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outline

outline

review of time-dependent results in Bs −→ DsK
LHCb γ combination (2011 data set): shown for the Vrst time

from B± −→ DK±

from B± −→ Dπ±

both

late breaking news: B± → DK± γ combination including 2012
data

summary
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time-dependent γ

time-dependent γ

time-dependent γ
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time-dependent γ

Bs −→ DsK basics

interference between mixing and decay:
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not colour-suppessed ⇒ large interference

weak phases γ, φm (mixing), strong phase δ

sensitive to γ + φm, but φm small eUect
e.g. in Bs −→ J/ψφ [LHCb-CONF-2012-002]

measure 4 decay rates:
ΓB0s−→D−

s K+(t), ΓB0s−→D+
s K−(t), ΓB0s−→D−

s K+(t), ΓB0s−→D+
s K−(t)

M. Schiller (Nikhef) LHCb γ results: TD & combination April 9th, 2013 4 / 39



time-dependent γ

Bs −→ DsK decay rate equations

work out decay of B0
s , B̄

0
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1use convention where ∆ms = mH −mL > 0 and ∆Γ = ΓL − ΓH > 0
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time-dependent γ

mass Vt

select DsK and Dsπ (control channel) with same selection (BDT)

optimise S/B for DsK (data-driven)

split sample according to LHCb magnet polarity, Ds Vnal state
(KKπ, Kππ, πππ)

→ simultaneous Vt in six categories

about 28k Dsπ and 1.4k DsK events in the LHCb 2011 sample
with excellent S/B
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time-dependent γ

time Vt: acceptance, resolution

time acceptance:

get a(t) for DsK and Dsπ in MC
Vt a(t) for Dsπ in data (assume τBs

known)
then apply DsK/Dsπ ratio from MC to get DsK acceptance in data

decay time resolution:

decay time of Bs is only known
to Vnite precision

−→ need to know decay time
resolution very well to measure
Cf, Sf, Sf̄ coeXcients!

take resolution model from MC
t [fs]∆
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LHCb preliminary

know by how much data and MC diUer: scale width of MC up by 1.15,
so about ∼ 50 fs in data
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time-dependent γ

time Vt: Wavour tagging
need to know Wavour at production: Bs or Bs?

tracks

other B

signal B

pp

b quarks are produced in pairs

can learn something from other B in the event: opposite side tagging

can “guess” initial Wavour ǫtag = 40% of DsK events
guess wrong in 〈η〉 = 39.2% of cases on average

use event-by-event mistag prediction to increase sensitivity
tagging calibration from B+

−→ J/ψK+, check using Bs −→ Dsπ

→ data sample as “powerful” as perfectly tagged sample of
ǫeU. = ǫtag(1− 2η)2 = 1.9% the size
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time-dependent γ

time Vt: results
here’s our preliminary result (2011 data, 1 fb−1)
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1LHCb Preliminary 1.0 fb

Cf = 1.01± 0.50± 0.23
Sf = −1.25± 0.56± 0.24
Sf̄ = 0.08± 0.68± 0.28
Df = −1.33± 0.60± 0.26
Df̄ = −0.81± 0.56± 0.26
LHCb-CONF-2012-029

1st measurement of time-dependent CP parameters in Bs → DsK
while that is reason enough to celebrate, there’s work ahead

by construction: Cf,Df, Sf,Df̄, Sf̄ ∈ [−1, 1]
uncertainties still too large to test this
do not extract γ just yet: correlations between systematics not
known yet. . .
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time-dependent γ

systematics, outlook

main sources of systematic uncertainty
Cf Sf Sf̄ Df Df̄

Toy corrected central value 1.01 -1.25 0.08 -1.33 -0.81
Statistical uncertainty 0.50 0.56 0.68 0.60 0.56
Systematic uncertainties (σstat)
Decay-time bias 0.03 0.05 0.05 0.00 0.00
Decay-time resolution 0.11 0.08 0.09 0.00 0.00
Tagging calibration 0.23 0.17 0.16 0.00 0.00
Backgrounds 0.15 0.07 0.07 0.07 0.07
Fixed parameters 0.15 0.22 0.20 0.40 0.42
Asymmetries 0.12 0.01 0.04 0.00 0.02
Momentum/length scale 0.00 0.00 0.00 0.00 0.00
k-factors 0.27 0.27 0.27 0.08 0.08
Bias correction 0.03 0.03 0.03 0.03 0.03
Total systematic (σstat) 0.46 0.50 0.35 0.43 0.46

outlook: improve for the paper:
better tagging: include same side kaon tagging
better treatment of acceptance (drives systematics on Df, Df̄)
k-factors: backgrounds need special treatment of decay time due
to misid/partial reconstruction (technically diXcult)
per-event decay time error
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γ combination

