PANIC11
July 24th—29th, 2011

Massachusetts Instifute of
Technology
Cambridge, MA, USA

“B and D Hadron
Production and
Prospects”

Flvira Rossi

Universita degli Studi di Napoli
federico II, Italy

On behalf of ATLAS Collaboration




The ATLAS detector

B-physics measurements with ATLAS
Large b production cross-section [few100 u b]
Excellent muon detection and tracking performance
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Precise momentum and lifetime
measurements




Muon Trigger and Performance

v’ Muon identification is key to many B-
physics analyses: clean trigger signature.

v Ever increasing instantaneous Iumlnosfry

requires prescales & use of number of
’rrlgégers to maximise statistics. Early period
ta-taking essential to study, as access

to low-p; region:

dN,,/dm,, [GeV
2

v D mesons: minimum bias 10% ¢ :
<> Fully efficient, prescaled beyond first data Nl One muon p;>15 GeV
v B mesons: single muon and dimuon
< Thresholds 0-10 GeV 1 ATLAS Preliminary
i D0
1 10 10
E 1.65— 'ATILA'S Olnlir'1e I’.un‘ﬂn(l)sit;l lJ§=‘7'|l'ev’ o -
%’ 1.4 [ LHC Delivered e - .
£ F Eanssfam d < 1.23 fblintegrated in 2011
3 '15_ TotalDolvered; 1.29 ' < 1.26E33 cm? s peak luminosity
g 3 b < Overall data taking efficiency >95%
g b i <> All subsystems >90%
g o4 E < Expect >10 fbo! by 2012
" eab E < Results discussed based on 2010

(~40 pb!) data
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Exclusive B meson reconstruction

v Aim to study flavour tagging, mixing, CP violation, branching ratios
v Initial studies test detector and trigger performance
v Use B—=J/¢ (utu-) +X decays

Muon reconstruction
Combined Muons: Muons

5: Combined muon with an Inner Detector

track matched o a Muon
Spectrometer track and
refitted through the

detector to give the best

O |\|§| | O measurement.

o Tagged Muons: Muons with
Tagged muon an Inner Detector track

matched to a segment
“ when extrapolated to the
Muon Spectrometer. Such

muons generally have low

momentum.
O 1= O




Charmonium Observations

J/ U events selection:
> At least 1 primary vertex with 3
tracks associated

» Quality cuts on the Inner
Detector tracks to remove the
badly measured muons

» Opposite charge muon pairs
with successful vertex fit.

» One of the muon candidates
needs to be combined
» Momentum Cut:
p(p;) >4 GeV
pr(y,) > 2.5 GeV

> | n)|<2.5

Di-muon Candidates / ( 0.017 GeV)

3 I—
ATLAS Preliminary e Data: 2010
100 = Fit projection
\Vs=7TevV 4& === Fit projection of bkg.

-
80 f Ldt=41 pb
N,,, = 846000 + 1000
1, =3.005 = 0.003 GeV

60 0y =65+ 1 MeV

40

20
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Observation of Bf mesons: B*—J/ U (uu)K:

ATLAS-CONF-2010-098

Reference channel for other B decay measurements.
Cross section measurement imminent.

Data taken from June to August 2010, using single- and di-muon triggers:

v Di-muon in the J/¥ mass range combined with a third track (kaon mass
assigned).

v' Fitted 3-track vertex, with J/¥ mass constraint on di-muon

v Unbinned maximum likelihood fit : Gaussian signal, linear background

%\ 250_ T I T T T T I T T T T I T T T T I T T T T I T T T I_ s 220 i i i i I i i i i I i i i i I i i i i I : : : : I : : : I:
s . ATLAS Preliminary mg. = 5283.8= 3.4, MeV ] 2 200 No vertex displacement cut applied -
B = +4 MeV B m
8, 200~ \s=7Tev 0= 502 e Me ] g 180 bf - Jp('w)KT
= B Ng.- = 325= 36, i < 160 —
3 - f Ldt=3.4pb’ - 8 a0 + K T
£ 150F — & E
(i - + + ] 120 i Ns=7TeV
= 7 100 + Ldt=3.4 =
RS G ot ) T 5 pb
100~ 0 DT T 80 %ﬁg f =
N . 60 =
- M i M bt d e p
50— — 40 il T
. i 20 ATLAS Preliminary 4 '
B Novertexdlsplacementcutapplled . A T S R S I
B 4%00 4500 5000 5500 6000 6500 7000

