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Why always y?

The least well measured angle of the unitarity triangle
CKM fitter FPCP 2013: (68.0 * 820

*
UT fit Post EPS 2013: (70.1 + 7.1)° v = arg | — Vud ub
Key goal of LHCDb is to improve this situation VeaV

1R 2 o s s s e e LAY L B B
L % i
excluded ai CL>095 . \Z\

A probe for new physics?

Tree processes theoretically very clean
Loop processes may see deviations

Focus so far has been on B*—DK* decays
Interference of b—c and b—u transitions
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B*—DK* decays

The flagship y channel at LHCb Y = arg (_ VudVJb>

g
£l

Colour favoured Colour suppressed

The angle y is the weak phase between b—c and b—u transitions
Interference occurs when D and D° decay to the same final state
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Methods to measure y

- GLW DK" 2rg sin 0p sin 7y
/ \ AC'P—I— — =
i ) CP+
DK" Phys. Lett. B 253 (1991) 483, Phys. Lett. B 265 (1991) 172
- ADS
- i0p 2rgrpsin(dg + dp) sin
rpe K BID B D Y
/DK \D AADS = R
ADS
B () (K+7T_)DK_ REDS = rp+rp+2rgrpcos(dp + 8p) cosy
rpe \"B
\ DK / Phys. Rev. Lett. 78 (1997) 3257, Phys. Rev. D 63 (2001) 036005
- GGSZ
_ Xy = rgcos(dp +
- 3 body self conjugate decays i _ ( V)
y+ = rgsin(dg + )
- Eg: D—oKgmmr

Phys. Rev. D 68 (2003) 054018
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Bt—D(K<KT)ht

Phys. Lett. B 733C (2014) 36

Recent result from B—DK studies
ADS-like analysis using a singly Cabibbo-supressed decay
Split the decay modes by the charge of the charged K, and B mesons
Same sign (SS) and opposite sign (OS)

Take input from CLEO measurements

Coherence factor (k) and the average strong phase difference ()
Both measured over the full Dalitz plot and a K*(892)* region.

Full 3fb-1 2011+2012 data sample used
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Same sign B*—D(KsKTm)h*
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Opposite sign B*—D(KsKTm)h*

Phys. Lett. B 733C (2014) 36
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Bt—D(K<KT)ht

Phys. Lett. B 733C (2014) 36

- 7 observables calculated from the 8 yields
- 3 yield ratios and 4 asymmetries

Observable Whole Dalitz plot K*(892)% region

Rss/o0s 1528 £ 0.058 £0.025  2.57 £0.13 = 0.06

Rox/pr.ss  0.092+0.009+0.004  0.084 £ 0.011 = 0.003

Rox/pr.os  0.066 £ 0.009 £ 0.002  0.056 = 0.013 = 0.002 ,

Ass. px 0.040 £ 0.091 £ 0.018  0.026 = 0.109 % 0.029 7 . T
Aos, pi 0.233 £ 0.129 £ 0.024  0.336 = 0.208 = 0.026 . y
Ass pr —0.025+0.024 +0.010 —0.012 % 0.028 = 0.010 Full Dalitz plot
Aos.pr —0.052£0.020 £ 0.017 —0.054 +0.043£0.017 =,

- Higher sensitivity in the K* region
- As expected from larger coherence factor
- Good future prospects

0 50 100 150
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*—D(KgTrT)h*

LHCb-PAPER-2014-017

- Model dependent GGSZ amplitude analysis
- Use Babar model for the fit to the D decay
- 1fb-" data sample

- Fit B mass to extract signal and backgrounds yields
- Define signal region as £ 50MeV/c?
- Downstream and Long refer to track types used to make the Kq
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Dalitz plot fit

K*(892) dominates
Split B+ and B-
Backgrounds
Efficiency

*—D(KgTrT)h*

Cartesian parameters
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B*—D(KsTr)N*

- Convert the Cartesian parameters

v = (84733)°

Preliminary

- Includes all uncertainties

- Choose solution < 180Q°
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- Aim to measure the mass and lifetime of =,