γ combination

γ combination
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γ combination

γ combination: approach
use various (Vt) parameters αi:

B± → Dh± CP-violating weak phase γ

Γ(B− → D0K−)/Γ(B− → D0π−) Rcab

B± → Dπ± A(B− → D0π−)/A(B− → D0π−) = rπB e
i(δπB −γ)

rπB , δ
π
B

B± → DK± A(B− → D0K−)/A(B− → D0K−) = rBe
i(δB−γ) rB , δB

D → K±π∓ A(D0 → π−K+)/A(D0 → K−π+) = rKπe
−iδKπ rKπ , −δKπ

D → K±π∓π+π− amplitude ratio and eUective strong phase diU. rK3π , −δK3π
coherence factor κK3π

direct CP in D → K+K− AD→KK
CP

asymmetries in D → π+π− AD→ππ
CP

Other D system D mixing xD , yD
parameters Cabibbo-favoured rates Γ(D → Kπ)

Γ(D → Kπππ)

frequentist approach:
express various observables ~Ai in terms of Vt parameters
use a χ2-derived likelihood contribution fi for the various
measurements

fi ∝ exp
(

−χ2
)

∝ exp
(

−(~Ai(~αi)− ~Ai,obs)
T V−1

i (~Ai(~αi)− ~Ai,obs)
)

then combine:
L(~α) =

∏

i

fi(~A
obs
i |~Ai(~αi))
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γ combination

inputs

LHCb GGSZ model-independent measurement B± → DK± with

D −→ K0
Sh

+h− (1 fb−1) [arXiv:1209.5869]

strong phase of D decay over Dalitz plane taken from CLEO
[arXiv:0903.1681]

inputs: x±, y±
GLW/ADS modes B± → Dh± with D −→ h+h− (1 fb−1)
[Phys. Lett. B712 (2012) 203] [arXiv:1203.3662]

inputs: RKπ
K/π , R

KK
K/π , R

ππ
K/π , A

Kπ
π , AKπ

K , AKK
K , Aππ

K , AKK
π , Aππ

π , R−
K , R

+
K ,

R−
π , R

+
π

ADS modes B± → Dh± with D −→ K±π∓π+π− (1 fb−1)
[LHCb-CONF-2012-030]

strong phase variation over D phase space absorbed in coherence
factor κK3π
inputs: RK3π

K/π , A
K3π
π , AK3π

K , RK3π
K− , RK3π

K+ , RK3π
π− , RK3π

π+

for details on (most of) those measurements, see previous talk by
Susan Haines
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γ combination

plug-in method

evaluating conVdence level for a
parameter (e.g. γ), we use
χ2(~α) = −2 logL(~α)

call best Vt point ~αmin, χ2min = χ2(~αmin)
]° [γ
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[LHCb-PAPER-2013-020, in prep.]

call best Vt point ~α′

min(γ0) with γ Vxed to γ = γ0

get proVle LH L̂(γ0) = exp(−χ2(~α′
min)/2)

for each value of γ0, get p-value (1-CL) with a MC procedure:
1 calculate test statistic ∆χ2 = χ2(~α′

min)− χ2(~αmin) ≥ 0 for data

2 generate a set of toys ~Atoy with parameters set to ~α′
min

3 for each toy, calculate ∆χ2′ as in step 1
4 1− CL = N(∆χ2 < ∆χ2′)/Ntoy
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γ combination

systematic uncertainties

plots and conVdence limits above need to be corrected for
undercoverage

plug-in method does not guarantee coverage
evaluate actual coverage using toys: determine conf. intervals in
toys, count how often the true value is inside

α 1σ (η = 0.6827) 2σ (η = 0.9545) 3σ (η = 0.9973)

DK± only 0.6646 ± 0.0067 0.9453 ± 0.0032 0.9911 ± 0.0013
Dπ± only 0.6532 ± 0.0048 0.9492 ± 0.0022 0.9912 ± 0.0009
DK± & Dπ± 0.6616 ± 0.0067 0.9586 ± 0.0028 0.9958 ± 0.0009

scale up conf. intervals in data by η/α

correlations in systematic uncertainties for 2/4-body GLW/ADS
modes

plots below assume zero correlations
need to correct by running toys with random correlation matrices
B±

