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The y angle
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® The angle y can be measured when the b—u and b—c type decays interfere to
exhibit CP violation
® vy can be measured in CPV tree decays with tiny theory uncertainties [jHEP01051]
e NoV_term — the only angle that that be measured without penguin pollution
(indirect measurements contain loops)
® B—D®K" decays satisfy those criteria and some potentially give large CP violation
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Beolle _(73 2+6.3) o 2(66 85+0'94) o Standard Candle [PRD 92(3) 033002]
— Y=/0.2_5 Y +09_344) " LHCb has to measure it

rLHCD LHCb (direct) (indirect) at degree-level precision AL
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The methods to measure y

b — ucs s . .
B A
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® The typical CP violation observables A(B"»D°K") ity
which are measured are A(B»D°K") °
® Charge asymmetries ® The hadronic parameters
_T(B »f,K )-T'(B*»>f,K") (measured) are
T(B »f,K )+ (B »f,K") o Amplitude ratior,
® Partial width ratios e Strong phase difference 6,
_ T(B K )+T(B"3f,K7) ® Many methods using different
[(B »f',K )+I'(B">f",K") D decays (D decay parameters
e needed) 2L

m F. Machefert (LHCb) CKM 2016 - Mumbay - Thursday 1st December 435 iiporalorer

llllllll



GLW versus ADS methods

GLW: CP eigenstates ADS: large interference
Gronau, London, Wyler (=large asymmetries)
[PLB 352 (1991), 483] [PRL 78 (1997) 3257]

[PLB 265 (1991) 172]
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B~ K+7TK K~ B~ (KTr ) K
\ 0 T eiéD
\DOK /TD—I, dp=0 D K- exl’zernal
measurements

Favoured and suppressed decays in both
Interfering decay amplitudes

GLW: F(Bi—)fDKi)oc1+rB+2chos(6B$y)

ADS: T(B™>f K" )oc(rl Vri+2r r cos(d,+d Fy)

rHCh Va4V 4
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GLW versus ADS methods: D four body decays

Quasi - GLW Quasi - ADS
,r. 62(53 ’y —_
/ K \ "B el(% \
+ =t - _
B~ (7T T B~ trnontaT
Fractional CP-even content Coherence factor
F+: 0.737 £ 0.028 K3WD = O_43+0-17_0'13
2F.-1~0.5
[M. Nayak et al. Phys. Lett.B740(2015) 1] [Atwood and Soni, PRD 68 (2003) 033003]
[Malde et al. PLB 747 (2015) 9] [arXiv:1602.07430]

GLW: TI'(B">f,K%)cl+r,+(2F,—1)2r,cos(8,Fy)

ADS: T(B™>f, K )oc(rl ) ri+2r,rl k' cos(d,+d Fy)
rHCh 2L
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Measurements from LHCb in the charged modes

® Several methods permit to exhibit the interference in B—DK

GLW: D- | KK ADS: D-| oK* Quasi-ADS: D- |xK'm'm
LAk \ * / TK*°
K [arXiv:1603.08993 (2016)] [arXiv:1504.05442 (2015)]

T

GGSZ: D- |Ka'mw Quasi-GLW: D- | t'tnn'r GLS: D- | KK

K KK K*K'ne? K wK*
. ol o
[arXiv:1408.2748 (2014)] [arXiv:1402.2982 (2015)]

[arXiv:1504.05442 (2015)]

| Shown in this talk

® and in the/B—DK* modes
[LHCh-CONF-2016-014]

Already published

® Analysis based on 4fb™!
> 11b™ collected during the Run 2 (2015-2016)

> Higher cross-section, improved PID and online selection
- x3 signal rate increase with respect to Run 1

THCD V. 4) 4
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(quasi-) GLW modes
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GLW modes: D—KK, D— ntn
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® B meson yields are [arXiv:1603.08993 (2016)]
‘ 3.0 fh ‘ ® D— KK mode: 3816 + 92 (B*+B")
® D— mtwmode: 1162 + 48 (B*+B")
LHChH LNl
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GLW modes: D—KK, D— ntn
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U AKKK= 0.87 + 0.020 + 0.008 [arXiv:1603.08993 (2016)]
o A™ = 0.128 £+ 0.037 £0.012
LHCD NL
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Quasi-GLW: D— e - First Analysis of this mode

Events / ( 10 MeV/c?)

150
100

sof

iRERERENTE

5300 5400 5500 5100 5200

o Am™ =0.100+0.034 +£0.018

® Compared to the 2-body GLW mode, the interference is diluted by
the fractional CP-event content, (2F -1) ~ 0.5 [arxiv:1504.05878]

[arXiv:1603.08993 (2016)]

LHCD
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(quasi-) ADS modes
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ADS 2-body

® 550 B*— DK*, D—a’K"

® 29500 B*— DK*, D—K*m

Events / ( 10 MeV/c?)