- Lifetime expected to be equal to that of A, (Leading order HQE)

- Large sample of ~3800 decays available from 3fb-1 data set
- N\,—/\.1 provides the ideal control channel, kinematics are ~identical

- Decays of A, and = to the same final state of pKm
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arXiv:1405.7223

Float the mass difference in the fit to data
M(Z)) — M(A)) = 172.44 4 0.39 (stat) £ 0.17 (syst) MeV/c?
M(Z}) = 5791.80 4 0.39 (stat) 4 0.17 (syst) & 0.26 (A7) MeV/c?

Measure lifetime from yield ratio as a function of decay time
Fit with the function ¢St where ﬂ — 1/7/12 - 1/75;3

Efficiency corrected
—~ 0.03
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arXiv:1405.7223

- World first lifetime measurement

T =0
~b — 1.006 + 0.018 (stat) 4= 0.010 (syst)
TAg

r=o = 1477 % 0.026 (stat) = 0.014 (syst) % 0.013 (A7) ps
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- Two world best mass measurements
M(Z})) = 5791.80 + 0.39 (stat) 4 0.17 (syst) & 0.26 (A)) MeV/c?
M(ZF) = 2467.97 + 0.14 (stat) 4 0.10 (syst) & 0.14 (AFT) MeV/(?
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Summary

Latest updates from B*—DK?* y studies
Using a new D decay mode, D—KgKm
First model dependent GGSZ results

Much more still to come on y
Update all 1fb-! analyses to the full 3fb-! data sample
Other B decays e.g. B®—DKi1r and B’ —DK*, B.—D.K and B*—DK*mrr

Progress on b-Baryon decays
Precise lifetime and mass measurements of the =,

Stay tuned for all of our new results in this sector
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Back ups
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Detector
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Luminosity
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Methods to measure y

o GLW Ac7:>+ = 2rg sin 53 sinq/
- CP eigenstate D decays Rep+
. Eg- D—oKK. D—TITT Repy = 1+ ré + 2rg cos 05 cos 7y

Phys. Lett. B 253 (1991) 483, Phys. Lett. B 265 (1991) 172

-+ ADS AK _ 2rrp sin(0g + dp) sin~y
- Quasi flavour specific decays ADS Raps
K
- Eg: D—Km, DK Raps = rs + rp + 2rerp cos(ds + 8p) cos

Phys. Rev. Lett. 78 (1997) 3257, Phys. Rev. D 63 (2001) 036005

- GGSZ
- 5
. 3body self conjugate decays <+~ "2 (%8 +7)
Y+ = IB sm(55 -+ ’y)
- Eg: D—Kgrrmr

Phys. Rev. D 68 (2003) 054018
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1fb-! y combination

Combination includes the following results et e
2 body GLW/ADS (D—KK, KTT, TTTT)  Phys. Lett. B 712 (2012) 203
4 body ADS (D—>K1T1T1T) Phys. Lett. B 723 (2013) 44
GGSZ (D—Kg1rmr, KgKK)  Phys. Lett. B 718 (2012) 43

. Phys. Rev. D 80 (2009) 031105
Information on the strong phase from CLEO e Rev b 50 (3009) 032000

Additionally: - f
DY mixing, CPV in charm decays 107 ¢
v = (72.01150)° at 68% CL .
B—D1r decays also used :
v = (72.6__?'51.9)0 at 68% CL 10550 40 60 80 100 120 140 160 180

vy [°]
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1fb-1 y combination + 2fb-? GGSZ

LHCb-CONF-2013-006

. Update to mclude 2012 GGSZ result LHeb-conr-2013-004

gen 0.16p7 A e 452016
0.14f 0.14 |- II;ECB =
0.12F 0_12; I
0.1¢ 015 -
0.08f 008 - .
0.06f 0.06; -
C C t __i3fb'B-DKGGSZ 1
0'045 Z ; 0'04? (] 1" B>DK GLW/ADS ]
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_ = 9559 E
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107 £ E
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2 body GLW
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2 body ADS

