Production and Decays of Heavy
Flavours in ATLAS
)

g Vincenzo Canale INEN
' & Universita di Napoli “Federico II” and INFN L/ stituto Nazionale

Alessandro Cerri

University of Sussex

US

University of Sussex

Xth Rencontres du Vietnam - Flavour Physics
Conference

ICISE, Quy Nhon,VN, July 27 - August 2, 2014

Np»r-p»



A.

Outlook

Introduction:
All results available at:
1) General framework https: //twiki.cern.ch/twiki/bin/

2) Experimental aspects view/AtlasPublic/
HF Production: BPhysPublicResults

1) Quarkonium production

2)  P(29), %, and W+] /¢y production

3) Y(ns) production

4) Open states: B* production

HF Decay:

1) Observation of B,*—=B_* w*m-

2) Measurement of BR(B*— y +K™)

3) Parity violation in A,— J/y A,

4) B,— wrw”

Conclusions

07/29/14 AC, V. Canale: Production and decays of heavy flavors in ATLAS



colour-singlet state /

A.1 General framework SN
4 @)
Heavy Quark (HQ) production = crucial QCD test: %@M/

e Color Singlet Model (CSM) improvement with

+ other colour

NLO, NNLO* calculations; combinations
) COIOr Octet MOdEI (NRQCD) W|th LO, NLO, colour-octetstate‘ P .0\0\’%
e Other models: CEM and k; Factorization C BT SD

D %‘A o
N

(' non-pert. transition
(gluon emission)
to the observable state
Quantum numbers change !

Theory & experiments: LHC as high p; probe

Degree of Polarization (spin alignment)

quarkonium 42 e divergent theoretical predictions and ambiguous
rest frame 9 experimental results
+ .
pro?uction\. \e . . e Important for data
plne " - L B (3“0) (1+Xcsto . correction: (25-30)%
X y variation at low p+

+ Ay sin? 6% cos 26* 4 Agg sin 26* cos ¢*) .

LHC: large b statistics = new spectroscopy, test of SM, possible
evidence for physics BSM (e.g. Rare processes / small amplitudes)
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A.2 Experimental aspects O
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E 20 ecorae o ]
Excellent Run | LHC performance: L~26fb-1 57 Hrmeme :
= Tt §151_ 2011,Ns =7 TeV E
/‘—- g 10— Delivered:'5.46fbt“ —
------- e :
O:I | 1 Ty I I:

3 ppt 3 oct yat ppt 3 oct
Month in Year

107 oty  EF2mADMy ATLAS Preliminary =
B =F_2mus_Jasimum:
BN EF_2mud_Bmumu
B EF_2mud_Ugsimumu
1 05 E B &F_muimut_Jpzmurs Y(18)
W(2S) [ EF_muémut_Bmumu Y(ZS}
B _muémuB_Ugsimumu 5 I (38)

—— FF_mu20

Tile calorimeters

Entries / 50 MeV

LAr hadronic end-cap and

\ forward calorimeters 1 05 E
\ : ' \

LAr elechromagnetic calorimeters

ol

Toroid magnets !

Muon chambers Solenoid magnett [§Transition radiation tracker 104
N
10° . ey )
e Muon Spectrometer (MS): ? B ||diesbiy | T
: : LCi 2 4 6 8 10 12 14
triggering [n|<2.4 and precision o e

tracking |nl<2.7 - _ Trigger: mainly di-muon p;*

e Inner Detector (ID): Silicon Pixel thresholds (4 — 4) GeV or (4-6) GeV
and Strips (SCT )with Transition

Radiation Tracker (TRT), |n|<25 Several results from 2011 data
e EM calorimeter L4457 /s=TTeV
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Entries / 12 MeV