000 5100 5200 5300 5400 500 5600
(MeV)

M,k (MeV)
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Bt—J/ U (uu)K? ATLAS-CONF-2010-098

Positive and negative states are observed with consistent fitted parameters

s 70 i o N o o S s O T T T T
2 C ATLAS Preliminary mg = 52826436, MeV 7 = © ATLAS Preliminary Mg = 52837433, MeV ]
o 60 6= 40+4__ MeV = o 60 a0+ =
® (stat.) ] c=39% 4' at) MeV ]
© \s=7TeV No.— 138+ 15 3] @ \s=7TeV = ]
- " 15, E < sk Ng = 146+ 15 =
[%] - -1 - ) . -1 -
o F J-Ldt=3.4pb E k] E JLdt:SApb -
E 40;_ Ly >300um _; L-Eu‘ o L, > 300 um 3
30F B+ = 30F B- =
20 = 20F 3
10F L = s SR S 3
E e b by by by by & E T T B T B

5000 5100 5200 5300 5400 5500 5600 5000 5100 5200 5300 5400 5500 5600
My (MeV) My (MeV)

Background suppression by applying a cut on transverse decay length L,, > 0.3 mm
Factor of 6 reduction in background with ~13% loss of signal.

= 120F ] > 100l ]
s _ ATLAS Preliminary Mg = 52832 2.5, MeV ] s ATLAS Preliminary | |

o C o= 39+ 3(3131_) MeV ] o U OK

e 100~ \s=7Tev Ny = 283222, . S 80 %‘ S J

8 i =3.4pb’ . 4 - Ip')K

8 sl det-3.4pb - g i # =K

ch . Ly >300 um - uCJ 60 — % N N

60F- - - .

- ] - Ldt=3.4pb'

- . 40— ‘ﬁ‘ # f PO

40— — - i

: . i + + Ly>300um |

)| LA s £~ _' 20| %%f N

T ey % : B A A'.“ y " .
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Mass compatible with PDG value:
ATLAS: M(B) = 5283.2 * 2.5 MeV PDG: M(B) = 5279.17% 0.29MeV




B%,—J/ WK and B°,—J/U ¢

Select 2 additional tracks, assume K0—K* - or ¢ —K*K-

Fit 4-track vertex; constrain u*u-to M(J/¥)

Apply cuts on M( @) or M(K*0)

Unbinned maximum likelihood fit: Gaussian signal, linear background

BO,—J/ ¥ K™ and
anti-BO—J/ ¢ KO* —

120/~ ATLAS Preliminary mg_=5364.0 = 1.4, MeV _

200

100

5200 5300 5400 5500 I 5600
my,, kx (MeV)

>

2
- L I - .
2 = ATLAS Preliminary My = 5279.6 0.9, MeV 3 © [ \s=TTeV (';ls > 528 12§(sm>M —
= 700E Ns=7Tev Ny = 2340+ 80, MeV = 100F f L dt =40 pb O Sy =
« E [ Ldt=40pb” o= 38813, MeV . P C .
— 600k (stat.) = = C .
- C ©>0.35ps 7] q>, 80 7
[2] C ] - -
T 500F = w - .
W 400F = n .
- . 40 ]
300F = - ]
= E 201 -

51 00 5200 5300 5400 5500
KO (MeV)
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o [ o »
The B°, and B’ lifetimes in the decay modes B°,—J/YK°
and B°.—J/Y @
8 104; T T T T T T | T T T l T T T I T T T T T T E 8- L T T T T T T I T T T I T T T T T T T T T ]
o § e Data BO ] 1 | data signal < I * Data I
=) i gptal Ilzit ] S . 'Sl'%ﬁgllzit
~ i — Signa . . . . ~ — _— —
2 10°E I Nc?n-prompt Jhy Background _| “fehme_ projection of i) 10 & F QTS Non-prompt J/y Background 3
S g e Prompt J/y Background 1 | the simultaneous 5 C A\ Prompt J/y Background ’
o f 1 | mass and lifetime fit o ' ]
r ; ATLAS Preliminary - ATLAS Preliminary
12k 4 \s=7TeV | SR 10°F \s=7TeV E
=] [Lat-a0pn’ = | the proper decay o0 i [ Lot-a0p0’ ]
F 1 | time functions of the Q .
B H ] O -
S 1 promptly produced ~
10E {; 4 | v > Q  10F -
-l E © :
nE the proper decay - . ]
BIE X ) )
J time functions of the O N l‘ .
120 2 4 6 8 {0 | non-promptlJ/y 1) 270 2 4 6 8 10
B4 Proper Decay Time [ps] B, Proper Decay Time [ps]

