
Angular analysis of Bd → K ∗µ+µ− decay with ATLAS

Ina Carli

Institute of Particle and Nuclear Physics
Charles University

19.4.2017

Ina Carli (Charles University) 19.4.2017 1 / 22



The ATLAS experiment

Inner Detector: tracking, vertexing and momentum measurement
I |η| <2.5, σ(d0) ∼ 10 µm

Muon Spectrometer: trigger |η| <2.4, muon identification |η| <2.7

Run1 dataset:
25 fb−1 at 7 and 8TeV
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ATLAS B-physics programme

Weak rare decays → CP violation, searches for new physics
I leptonic B0

(s) → µ+µ−

I semileptonic Bd → K∗µ+µ− , B0
s → φ µ+µ− , B+

u → K (∗)+µ+µ−

I with J/ψ: B0
s → J/ψ φ, Λb → J/ψ Λ

Production of beauty/charm hadrons and onia → QCD
I cross-section (J/ψ, ψ(2S), Υ(nS), χc)
I polarisation
I associated production (J/ψ W±)

B meson and baryon properties and spectroscopy
I mass and lifetime measurements
I search for new states
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Bd → K ∗µ+µ− decay in the Standard Model (SM)

Flavour changing neutral currents (FCNC)

b → sµ+µ−: box and pinguin diagrams
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Effective field theory: Heff = − GFα√
2π

VtbV
∗
ts

∑
i Ci (µs)O(µs)

O7 =
mb

e
sσµνPRbFµν , O′7 =

mb

e
sσµνPLbFµν ,

O9 = sγµPLb`γ
µ`, O′9 = sγµPRb`γ

µ`,

O10 = sγµPLb`γ
µγ5`, O10 = sγµPRb`γ

µγ5`,
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Bd → K ∗µ+µ− decay in SM

Final state Bd → K∗(Kπ) µ+µ−

3 helicity angles and dimuon invariant mass q2

self-tagging decay (B0or B0 if K+π− or K−π+)

φ

B0
d

µ+

µ−

K+

π−

θL θK

Measurements: usually as function of q2

traditional: AFB , FL, AI , RK (∗) = dΓ(K∗µµ)/dΓ(K∗ee), zero-crossing points

optimized: FL and Si , FL and P
(′)
i
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Bd → K ∗µ+µ− decay in SM

Example of new physics signatures:
New physics from flavour Sheldon Stone
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Figure 25: Data and theory comparison of the forward-backward asymmetry, AFB for B0 → K∗0µ+µ−

decay. The data are from LHCb, and the theory curves are from Bobeth et al. [57]. The SM prediction is
shown shaded with the band covering ±1 standard deviation uncertainty estimates. The non-SM curves are
labeled with Ci, the meaning of which will be discussed in the next section. Also shown is the data averaged
over all four experiments, where the horizontal axis is shifted somewhat with respect to the LHCb data.

4.3 Other rare b → s processes

Other processes dominated by the b → s transition can be combined with the previously dis-
cussed ones in a common analysis framework. The formalism developed starts with writing the
effective Hamiltonian as [59]

Heff =−4GF√
2

VtbV ∗
ts

e2

16π2 ∑
i
(CiOi +C′

iO
′
i)+h.c. , (4.1)

where the Ci and Oi represent SM coefficients and operators, and the C′
i and O′

i represent NP
coefficients and operators. The operators most sensitive to NP effects are

O7 =
mb

e
(s̄σµνPRb)Fµν , O8 =

gmb

e2 (s̄σµνT aPRb)Gµν a,

O9 = (s̄γµPLb)(ℓ̄γµℓ) , O10 = (s̄γµPLb)(ℓ̄γµγ5ℓ) ,

OS = mb(s̄PRb)(ℓ̄ℓ) , OP = mb(s̄PRb)(ℓ̄γ5ℓ) , (4.2)

where mb denotes the running b quark mass in the MS scheme, PL =(1−γ5)/2, and PR =(1+γ5)/2.
The NP operators O′ are found by switching PR for PL and vice-versa [60].