S 400 —
RS
E 200 LHCb LHCb |
w .
> 200 otk i it .
z ] B—[Kn'] K B —[K'm] K" ]
A 100 i
. . . _
4000 LHCb LHCb |
2000/ B—IKn,m B —[K'n], x|
0 5200 5400 5600 5200 5400 5600
m(Dh*) MeV/c?)
RS
E LHCb _| LHCb  _|
w
P okt . | " - . —
z B—[nK*] K i]'il!' | | B*—[x'K] K
: TR L R T I
\ |
WL e, A LALOR 4
LHCb |
B+—>[n*K']DJ'c+ -
19 4-
5600
m(Dh*) MeV/c?)

5/6/2014 Mark Whitehead — LHCP 2014, NYC




5/6/2014

Events / ( 10 MeV/c?)

Events / ( 10 MeV/c?)

400

300

200

4000

4 body ADS

LHCb

B —[K n'n'n] K -

LHCb

B —[K _n"n*n’]Dn'

LHCb

B*—=[K'nn'n] K *

n
1 ' 1

LHCb

B*—[K*'nntn] .

5400

5600 5800 5200 5400

5600 5800
m(Dh*) [MeV/c?]

LHCb _|

B —[nK +TL+J'E_]DK -

7T

LHCb  _|

B*—[n*K ] K +

gy gl 50

5600 5800 5400

BT Sy sy y— {4 Tl 444

LHCb

Bf—[n'K ']t _

b

5600 5800
m(Dh*) [MeV/c?]

Mark Whitehead — LHCP 2014, NYC



ol i i . T i i i
<o £ _ 0+ ~ * j
S “ B (Kgta™), K* (a) ]
[} Long K -
E —— Sum, incld. combinatorics ]
: NV S — Signal ]
4 77777 Mis-ID ]
E 40 1 NN Partially reconstructed 7
m ]
20 [ -
0 4%/ TR T b 1 B O
5200 5400 5600 5800
m[(K‘;nw‘)D K*] (MeV/c?)
. — T
) 200 B* = (K'mn) K* ]
= (K'w*a) K (© ]
é) Downstream K3 ]
ln 150 =——— Sum, incld. combinatorics ]
i S & R Signal 1
~
& 100 | 77777 Mis-ID .-
E H AN Partially reconstructed ]
i3 ' 1
50 —
SN ke, ]
ob NN/ 7 i i =
5200 5400 5600 5800
m[(K‘;nm‘)D K*] (MeV/c?)
F T T
(\é - * 0+ = * 4
S [ LHCb B* — (KXK*K7) K* (a)
é’ i ALK |
- 40 ——— Sum, incld. combinatorics |
: : .......... Signal :
g 20 & AN Partially reconstructed
83

5/6/2014

) 5400 ]
m[(K(S’KV(‘ ), K1 (MeV/c?)

5800

Entries / 15 MeV/c? Entries / 15 MeV/c?

Entries / 15 MeV/c?

1fb-1 MI GGSZ

5800

—————— .
B* —>(K0n*fr') x* (b) T
1000 oS b -
Long Kg |
——— Sum, incld. combinatorics -
.......... S]gnal :
500 §§§§§§§§; Partially reconstructed T
O S N I d
5200 5400 5600
m[(K‘S’mz‘)D %] (MeV/c?)
T T T —1
B* —>(K2n+n')D 7% (d) ]
2000 Downstream K (s) ]
——— Sum, incld. combinatorics ]
1500 —
- Signal ]
1000 N\ Partially reconstructed
500 .
il I 4 1
5400 5600 5800
m[(KZ;fn‘)D 7*] (MeV/c?)
LI SR
B* —>(KSK*K ), @ (b) ]
All K 1
400 Sum, incld. combinatorics ]
.......... Slgna] 4
200 §§§§§§§§f Partially reconstructed

