 3 show a clear difference in reconstructing A° and MO in the
central part of the ATLAS detector, pointing back to differences in the production mechanism.
Thisisaso observed in CMS.
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Figure 4: Invariant mass of the reconstructed = with ATLAS (left) and CMS (middle) recorded data. The
rst measurement of life-time of the = using CM S data (right).

Baryons with S= 2 have been reconstructed inthe A°rt  decay mode, = (dss) ¥ A°mr . The
= isreconstructed in the ATLAS data [5], see Fig. 4 (left), selecting an additional charged track
(1T ) having pt > 0:15 GeV and the impact parameter in (X;y) plane jdoj = 0:5 mm. The decay
vertex of = isrequired to be 4 mm away from the PV. The CMS analysis [4] requires the ight
distance of = larger than 404 and asksfor the trajectory to point back to the PV within 3. Results
can beseeninFig. 4 (middle). For thelife-time of = , Fig. 4 (right), more data need to be analysed
in order to increase the precision of the measurement.

3 180
2 oof VE=7 TeV dataATLAS Preliminary 3 o T ———_—
0 [ Q(670)-AK | * Correct charge comb. ] s r CMS Preliminary
o 140 ~p50 ypt [ Wrong charge comb. | 2 00 .
ook W Sk ] 510 Yield: 187.6-19.9
@ 1201~ B = . 2
= F Gaussian+polynomial fit 8 Mean: 1672.2 - 0.4 MeV/c]
5 100~ 1= 1672.8+ 0.3(stat.) MeV k| Sigma: 2.9-0.3 MeV/c? |
801 o= 4.0+ 0.3(stat.) MeV{ ('% |
5 bl O so- I -
60 A I\ .
£ - FM@W’H@%;(%&
40F g
20F _— - |
£ ¥ Statistical uncertainties only
C L P Lo PRI Y L
1%00 1650 1700 1750 1800 1850 1700 1800 1900
M, [MeV] A’ K invariant mass [MeV/c?]

Figure5: Invariant mass of thereconstructed Q ¥ A°K  with ATLAS (left) and CMS (right) detector.

The last strange baryon considered in this paper isthe Q (sss) ¥ A°K . Theinvariant mass
of AK system is shown in Fig. 5 for ATLAS (left) [5] and CMS data (right) [4]. The selection is
similar to that for the = baryon, additionally requiring pr > 1.5 GeV for the reconstructed Q .

The measurements of these very narrow strange resonances prove that both detectors have
achieved a very good alignment and momentum resolution already in the commissioning phase.

3. Reconstruction of Charm Mesons

Another important chapter in spectroscopy that can be studied with the ATLAS and CM S de-
tectorsis represented by the charm mesons. In Fig. 6 one can observe the invariant mass difference
used to identify the slow 7rfrom the golden decay channel D * ¥ DO ¥ K 77" 7 and its charge
conjugate in case of ATLAS (left) [6] and CMS (middle) [8] recorded data. The invariant K 7+
mass accompanying the 1% is presented in Fig. 6 (right) for CM S detector. The selection criteria
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used in CMS analysis, very similar to those used in ATLAS analysis, are py k= = 0.6 GeV and
pr = > 0:25 GeV, withthe D * meson candidate ful Iling prp >5GeV and applying an invariant
mass window around the D° mass jMx,;  MEP®j < 25 MeV.

VS=7Tev Line = 1.4 nbL D'-» DK D*— D(Kn)n

>1800}‘ATLAS Preli‘minary‘ T T 3 »; :“uy“‘wu".‘“H,Hum"‘HJ‘H‘,E ,§ AR R RARARE
§1600 £ Data 2010 B 22 CMS Preliminary 2 220TMS Preliminary  Yield: 355.9 + 32.5
E o right-charge combinations 144 9 180F J5=7TeV 4 o200 E
01400 [ -- wrong-charge comblnatlons L B 1 3 ol YS=TTeV E

£ O @ 160 = E
?1200 = ) = § 10 AT 3
Bi1000 | 77 E } 4 } v =
Qa0 fp o 1 - 1 1 -
.S 600 fit: N(D**) = 2020£120 1 a0 ﬂ t E aoi 3
T £ AM = 145.54+0.05 MeV 1 GE- 3 5 E
S “0F, O(AM) = 0.85£0.05 MeV/ ] : Vield =343 + 365 ] % AT
B 200 TeEEE E i +Mean = (145.37 £ 0.06) MeV/c2 0= Mean: (1.864 + 0.001) GeV/c? 3
g O:MH‘\HH\H"\HH\HH\HHE 20? Sigma=(0.6li(}.07)MeV/cz’E 2 Sigma: (139114)MeV/cZ E
O 014 0145 015 0155 016 0165 0.17 A G a0 e S o5 015 0156 0156 R R T TR T
AM = M(KTtTS) - M(KTD) [GeV] M(Krr) - M(Kn) [GeVic?] M(Kn) [GeV/c]

Figure 6: Invariant mass difference of the reconstructed slow T with ATLAS (left) and CMS (middle)
recorded data. Invariant mass of D° messon candidates used in CMS analysis (right).

Two other important charm mesonsthat can bestudied at ATLASandCMS[8lareD ¥ K 1 11
andDJ(c§) ¥ ot ¥ K K 1 . InFig. 7 left (ATLAS) and middie (CMS) one can observe the
reconstructed invariant mass of D  obtained with a smple and robust selection which reguires a
SV and certain amounts of pr for K and . The ATLAS analysis of D mesons requires a more
elaborate selection, including criteria such as cos8 (1) < 0:4 where 8 (1) isthe angle between 1T
in the KKt rest frame and the KKt line of ight in the laboratory frame. An additional angle se -
lection used isjcos® 8°(K)j > 0:2 where 68°(K) is the angle between one of the K’sand rrin the KK
rest frame. Asasupplementary result of the DY mesons analysis one obtainsthe ¢(1020) ¥ K™K
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Figure 7: Invariant mass of the reconstructed D ¥ K 1 mm using ATLAS (left) and CMS (middle)
detector. TheDZ ¥ @mr ¥ K K 7 invariant mass obtained with ATLAS recorded data (right).

decay reconstruction, as shown in Fig. 2 (right).

The results on charmed mesons presented up to this point demonstrate the ability of the two
detectors, ATLAS and CMS, to reconstruct low pr tracks. The next step is to understand their
performance regarding muon reconstruction. The best "candle resonances' for this purpose are the
di-muon decays of the double charm (J=W(19)) and beauty (Y(1S)) mesons.

In the CMS analysis [9] the J=W(1S) di-muon candidates are reconstructed requiring a SV
probability larger than 0.1% and transverse momentum of the reconstructed muons above certain
thresholds depending on the n region of the detector where they have been reconstructed. In
the ATLAS analysis [10] an asymmetric requirement on the pr of the two muons was used (2
and 4 GeV respectively). In Fig. 8 one can observe that the invariant mass resolution that can be
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