There are other rare b → s processes that contribute to the NP search. One important one is the
exclusive decay B0 → K∗0γ , K∗0 → Ksπ0. Time dependent CP violation for this process is given
by

Γ
(

B0
(t)→ K∗0γ

)
−Γ

(
B0(t)→ K∗0γ

)

Γ
(

B0
(t)→ K∗0γ

)
+Γ(B0(t)→ K∗0γ)

= SK∗γ sin(∆mdt)−CK∗γ cos(∆mdt) . (4.3)

19
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Bd → K ∗µ+µ− decay in SM

Differential decay rate (optimized):

1
dΓ/dq2

d4Γ

d cos θ`d cos θK dφdq2 =
9

32π

[
3(1− FL)

4
sin2 θK +

1− FL

4
sin2 θK cos 2θ`

+ FL cos2 θK − FL cos2 θK cos 2θ` + S3 sin2 θK sin2 θ` cos 2φ

+ S4 sin 2θK sin 2θ` cosφ+ S5 sin 2θK sin θ` cosφ+ S6 sin2 θK cos θ`

+ S7 sin 2θK sin θ` sinφ+ S8 sin 2θK sin 2θ` sinφ+ S9 sin2 θK sin2 θ` sin 2φ

]
.

P1 =
2S3

(1− FL)
, P2 =

2
3

AFB

(1− FL)
, P3 = − S9

(1− FL)
,

P ′4,5,6 =
S4,5,6√

FL(1− FL)
, P ′6 =

S7√
FL(1− FL)
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Bd → K ∗µ+µ− decay in SM
small number of events → folding of angular distributions

P
′
4,S4 :


φ→ −φ for φ < 0
φ→ π − φ for θl >

π
2

θl → π − θl for θl >
π
2

P
′
5,S5 :

{
φ→ −φ for φ < 0
θl → π − θl for θl >

π
2

P
′
6,S7 :


φ→ π − φ for φ > π

2

φ→ −π − φ for φ < −π2
θl → π − θl for θl >

π
2

P
′
8, S8 :


φ→ π − φ for φ > π

2

φ→ −π − φ for φ < −π2
θl → π − θl for θl >

π
2

θk → π − θk for θl >
π
2

1
dΓ/dq2

d4Γ

d cos θ`d cos θK dφdq2 =
9
8π

[
3(1− FL)

4
sin2 θK + FL cos2 θK

+
1− FL

4
sin2 θK cos 2θ` − FL cos2 θK cos 2θ`

+ S3 sin2 θK sin2 θ` cos 2φ+ S4 sin 2θK sin 2θ` cosφ

]
loss of sensitivity to S6, S8 a AFB
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Bd → K ∗µ+µ− experimental status

)2 (GeV2q

0 2 4 6 8 10

5
P

'

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

JC 1412.3183
BSZ 1503.05534
Ciuchini 1512.07157
DHMV 1510.04239

Theory SM predictions

Ina Carli (Charles University) 19.4.2017 9 / 22



ATLAS analysis of Bd → K ∗µ+µ−

ATLAS-CONF-2017-023Dataset:

20.3 fb−1, taken at
√
s = 8 TeV in 2012

Reconstruction and selection:

preselection: pT dráh, ID hits, min. 1 combined muon

baseline: |η| < 2.5, m(K∗) = [846, 946] MeV, m(B) = [5150, 5700] MeV
pT(µ) > 3.5 GeV, pT(π,K ) > 0.5 GeV

final cuts: στ/τ > 12.75, pointing cos θ > 0.999, χ2/ndf (B) < 2,
pT(K∗) > 3 GeV, |(m(B)−mPDG (B))− (m(µµ)−mPDG (J/ψ))| < 130 MeV

trigger - 15 most frequent triggers

control regions: J/ψ (q2= [8,11] GeV2), ψ(2S) (q2= [12,15] GeV2)

signal q2= [0.04,6] GeV2 except of φ region q2= [0.98,1.1] GeV2

if > 1 candidate/event: candidate with higher σm(K∗)/m(K∗)
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Monte Carlo datasets

Signal:

Process Generator Dataset Events
Bd → K∗µ+µ− EvtGen, flat 208445 50M
Bd → K∗µ+µ− EvtGen, SM 208446 5M
Bd → K∗µ+µ− EvtGen 208447 5M

Bd → K+π−µ+µ− EvtGen 208451 50M

Inclusive backgrounds:

Process Generator Dataset Events

bb → µ+µ−X Pythia 208301 20M
bb → µ+µ−X EvtGen 208303 1M

bb → µ+µ−X AA Pythia 208308 40M
bb → µ+µ−X AB Pythia 208309 48M
bb → µ+µ−X BA Pythia 208310 48M
bb → µ+µ−X BB Pythia 208311 130M
cc → µ+µ−X Pythia 208312 50M
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Monte Carlo datasets

Exclusive
backgrounds:

Process Generator Dataset Events
Bs → J/ψ φ Pythia 208400 5M
Λb → ΛJ/ψ Pythia 208404 5M
Λb → ΛJ/ψ Pythia 208405 5M
B → KsJ/ψ Pythia 208412 5M
B → Ksψ(2S) Pythia 208423 4M
Λb → Λψ(2S) Pythia 208424 1M
Λb → Λψ(2S) Pythia 208425 1M
B+ → J/ψK+ Pythia 208430 2.5M
B+ → J/ψπ+ Pythia 208432 1M
B− → J/ψK− Pythia 208436 2.5M

B+ → K∗+(K 0π+)µ+µ− EvtGen 208440 5M
Bs → φµ+µ− EvtGen 208441 5M
Bd → J/ψK∗ EvtGen 208448 5M
Bd → ψ(2S)K∗ EvtGen 208449 5M
B+ → K+µ+µ− EvtGen 208450 5M
Bs → J/ψK∗ EvtGen 208452 5M
Bd → K∗φ EvtGen 208455 5M

Λb → Λ(p+K−)µ+µ− EvtGen 208456 5M
Λb → p+K−µ+µ− EvtGen 208457 5M
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Background

Data q2= [4,6] GeV2
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Background: partially reconstructed decays B → D → X
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Fig: Example for M(Kππ), dáta vs. MC

D0 → Kπ: m (Kπ πK )

D± → Kππ: m (K π µπ), m (πK Kπ µπ), m (Kπ π µK )

D±s → KKπ: m (K πK µπ), m (K π µK ), m (Kπ πK µK )

D∗+s → KKπ: m (K πK µπ), m (K π µK ), m (Kπ πK µK )

B+ → K+µ+µ−, B+ → π+µ+µ−
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Background: partially reconstructed decays

Other hypotheses: checked but not found

B → J/ψK∗ (double-swap) - MC shows isotropic angular distributions

Bs → J/ψφ - only 1 event

B+ → K∗+µµ - MC shows similar angular distributions as signal

Λb → pKµµ and Λb → Λ∗(pK )µµ

D → Kπµν (bez ν) - covered by D vetoes

B → Λ±c → pKπ - covered by D vetoes

B → πµν, Bs → Kµν, Λb → pµν - only 1 µ in final state
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Background

Result:

D veto 30 MeV and B veto 50 MeV around mD/B

acceptance maps, e.g. q2= [0.04,6] GeV2
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Fitting

acceptance maps from MC sample generated with flat angular distributions

extract nuisance parameters from control regions - mB , σmB (Gauss),

fold distributions → 4 sets of fits

mass prefit - number of signal a bkg evens

angular fits

Fitted yields:

q2[(GeV2)] nsignal nbackground

[0.04, 2.0] 128± 22 122± 22
[2.0, 4.0] 106± 23 113± 23
[4.0, 6.0] 114± 24 204± 26
[0.04, 4.0] 236± 31 233± 32
[1.1, 6.0] 275± 35 363± 36
[0.04, 6.0] 342± 39 445± 40
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Fit results: S4, bin q2= [0.04,2] GeV2
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Fit results: S4, bin q2= [2,4] GeV2
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Fit results: S4, bin q2= [4,6] GeV2
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Results
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Results
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