BO, lifetime: 7 g5y =1.51 £0.04 (stat) + 0.04 (syst) ps
BO. lifetime: 7 g4 single =1.41 £ 0.08 (staf) + 0.05 (syst) ps

The fitted lifetimes of both B mesons are
consistent with the world average values
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D-mesons production

D -mesons are produced in ¢ and b fragmentation

c and b quark production are hard processes (my >> /N cp)
Theoretical calculations available up to NLO+NNLO level

Still large theoretical uncertainties (scales, multiple interactions)

SN KX

Reconstruction of D-mesons already feasible with first ATLAS data due to:
< large cross-section values
< clean D-meson signatures
< precise ATLAS tracking and vertexing

expected cc and bb cross sections in p-p collisions at Vs = 7 TeV:

O (cc) ~ 4.4 mb o (bb) ~ 0.24 mb
first charm processes reconstructed in ATLAS:

\ D*+ =D —(K7*)n* (+c.C.)
Dt—Kntnt (+c.c.)

DS = ®n" — (KK")n"(+c.c.)
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D-mesons production: D*  Zwo[israme W7t Lo

Data 2010

01600 [ T N o

- e right-charge combm.atlolns M a

Build DO signal from M(Kr) for D** candidates 1408 wengerus o s T
Additional discrimination from mass difference §120F o E
©1000 | —

AM = M(KTr,)-M(KTT) £F m E
£ 800 [~ =

E = 1

. O 600 fit : N(D**) = 2020 + 120 —

Use presence of secondary vertex and properties of 400 E- M = 145544 005 Mey
hard process to guide cut selection to enhance signal 200 :., o(A M) = 0.85 + 0.05 MeV _
5 ]

0 11 [ T [ T
014 0145 015 0.155 0.16 0.165 0.17
AM = M(Knn,) - M(Kn) [GeV]

L L L L B I
ATLAS Preliminary Ns=7TeV L, =14nb"
Data 2010

® right-charge combinations
= wrong-charge combinations

+
s
140 MeV

IR S S

Combinations per 10 MeV

Interaction point

D*+ 1865 MeV

(cd)
2010 MeV

fit : N(D**) = 2100 + 130
M(D°) = 1865.5 + 1.4 MeV
o[M(D%)] = 24.2 + 1.5 MeV —
o ....... . FExponential BKG]
1.7 1.8 1.9 2 2.1 2.2
M(K) [GeV]

III|IIIIII|III|III|III|II

o)) ||||||||||||||.||||'.'||||||I||||
i . R ]
i g2
$
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< Hard production and fragmentation
cuts on py(D7), pr (K. ), pr D7)/ 2 &,
< Charge constraints g(K)=-g(x, ) PDG Mass ATLAS Mass

Mesons
<$ Vertex reconstruction D%, DO (MeV) (MeV)

% Decay length L, (D%)>0 D*-D° 14542 +0.0]1 145.54 = 0.05

DO 1864.83 +0.14 1865.5 = 1.4



D-mesons production: D.* and D*

D+t = @t = (KK*)n*(+c.c.) ! D*—Kr*n+ (+c.c.)

+ +
T K+ TC

D +

(O

Secondary Vertex

Secondary Vertex
Interaction Point ~ C 7 (Ds*) = 150um ) : C7(D+)=312um
Interaction Point
%400: LI L u'l.| T T |'| LI B R B I L L B | |>;| ] >1000_| —— _
S 450 [ ATLAS Preliminary - \s=7TeV L, =1.4nb" 3 2 900 £ ATLAS Preliminary Ns=7TeV L, =14nb' 3
N - Data2010 ] o E ® Data2010 E
& 300 § - T 800 - ) E
[o N . [0] 3
2 250 :_ _: % 700 E —;
é 200 - E £ 500 E
3 150 |- = § 400 | =
E L N ] (@) E =
100 fit : N(D) = 326 + 57 $ 300 E— fit - N(D*) = 1667 + 86 =
50 - M(D)) = 1971.5+ 4.6 MeV ] 200 = m(D*) = 1871.8% 1.1 MeV g
- o[M(D)] = 24.0 + 3.8 MeV 3 100 = oIM(D%)]=19.7 1.2 MeV 3
0 C . PR T ST WO AN S S T SN T SO ST SN S NN SN ST SRS NS S N N 0 E T T N E
1.6 1.7 1.8 1.9 2 2.1 2.2 16 17 1.8 1.9 2 2.1 2.2