E!gﬁﬁifiigﬁma
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. |
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[arXiv:1603.08993 (2016)]
LHCH
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Seen by LHCDb only

LHCb

B*— [:c=K*]DK=

i
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ADS 2-body

100
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Events / ( 10 MeV/c?)

400

200

i

s AN I Bt . _
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m(Dh*) [MeV/c?]
nK = - + +
o A% o=-0.403+0.056+0.011

[arXiv:1603.08993 (2016)]
THCD
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ADS 2-body
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First observation of
CPVin asingle B-Dh=>| ® A™ _ =-0.403 £ 0.056+0.011|

mode : 8o

CPV in a rare decay: BR~10"
[arXiv:1603.08993 (2016)]
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Quasi-ADS: D— nKnn

® 11300 B*— DK*, D—K*mwmt*r ® 160 B*— DK*, D—na*Km*rr
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[arXiv:1603.08993 (2016)]

rHCh Va4V 4
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Quasi-ADS: D— nKnn
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® A negative asymmetry is expected (same sign as for the 2-body ADS

LHCD

mode) from the value of 6D [arXiv:1602.07430] (A"

[arXiv:1603.08993 (2016)]
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Summary B* = Dh*, (quasi-)GLW/ADS modes

Combination of the modes
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Summary of the B+ — DK+ modes: GLW

Rp Averages

ACP Averages CKM 2016 CKM 2016
PRELIMINARY PRELIMIMNARY
’ BaBar : ‘ ke - 025+0.06 £0.02 BaBar e 1.18 £0.09 £ 0.05
e Belle 0.06 £0.14 £ 0.05 &  Bellg 1.13+0.16 £0.08
< CDF 0.3940.17 +0.04 o CDF 1.30+0.24 £0.12
¥ LHCbKK 0.09 + 0.02 + 0.01 *  LHCbKK 0.97 +0.02 + 0.02
&  LHCbnzn 0.13+0.04 £0.01 s LHGbxn 1.00+0.04 +0.03
g Aveage G . Gioo2| | " . Aveage  § 099002
& BaBar : -0.09 + 0.07 £ 0.02 e BaBar 1.07+0.08 +0.04
v Belle : -0.12+0.14 £ 0.05 v Belle : 1171014+ 0.14
; b Average el 010£007 | | o & Average e 1.09:008
TS O T BaBar T ke T 01409+ 0.01 & & BaHar 131+0.13+0.03
¥ Belle Ak -0.20 + 0.22 + 0.04 ¢ Belle o 1.41+0.25 +0.06
.5 . Average -0.12 £ 0.08 & . Average : 1.33+£0.12
O S BaBar T BT 00640104002 | [ T8 Y BaBar U U T T T 0040240104
X Belle 0.13+0.30 +£0.08 ¥ Belle 1.15+0.31 £0.12
.,;0 Average  feed 007+010| | .5 Average M{  110+012
o O BaBar ; 0.0940.13+0.06 5 O BaBar , e 237+40.35+0.09
< LHCb KK : 0.12+0.08 + 0.01 T LHCb KK 1.31+0.11+0.05
< LHCbnn ke 0.08+0.16 + 0.02 X LHCbnn — 0.98+0.17 £ 0.04
> poAverage  ipe . d11%006 | | 5 & Avefage i 127+010
<" BaBar -0.2340.21+0.07 T BaBar 1.03£0.27 £0.13
Lg% Average e 023022 | | £X Average |k o 1:08£0.30
< & LHCb KK -0.04 +0.06 + 0.01 r 5 LHGb KK I 1.04+0.07+0.03
E LHCb ntr | | -0.05+0.10 + 0.01 E LHGb ntr el 1.03+0.11 £ 0.04
< . Average . : -0.05 £ 0.05 <  Average b . 1.04 £ 0.06
L] L]
4@ 42 1 08 08 0.2 08 1 12 1.4 1 ] 0 % 3
rrch 0L
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Summary of the B* — DK* modes: ADS

A s Averages E

PRELIMINARY

R, Averages

CKM 2016
PRELIMIMARY

BabBar i i
PRD 07805 -

-0.86£0.47 5. "

Babar g
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‘0.071 £0.006 £0.002