Entries / 4 MeV

Mass reconstruction = key tool in HF @ ATLAS:

o (Mt ) =J/y, Y

o (J/y+trks) = W, exclusive B
e Am= m(p*p-y)- m(u*tp-) “resolution”  , high s/B

e reconstr. £, =99%
) (O'pT /pt) = 0.05 up to 60 GeV
e 0,,~(50-100)MeV
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10° = F ATLAS —Data ] x10°
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Excellent tracking & vertexing = primary & secondary vertices

e prompt / non-prompt separation
e background reduction

\ P or Pr

Events / 0.04 ps

Px

. ATLAS-CONF-2013-039
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B.1 Quarkonium production
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1- 2++ 1++ 0++ JPC
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- Br(¢(2s) = J/Y(— ptpT) + 7w

dQO‘T

22 Br(Y,,s T
Y(5S) //////////;7 (iycﬁojw r ( — U )

= L]
ZosA3P)

bb

HpL

dpr

1- 2++ 1++ 0++ JPC
do(xes + X)

Probe:

high P; (>40GeV) region
small spin alignment effects
feed-down effects

onia and b-hadron
production models

- Br(Xes = J/Y(= ptp )+ (= ete)

P-states: just below open charm threshold = reduce feed-down

AC, V. Canale: Production and decays of heavy flavors in ATLAS



d*o(pp — Q + X) NQ 7 uu

. Br(Q — pp) = corr Signal yield: unbinned
dprdy L-Apr - Ay maximum likelihood
NE2ki : signal yield corrected for efficiency and acceptance fits = Opa ~ fEW %

L : integrated luminosity corresponding to the sample
Apr(y) : interval bin of the differential variable

. . —1
correction weight: w = (€ - €, - €4rig. - A)
ATLAS-CONF-2013-094

e(p:™ n®) efficiencies - data driven methods & 1o vl <075 — Total Weight J
to reduce uncertainties (e.g. tag and probe) = [[ - Acceptance --- Muon Reco. ]
s, — - Pion Reco. - Trigger
A(p; y) acceptance corrections [recover full o ATLAS
phase space, esp. @ low P;] = simulation I3 o
Total systematic uncertainty ~(5-10)% S
oo ATLAS-CONF-2013-094 e e
'("93' - E ly| <0.75 — Isotropic Longitudinalz 110 20 30 40 50 60 7080 100
T 18F 3 y(2S) p_ [GeV]
é 1_63—"5 ''''''' Transverse 0 -'-' Transverse + -‘-‘Transverse-__ Acceptance = Spln allgnment
o C:,, ~=w-Off-plane+ - --Off-plane - Envelope ] . .
K S " " isotropic case + envelope due to
< C ‘Izl--:""-u"s""-"'-"#ununuru ] . . .
e R different polarization states
1.0 ;
OB e e 1 Acceptance variations may reach ~(10-30)%
O'E‘?O 2I0 3IO 4‘0 5IO 6I0 7‘0 | I100
v(2S) p, [GeV]
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B.2 y(2s), %, production

ATLAS-CONF-2013-094
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JHEP, ATLAS—COII\IF—2013—095 § 10: ATLAS Preliminary Prompt \;t(ZS') data
10F  ATLASPen  Pompvesiaa 4 PrOMPL production: 5 10 B to-7Tov J LAz ! o= II<0.75 (107
10°k |s-7Tev.ILm-2.ﬂb" —e— |y|<0.75 (x10°) - £ 10 o eii 53502000 —=— 0.75< |yl<1.5 (x107)
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W + ] /1 production

1 2oV
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B.3 Y(1s,2s,3s) production

Phys. Rev. D 87 (2013) 052004
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B.4 B+ production

d*c(B* + X)
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C.1 Observation of the excited B.,"—B_* -
p
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Combined significance: 5.2 o

e M=(6442+4+5) MeV | 3 Lo
e Q=(288.3£3.5+4.1)MeV ¥ ™ 30 400 500 600 700

1 00 200
m(ch)~m(Bc)-2m(1:) [MeV] m(B_r)-m(B,)-2m(r) [MeV]
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C.2 Measurement of the BR(B*— y_+K™)
Combine (x. —JAp +y) and (B*— Jp K*) samples to obtain:

- ATLAS
3500; \s=7TeV
3000F ILdt =45
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0:....I....I....I....I
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arXiv:1407.1032

— J/p KT)

NB BT(X01_>J/¢7)