→ DK± unaUected, B±
→ Dπ± largely aUected

full combination needs conVdence intervals scaled by a factor 1.07
(1.04 for second best intervals)
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γ combination

next: slideshow of plots. . .

all angles mod 180◦

use plugin method throughout to determine conVdence intervals

Vnal conVdence intervals need to be corrected for
undercoverage, correlations (see previous slide)
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γ combination B± → DK± combination

γ combination: B± → DK± combination

γ combination:
B± → DK± combination
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γ combination B± → DK± combination

B± → DK± results: rB, δB, γ
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best Vt 68% CL 95% CL
δB 113◦ [96, 127]◦ [80, 138]◦

rB 0.0922 [0.0842, 0.1008] [0.075, 0.109]
γ 70.5◦ [55.7, 85.6]◦ [42.9, 98.4]◦
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γ combination B± → DK± combination

B± → DK±: contours
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γ combination B± → Dπ± combination

γ combination: B± → Dπ± combination

γ combination:
B± → Dπ± combination
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γ combination B± → Dπ± combination

B± → Dπ± results: rπB, δ
π
B, γ
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best Vt 68% CL 95% CL
δπB 140◦ [35, 65]◦ , [111, 154]◦ [1, 165]◦

rπB 0.0173 [0.0086, 0.0.054] [0.001, 0.0.071]

[13.0, 36.6]◦

γ 97◦ [85, 125]◦ [0.9, 180.0]◦

[167.4, 175.9]◦

M. Schiller (Nikhef) LHCb γ results: TD & combination April 9th, 2013 21 / 39

https://cds.cern.ch/record/1529955?ln=en
https://cds.cern.ch/record/1529955?ln=en


γ combination B± → DK± and B± → Dπ± combination

γ combination: B± → DK± & B± → Dπ± combination

γ combination:
B± → DK± and B± → Dπ±

combination
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γ combination B± → DK± and B± → Dπ± combination

B± → DK± & B± → Dπ± results: δB, rB, rπB, δ
π
B
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γ combination B± → DK± and B± → Dπ± combination

B± → DK± & B± → Dπ± results: γ

]° [γ
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γ 86.0◦

68% CL [50.6, 72.1]◦ [80.0, 94.0]◦

95% CL [38, 103]◦

δB 122◦

68% CL [97, 133]◦

95% CL [80, 143]◦

rB 0.0972
68% CL [0.0847, 0.1059]
95% CL [0.075, 0.113]
δπB 148◦

68% CL [8, 48]◦ [131, 159]◦

95% CL [1, 180]◦

rπB 0.0226
68% CL [0.0066, 0.0123] [0.0125, 0.0302]
95% CL [0.0003, 0.0365]
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γ combination B± → DK± and B± → Dπ± combination

B± → DK± +B± → Dπ±: contours
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γ combination B± → DK± and B± → Dπ± combination

Vnal results including corrections (1 fb−1 result)

B± → DK± only

γ ∈ [55.3, 86.0]◦ @ 68% CL ,

γ ∈ [42.6, 98.7]◦ @ 95% CL ,

B± → Dπ± only

γ ∈ [80.1, 136.5]◦ or [10.0, 43.3]◦ or [165.2, 177.2]◦ @ 68% CL ,

full combination

γ ∈ [49.6, 73.4]◦ or [79.6, 94.6]◦ @ 68% CL ,

γ ∈ [36.5, 106.0]◦ @ 95% CL .
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γ combination B± → DK± combination (incl. 2012 data)

γ combination: B± → DK± incl. 2012 data

γ combination:
B± → DK± combination

including 2012 data
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γ combination B± → DK± combination (incl. 2012 data)

inputs

LHCb GGSZ model-independent measurement B± → DK± with

D −→ K0
Sh

+h− (1 fb−1, 2011) [arXiv:1209.5869]

strong phase of D decay over Dalitz plane taken from CLEO
[arXiv:0903.1681]

inputs: x±, y±

LHCb GGSZ model-independent measurement B± → DK± with

D −→ K0
Sh

+h− (2 fb−1, 2012) [LHCb-CONF-2013-004]

GLW/ADS modes B± → DK± with D −→ h+h− (1 fb−1, 2011)
[Phys. Lett. B712 (2012) 203] [arXiv:1203.3662]

inputs: AKπ
K , AKK

K , Aππ
K , R−

K , R
+
K

ADS modes B± → DK± with D −→ K±π∓π+π− (1 fb−1, 2011)
[LHCb-CONF-2012-030]

strong phase variation over D phase space absorbed in coherence
factor κK3π
inputs: AK3π