Belle N : 0.39 928105
v PAL 106 (2011] 231803 —TR—— P26 008
& E’}R[E-*)F84 " ] ; -0.82+0.44 +0.09
o) LHCb - : -0.40 + 0.06 + 0.01
FL B760 (20165117 ! 5
ﬂé’féage : ; -0.41 £ 0.086
T TBelle T BATEGEUY 005
X .
X PRD 88 (2013) 091104(R) :
5 LHCb : : -0.20 +0.27 £ 0.03
< PRDS1(2015)}112014 : :
A ,&érféage : 0.07 + 0.20
T HTE 03T 0.70+0.04
S PL B760 (201 55 17 ;
QI v Average -0.31 +0.11
HFAG :
'"E""E"'BaBar" : 0.7 +035'£'D'.'1'2"'
_ | PRDE2 (2u1m 072006 : ==
v & ,&érfarage : ; * 0.77 £[0.37
- B BE T s """'"""'h'ééi'&"ééi SR
X, 0O PRDB2 (2010) mzons : : * 2;;
.y Average . ' i c: 36"
=) ge . : 10
SN IO LS O S I = - * ________________________ L.
n ¥ BaBar * : -034+D43+015
= PRD 80 (2009) 0920 : .
¥ Average * : -0. 34 +0.46
E -D HFAG ! ; H -
TR ""I_'HC'b""""‘"""_" '''''''' i '_':' _&32 -
ﬁé PRD 92 (2015) 112005 * : 04
Average ' : 032702
le HFAG 9 : : : SO cnE
. : : .
-2 -1 0 1
LHCD
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elle 0.016 + 0.004 + 0.001
X PRL 106 {2011) 231803
B 0.022 + 0.009 + 0.003
il PRD 84 (2011) 091504
O 0.019 + 0.001 + 0.001
PL B760 (2016) 117
Average 0.018 + 0.001
"""'B’aBa T TOI00Y9 £0.008 T
w PRD 34 (2011)012002 .
o elle : 0.020 + 0.006 + 0.002
B PRD 88 (2013) 091104(R);
Z : 0.014 + 0.005 + 0.002
| PRD91(2015) 112014
0 Aérféage 0.015 + 0.004
:ﬁ TUTULHGE T T0.014£00002 £0.0017
PLE7G0 (2016) 117
Ql 4 Average 0.014 £ 0.002
a BaBa 0.018£0.009 £ 0.004
= | PRDBE (201D}| 072006
. Average 0.018 £ 0.010
'"E"}"r"BaBa - 0.013+£0.014+0.008
| O PRD 82 (2010) 072006 [
A Average 0.013+0.016
3 aBa QEEE £70°031 F0:010
O ¥ PRDS0 (20093 092001 i
B 0.003 + 0.004
%  LHCb-CONF-2018-014
I Average 0.004 + 0.004
g O HFAG
TE TLHGh JR | o o7 I
B ;HD 82 (2015 112005\ o004
verage 0.008 Ty
<  HFAG g : : : : ,
(]
-0.08 -0.06 -0.04 0.02 0 0.02 0.04 0.06 0.08 0.1
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B* - DK** mode
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What is measured ?

[LHCb-CONF-2016-014]
® The method uses the same interference as before in a new B final

state B*—DK™
® CP-eigenstates of the D decay, “GLW” type: D—KK, D—nrt

* Combinations of fav./sup. B/D decays, “ADS” type: D—Kn

® The physical observables are
(B »D(K n")K")-T(B*»D(K'n )K"")

~no interference, should be ~0
['(B»D(K n")K* )+I'(B*»D(K"'n")K™)

AKrc:

I'(B»D(KK)K" )-T'(B"»D(KK)K™")
['(B"»D(KK)K* )+I'(B*"»D(KK)K"")
I'(B"»D(KK)K* )+T'(B*»D(KK)K*")  BR(D’»K =)

R = X ... and similarly R__
“r(B»D(K a")K* )+I'(B*»D(K'n )K**)" BR(D°3KK)

A= ... and the other “GLW" related A__

R = F(B ->D(K_n )K ) ... and the other “ADS” related ratio R

I['(B"»D(K'n )K™")

. K accounts for non-resonant DK(892)* bkg and
.that depend on\/rB, 6;, W is extracted from amplitude models

LHCD - Different from the previous ones L.
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CP-eigenstate modes

I
=
I

LHCDb preliminar
|der=4.0 fb"I
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g s
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e A _=0.12+0.08 +£0.01 e R =131+0.11+0.05

KK

e A =0.08+0.16 +0.02
LHCh o
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ADS modes
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6 [ _ _ *_ r
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§200— [Ldr=4.0 b — [Ldr=40fb"
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%100 —
L
S
%g 50 B \
'S 0 \
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[LHCb-CONF-2016-014]
F. Machefert (LHCb)
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Interpretation in terms of y