J/
Br (B* = xaK™*) =
(4.8 £ 0.8(stat.) £ 0.6(syst.))-10~*
T T 1 I T T 1 | T T 1 l T T T | I I 1 | T T I | 1 T I
ATLAS Preliminary ~ —* Data
s=7TeV — Stat. Uncertainty
p —— Syst. Uncertainty
J Ldt=4.510 —s— Other Experiments
— PDG 2012 (4.79 +0.23) x 10*
- (4.8 0.6 (stat.) £ 0.6 (syst.) ) x 10
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B(B*—x_K") [10*]

Good agreement with B-factories
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C.3 Parity violation from Ab—b_j/w AO Phys. Rev. D 89 (2014) 092009

1 . . .
w(cosf) = 7 (L+ap - P cos6) Violation not maximal = |a|<1
e s C } Four possible helicity amplitudes:
Z
-4 - Amplitude Ay AA . . .
W g 2, 0/“ 12 Decay angular distribution
—~—s a 0o -1/2 =a,,a,b,andb._

d = d b+ ‘1 '1/2 . - . ..
‘ 2 2 2 2
| b L 12 ey =lal* —la_f* + [bs]* - |b_]

2 2 2 2
= U lagl® + lac|® + byl + b-|” = 1.
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100f , .

501 b " -

¥ N

0~3300 “"5500 5600 5700 5800 5900
07/29/14 M) IMeV]
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A helicity frame

The full angular probability density function (PDF) of the
decay angles Q = (0. ¢.0,,¢,,0,,¢,) is [15,17,18]

W(Q A P (A3 Zflz(A f21(P (IA) ‘i(Q)- (3)

[
<1"> - data Z [:i (Qn)
" Production plane n=1 ([" >expecled o ([“ >
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e - ed
e = (F)exPeet Zfl;( )f2j(an)Cij
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S  [amas T T T expected 3 —1//p \expected _ /p .
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2001~ " 7 (F,) = —0.282 £+ 0.021, g ey TS AR
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N : X 50~ b 3
ook . b 1 (Fy) = —0.044 £ 0.017, X (57)=3.15
I . ] o ]
: (Fs) e :
) ;
5 s (Fiy) = —0.002 % 0.009. tof-
g 300:+\s=7TeV.ILdt=4.6fb;_ (5560, 5650 eV .| =0. 174012 %5 o o5 1
" Syl Co0 0.30 = 0.16(stat) % 0.06(syst
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E ] b+ — 079'7'0.()4’ . .
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9s
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C.4 Study of B,2K"(Kx) pru-

eb— s It |- transition
e loop-mediated in SM = BR= 1.1 10-°
e sensitive to BSM contribution

e lepton forward-backward asymmetry A,
e K" longitudinal polarisation fraction F, 3 angles (0, 8y, ¢) and g2

e @ symmetry, then integrate on ¢
alternative integration on 6, or 6y

ut
\?oi\x \ fit to angular distribution = (A, F)) in g°-intervals

“ ﬂ— 3 220 ATLASPreliminary '\'s'i'%Te'\'/"
S 200E 0,04 GeV2 < < 19.00 GeV? JLdt_4.9 b
¥ 180F
o 160: —e— Data
> 'R I . . o - Signal fit
e %< 2GeV? limited statistics 5 140 -~ Background fit
oVeto: 120;— _+_ — Total fit
00
'q2=_(m_2J/w’ m?,0s5) %30 80F-
e radiative J/y and y(2S) decays 60F ,
e K'0(Kn) mass range [846,946] MeV 4 /Tl
e maximum likelihood fit 20E L N\
= Nsig=466i34 and kag=113zi43 4300 sooo 5100 5200 5300 5400 5500 5600 5700
m(Krup) [MeV]
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e statistical uncertainty dominates = improve with &
e agreement with other experiments and SM predictions
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Conclusion

e High precision production measurements
- quarkonium (/y, Yy, %ej. Y ims»)
— open state (B*)

- LHC: new kinematical regions (e.g. high p;) = test predictions
of different QCD tools

o ATLAS —

— evidence for new states
— decay properties of heavy flavour
e Expect to exploit full run-I and future run-Il to probe new
interesting phenomena in heavy flavour production
- polarization
- double quarkonium
- associated production with W, Z etc...

- decays to test SM and look for BSM effects (e.g. rare or
suppressed decays)
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