54;)0 56100 5800
m[(K‘;rK‘ ), @1 (MeV/c?)

m2 (GeV?/c%)

m? (GeV?/c#)

(©)

1 12 14 1.6 1.8

m? (GeV?/c#)

Mark Whitehead — LHCP 2014, NYC

m?2 (GeV?%/c*)

m? (GeV*/¢%)

._
e
T

(d)

1 12 14

1.6 1.8
m? (GeV?*/¢%)




Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)

m2 [GeV¥ 4]

LHCb preliminary
fLdr=201b" A
— DK*
=== D=
....... Combinatorial _|

===+ Low mass

5400 5600 5800
m(DK*) [MeV/c?]

300

200

100}%

LHCb preliminary |
fLdr=201fb"

= DK*
=== Dm*
------- Combinatorial

===+ Low mass

5500 5400 5600 3800
m(DK*) [MeV/c?]

1500

1000

500

Candidates / (10 MeV/c?)

4000

3000

2000

<1000

Candidates / (10 MeV/c?)

0

2fb-1 Ml GGSZ

LHCb preliminary
fLdr=201fb" -

=== Dy* b
------- Combinatorial

===+ Low mass

5200 5400 3600 5800
m(Ds) [MeV/c?]

LHCb preliminary |
fLdr=201fb"

=== Dm*

------- Combinatorial ]
\ ===+ Low mass i
5200 5400 5600 5800
m(Dm*) [MeV/c?]

L A B AL | = — T T T T T T T T T

— - D — -

3 L LHCb preliminary | 3~ 3 L LHCb preliminary |
- fLdr=20f"{ 2 [Ldt=20fb"
- 4 9, 4
2 | NE+ 2 |
1 b 1 b

I I I I I I

m? [GeV?/ ¢4

5/6/2014

m2 [GeV 4]

Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)

m2 [GeV?/c4]

LHCb preliminary |

300

20

fLdt=20 bl
= DK*

=== D=
okl . o Combinatorial _]

===+ Low mass

|

m(DK*) [MeV/c?]

LHCb preliminary |
fLdr=20fb" |

= DK*

40

—— Drt*

------- Combinatorial
20 |

5200 5400 5600 5800
m(DK*) [MeV/c?]

LI B B I I
LHCb preliminary
fLdr=20 b 4

L L L PR
1 12 14 1.6 1.8
m2 [GeV?/ ¢4]

Mark Whitehead — LHCP 2014, NYC

200

100

Candidates / (10 MeV/c?)

600

400

200

Candidates / (10 MeV/c?)

5200

LHCb preliminary |

Ldr=20fb"
S

=== Dn*

------- Combinatorial

===+ Low mass

5400 3600 5800
m(Dr*) [MeV/c?]

LHCb preliminary |
fLdr=201b"

= Dr*
------- Combinatorial

===+ Low mass

\

5200

5400 5600 5800
m(Dr*) [MeV/e?]

m?2 [Ger/ 4]

._.
~
—

—
=)}
T

—
§5)
T

L B I B
LHCb preliminary

det=2.0fb" 1
L) 1

PR PR P
14 1.6 1.8
m2 [GeV%/ 4]