K , RK3π
K− , RK3π

K+
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γ combination B± → DK± combination (incl. 2012 data)

B± → DK± results: rB, δB, γ
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best Vt 68% CL 95% CL
δB 114.3◦ [101.7, 126.6]◦ [89.1, 136.5]◦

rB 0.0924 [0.0847, 0.1004] [0.0766, 0.1077]
γ 67.2◦ [55.7, 79.6]◦ [44.6, 90.0]◦

2011 B± → DK±

combination

2011+2012 B± → DK±

combination
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γ combination B± → DK± combination (incl. 2012 data)

B± → DK±: contours
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summary and outlook

summary and outlook

LHCb-only γ combination paper to be released soon!

current best LHCb γ combination: [LHCb-CONF-2013-006, in prep., prelim.]

B± → DK± in 2011 ADS/GLW/GGSZ + 2012 GGSZ
γ = (67.2± 12.0)◦

γ ∈ [55.7, 79.6]◦ @ 68% CL
γ ∈ [44.6, 90.0]◦ @ 95% CL

LHCb fulVls its promise of excellent sentitivity to γ
compare to (see e.g. yesterday’s talk by Concetta Cartaro):

BaBar: (69+17−16)
◦

[arXiv:1301.1029]

Belle: (68+15−14)
◦

[arXiv:1301.2033]

time-dependent measurements also interesting for γ
measurements

stay tuned for the paper of the Bs −→ DsK analysis and new
results
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global CKM Vts

γ

γ

α
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dm∆
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winter13

SM fit

[CKMFitter, ICHEP ’12] [UTVt, Moriond ’13]

CKMFitter: γ = (67.7+4.1
−4.3)

◦, γ = (66± 12)◦ tree-level Vt
UTFit: γ = (69.2± 3.2)◦, γ = (71.1± 7.5)◦ tree-level Vt
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ADS/GLW B± → Dh±, D −→ hh: stat. correlations

AKKK AKKπ Aππ
K Aππ

π AKπK AKππ Rππ
K/π RKKK/π RKπK/π R−

K
R−π R+

K
R+π

AKKK 1 -0.029 0 0 0 0 -0.002 -0.034 -0.010 -0.001 0 0 0

AKKπ 1 0 0 0 0 0 -0.003 0 0 0 0 0
Aππ
K 1 -0.032 0 0 -0.032 -0.002 -0.004 -0.001 0 0 0

Aππ
π 1 0 0 -0.004 0 0 0 0 0 0

AKπK 1 -0.045 0 0 0.003 0.004 0 -0.004 -0.001

AKππ 1 0 0 -0.001 0.004 0.002 -0.004 -0.002
Rππ
K/π 1 0.013 0.029 0.003 0.003 0.001 0.003

RKKK/π 1 0.053 0.005 0.005 0.002 0.004

RKπK/π 1 -0.038 0.016 -0.093 0.014

R−
K

1 -0.023 0.012 0.006

R−π 1 0.005 0.008
R+
K

1 -0.036

R+π 1
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ADS/GLW B± → Dh±, D −→ K3π: stat. correlations

RK3πK/π AK3πK AK3ππ RK3πK− RK3πK+ RK3ππ− RK3ππ+

RK3πK/π 1 0.003 0.001 -0.060 -0.024 0.017 0.021

AK3πK 1 -0.035 -0.007 0.006 -0.002 0.002

AK3ππ 1 -0.006 0.008 -0.002 0.005

RK3πK− 1 0.043 0.006 0.029

RK3πK+ 1 0.022 0.025

RK3ππ− 1 0.032

RK3ππ+ 1
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results from old CONF-2012-032 (1/3)

old preliminary result from CKM 2012 had:
B± → DK± only: γ = (71.1+16.6−15.7)

◦

B± → DK± & B± → Dπ±: best Vt γ = 85.1◦,
γ ∈ ([61.8, 67.8] or [77.9, 92.4])◦ @ 68% CL

main changes since then:
treatment of ∆adirCP changed: now constrain AD→KK

CP , AD→ππ
CP

individually to their HFAG values (CONF only constrained ∆adirCP)
include LHCb charm mixing result
include eUect of possible systematic correlations
a lot of additional cross-checks
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results from old CONF-2012-032 (2/3)

B± → DK± combination:
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B± → Dπ± combination:
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results from old CONF-2012-032 (3/3)

B± → DK± & B± → Dπ± combination:
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