Q‘_‘m | QHDJ .
= /'\'\ Y — /,f\\ /""\\
_;. .\'\I LH Cb ;l /r '\_1- B f/,/ '\‘ ! !,’ \_\ LHCb
0.25 K : preliminary \ 0.25F S | ’f \"preliminary
i | i 1‘1\ Jr'
02__ 02_7 -,_‘ ;_;
i [ \
0.15F- 0.15 »
[ ]
0.1 L g 0.1
0.051 0.05 "
:|—|I‘|I\|I|||||I||I||I|||||I||II|III| :l—lllll|||\I|\II|I|||||I||I||I|I||II|
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
Y[ 8L [°]

® The data sample is not large enough to exclude large regions of the
parameter space, but the result is consistent with y~70°

[LHCb-CONF-2016-014]

reh Va4V 4
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B*— D°K* mode
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Extends ADS-mode to higher m(Dh*)

® B.— D°h* decays probe processes that are as-yet unobserved with B_

mesons: W
- 3 ‘b M 3
b W+ }K—l— . } K+
B = BY :
ﬂ} ()0 “}Dwo
¢ C D \ C ? C
Annihilation Penguin

® Extend the ADS-mode reconstruction to higher m(D°h*) invariant
mass, using both D°> K*mi-and D°— K*rti*mt- final states.

® Signal yields are normalized to the favoured B_— D°h- mode to
quote a branching fraction multiplied by the production ratio:

rﬁj*)h:%XBR(B:eD(*”h*)

1rch p s
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® Signal observed in D°K* with 5.10 significance. Nothing in Dt

i“\ o - R B —
> E LHCb =
= 20¢ Bims[mK (wn)] K*
R DK +2.8 -7
ro =(9.372:%+0.6)x 10
5 10 & c *
b £
5:
Dl =
= LHCb b
N Dn —7
15 rp <3.9%X10 at 95%CL
10 ¢
5800 6000 6200 6400 6600 6800

m(DhY) [MeV/c?]

e f /f isapprox. ~1/200, this implies a branching fraction ~2x10*

® Predictions are a factor ~3 smaller: 6.7X105 tups//arxivore/abs/0905.0945v1

4.8%x107 eur Phys. J. C 5 (1998) 705

e f /f cancels when compared to equivalent B_— J/YT result
BR(B!»D°K")
BR(B!»J/yx")

— O. 13 -+ 0.04 -+ 0001 —+ 0.01 https://arxiv.org/abs/1411.2943

THCD V. 4) 4
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https://arxiv.org/abs/1411.2943
https://arxiv.org/abs/0905.0945v1

Conclusion
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Conclusion

® The most precise y measurement from a single experiment
_ | B*DK* Dh3n/mn'’

E B*-DK*, D—Khh

E B*>DK*, DKK/Kn/ nr

i - All B modes

| E Full LHCb Combination

100~

y=(72.2"7;)°

0 50 10 130}/ . 0 50 100 15'0}/ o [arXiv:1611.03076
® Latest B—DK measurements published include new modes
® B—DK measurement done with 4fb!
® notincluded in combination yet
® Continuing to expand the B and subsequent D modes analysed e.g.
® B—D K ADS/GLW /GGSZ analyses
> B*=DK*, D'=Dy/n’
> D—KK/mr/Kn/K °n*m /K KK
LHCD 2L
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© The main hadronic parameters are the amplitude ratio r_ and the CP

-conserving phase y

® Several methods permit to exhibit the interference

GLW: D- KK
T

0
Ksrc

GGSZ: D- Ka'm

K KK

LHCD

m F. Machefert (LHCD)

ADS:
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Quasi-ADS: D- wK'mn'w

Ko

et GLS:
K*K-mt® K*K-m®
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Summary of the B* — DK* modes

[arXiv:1603.08993]
= SM 1o expectation from knowledge of r, 6., ¥

® Significant improvement in knowledge of the ADS observables:

nk AJl:K:m

AADS{K} ADSK)
-0.403 = 0.056 = 0011 0313 +0.102 0038
— 83 HE - H
~0.6 04 02 0 ~06 ~0.4 —02 0

Rt RET

ADSIK .

0.0188 = 00011 00010 0.0140 = 0.0015 = 0.0006
— 3 H : H
001 0015 002 0.01 0.015 0.02

® DK charge asymmetries:

KK: 0.087 = 0.020 = 0.008 A o
_DK ° CP(K) AK
num: 0.128 = 0.037 = 0.012 B+ 0934 £0018
. .
0.05 0.1 0.15 0.05 0.1 0.15

® Result of partial width consistent with expectation
® Drx mode will provide constraints on upcoming DK+Dsm combination
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Combination of the B* modes
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