M(KKm) [GeV] M(Kxr) [GeV]
ATLAS Mass
(MeV) (MeV)

1869.60 = 0.16 1871.8 = 1.1

1968.47 +0.33 1971.5 £ 4.6
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D meson differential cross sechons w.r.t. |9T

A I I T T I T T ;‘ I T I T T T I T
E ATLAS Prellmlnary \Js 7TeV Ln _1 1 nb1 1 8 ATLAS Prellmlnary \'s = 7TeV L _1 1 nb1 .
8 10° ® Data2010 = 9 107 ® Data2010 =
sz == powrec-PYTHIA  [FEREE- = #= POWHEG-PYTHIA ! E
= = T POWHEG-HERWIG 1 a . POWHEG-HERWIG ]
2 | -
-8"_ 10 & MC@NLO 4 § 10k MC@NLO -
5 F 1 8 E
1E = 1E 3
-1 -1
10 -:| I 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 10 E' I 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
e(D™) (GeV) pPr(D*) (GeV)

Cross-section uncertainties from:

< Track reconstruction and selection
<> D meson selection

< Model dependence of acceptance
< Signal fits

< Luminosity and branching ratios
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D meson differential cross sections w.r.t. r]

3300_"'|"'|"'|"'|"'|"'|"'|"'|I | L L 3300_"|lll|lll|lll|lll|llv||||||| T T ™)
= - ATLAS Preliminary \s=7TeV L =1.1 nb1 ] = - ATLAS Preliminary \s=7TeV L =1.1 nb‘ .
*‘g 250 e Data 2010 - £ 250 |- e Data 2010 -
= N ot = POWHEG-PYTHIA . = C &= POWHEG-PYTHIA .
TS 500 [ D™= ---- POWHEG-HERWIG = 2 200 - ---- POWHEG-HERWIG -
S N -« MC@NLO ] © - -'=* MC@NLO ]

150 . 150 =

100 100

50 50

0 111 111 11 11 111 11l 111 L1 11l 11 L
0 111 I 111 I 11 I 111 | 111 I 11 I 111 I L1 1 I 11 I 11 | L o 0-2 0.4 0-6 0.8 1 1.2 1.4 1.6 1.8 2
0 02 04 06 08 1 12 14 16 18 2

| n (D) | | n (D*) |

Integral cross sections in the kinematic range p;(D()>3.5 GeV and | n(D()|<2.1

ATLAS measurement with 1.1 nb™ POWHEG predictions
G (D*") = 285 + 16(stat.) *37(syst.) = 31(lum.) + 4(br.) ub o (D) = 1537 (scale) 712 (mg) 731 (PDF) ™3 (hadr.) ub
o (D*) = 238 + 13(stat.) 733 (syst.) £ 26(lum.) & 10(br.) ub o (D*) = 132137 (scale) 1 (m0) 72 (PDF) 2! (hadr.) ub
o0""(DY) = 168 + 34(stat.) 3 (syst.) & 18(lum.) £ 10(br.) ub o (DF) = 5913 (scale) * (mgp) "2 (PDF) ] (hadr.) ub
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Summary and Outlook

Many interesting results from the first year of data in ATLAS:

» D meson states observed and cross section measured.
ATLAS-CONF-2011-017

» Observation of B*=J/ ¢ (1 u1 )K*
ATLAS-CONF-2010-098

» Observation of B,—J/¢¥ (u 1)K and B.—J/¢¥ (u 1)@ and
measurement of ’r?\eir lifetime.

ATLAS-CONF-2011-050, ATLAS-CONF-2011-092

Short and longer term plans include

% Exclusive decays B.—J/ ¥ (u u)n

< Continue preparations for searches on rare decays such as
B.— 1 1 and studies into CP violation.

< Updates of current results using full dataset and many more
measurements in progress.
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