1fb-1 MD GGSZ

RS} b mm B*— Drt* _E
s 1400 - (b) mm Cross-feed from 3
< 1200 = LHCb B*— DK* -
o 0 : Partially- 3 - "8 =
= 1000 Downstream Kg reconstructed = — 3Mf@1 ImI: 3
< 200 background = Y L » E
8 — Sum, including 3 PR E . O 60 E
S 600 combinatoric — @2'5: B S 50 E
2 background 3 o I\ S E
§ 400 = g 2 ] S 40 :
= 200 = i ] g 30 3
mmmmm = 1.5 . 2 2 3
5400 5600 ; ] 2 10 E
S my [MeV/c?] If ] S o P
Oi!‘““j ...... i I‘{““'“I“"st*“x'l“;h"l"';'"I"r'fl'“r“l'ﬂ‘“' ....... T ; 1 1 2 [GeVz/c“]
..... i '....}.i!..+4.+1t4'.!“4.4.4.4.4 4.....*.'...T.'..'.414.L.!MWN.;,1‘.,.’.!.’.;.’.{1.L.".4.4.ﬂ.‘*‘.t.“‘............;‘w 0.5 : - s
5" R R e - -
R PTARR) ;
Prellmmary e Ui ttietin
~ 2T - ~ T -
=N = RRE = E &= 20 E
L 700 =B D’ 3 s 3 % jg LHOb ;
% = mm Cross-feed from = &} - O 16 -
= 600 = B*— %K: - 8 E 2 4 3
S =  Partially- 3 : = S 12F g
z 500 £ reconstructed = S E S 10E
~ 400 E background = P 3 2 8
3 = — Sum, including 3 5 3 5 6
5 300F combinatoric 3 s ERE- A l
2= = background 3 g E g o % % % % %
2 200 = 3 ;S 2 T Mierginl
@) =
100 E 03 ! my 1Ge Ve
: E 5¢ .
04560 5400 5600 5 bt b i
mg [MeV/c?] R AT RN L i el
SEr— - — —— — -5t .
- ', P T s".‘““rr*nrnh“rs' ;..;“3
0
—',‘,",t,.t.‘.’.i.'.i....' ..... U Lj,L.J.t.,‘.f..mf....t.t.4.t!l!,JN.!,4',+..§.',H+H.li.'..9.'4.4'.4.!,4,* .............. FMARIL.
_5—I L L L L

5/6/2014 Mark Whitehead — LHCP 2014, NYC




77,,,77,,,,,,,,,,,,,,,,,,, A.s.“ \,, A_».H
o > B
L 2m+ I~ w].nl.%

I o™

|
[ =)

[ N e R 5
o 20 Qo o 9o <O

1/ I IO A O
(=3 (=} (=3 (=3 (=} (=)

by

S 2 & £ 3 a8 S ® & F Q
/zA9D 9T0'0 ) / sarepipue) (,9/;A9D 810°0 ) / srepIpuE)

INa-

| | :,i:7:;,:7:;:;:;:;:, 4_4H ,W“m, TT
. O m e
.IIC ol
an) E
I
= O
N
N Q | . ~
)] X | <
al ] : ~
A _v L ¥ i = ~
o 1 _ o
g : N
?f, 5 :ML::_&,J.::F.::-,D, #Y? P
N — o [
[,9/,ASD] 7w Lol ) O
A EgsnEzesac "o T
(,9/;AD 9T0'0 ) / SdIEPIPUED) —
M i:i:7:;:;:;,:7:;: AVH, ;u.&; TT i,;:;:,, A_ﬂ“, ,T,’ TTTT —
3 3£ ©
9, 16-9 | =t )
3 - 1l
1 | m. bt b o e
C
| : S 1 Q
O -t |- <
(- B A W
1 &L ] ot . k
~ - F = 12 w
S I o
£ 3 T
(U = A =
,,j:j,;:;:;,: I il :T‘;: 77,,77,,77,,77,, L1 11 ) :01::
ﬂ_mmmmmmmos “g§ 888888 "W
ﬂ\uﬁw 9200) / SdvepIpuE) (,9/:A®D 810°0 ) / SAIEPIPURD)
o
m 7,:,7,,,, TTTT TTTT TTTT TTTT M, :‘;L;:
] I ———— —_ X
I.ub , ! ,\‘3“& S a M -
Q¢ 0 E :
an) 3 — g | &
| G 1 = . .,
r b o
alk; 1 E T 2
-l 4
L — e 4
[ ] L 4= - e
L | %
R | | | [ Q
3,,:5::2::5::1::5, 2
Q) — [« S~~~
_HQQ\N\/@OHN:E 7:,;,:;::j:;::j:- L1l ot | 6
S 8 8 8 8 8 ° nwew ==
S v F &H QO = 5
(,9/;A®D 920°0 ) / SayepIpue)




