\ Ninef % \

Measurement of the CP violating phase y
at LHCb

Rose Koopman
(Nikhef)
on behalf of the LHCb Collaboration



Ninef CP violation %

e |ass eigenstates: 1, d - well defined mass/lifetime

 Weak interaction between eigenstates: u/, d’ ] CKM matrix
d/ ’Vud |Vus
S/ — — ‘Vcd . H/cs
b, |V;§d e—zﬁ — |V;fs

* vyisthe least well known angle

e Test standard model

* Tree decays: no sensitivity new physics
How?

* Interference between b > uand b > c transitions
* Aub/Acb =g = 1
* B meson decays
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] o . \ Mass resolution
Separation between primary and secondary vertex 18-25 MeV
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* PID cuts on tracks va M & w10
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RICH — pion, kaon identification S| S

* Multivariate analysis, like boosted decision trees e | 2
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ADPK.f _ (B~ —[D[>f]K~) —T(BT = [D[—>f]K™T)
I'(B——=[D[—=f]K—)+T(Bt—=[D[—f]Kt)

Rl — DB~ [D[=fIK7) + (B »[D[= 1K)
K/m = D(B==[D[—=flr—) +T(Bt—=[D[—flxt)




RS = DB =[DofIK7) + (BT [D[=>f]KT)
K/m " 1(B==[D[=flx—) + (Bt —=[D[-flx+)

RDK,f — F(Bi%D[%fsup]Ki)
F(Bi_)D[_)ffav]K:l:)

GLW
CP eigenstate: f = KK, it
3 eqgns, 5 parameters:

T ST
TB,(SB,TB,(SB,/Y

ADS

common final state: f = Kz, tK, ik
5 eqgns, 7 parameters:

B, 5B>"“%7 6%77“D75D77
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[PLB 712 (2012) 203-212]
[PLB 723 (2013) 44]
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* Large event rate, o | oy ]
small interference ok B- - [K+K-]pn & B+ [K+K-|prt
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ADS E LHCb LHCb |
. 2 B_—>[7T_K+]DK_
* common final state: L
K, Ko, Kt )
* Lower event rate,
larger interference
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B0 — DOK™©

G

Both B®— DK™ decay paths colour suppressed!

Self tagging decay: K0 — K*t-

GLW

* fis CP eigenstate: K*I,

T
e Small event rate,
large interference

ADS

e common final state:
Kfm, Ktt

* Large event rate,
small interference
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['(B™ = D[— ftay]m™) + T'(BT = D[= frav]7™)
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Sum, incl. combinatorics

RY
fav/sup = I'(B~ = D|—= faup|m™) + (BT = D[— foup)mt)
GLS . 2 o B” = [K§K*tn|p K~
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6D
DK e Coherence factor k takes care of variations
of the strong phase in the Dalitz plane due

B~ , [KSKtn~|K~ toresonances © [ T
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[JHEP 10 (2014) 097]

0 mQ—’m?l-) . 0
/PD D Dalitz plane, D — Kgnt
(5 ) 7T+7T_]K_ o f*‘*r B-— DK ¢, B*— DK*
KDOK./ S | 18 |
A(m?,m?) i 1% 21 ]
I -
m2 [GeV?/ 4] m2 [GeV¥ c4]
GGSZ
* common final state: K %', K OK*K®
* Decay amplitude in bins of Dalitz plane
N, = hp- [Fﬂ +rpFr; + 2/ FF_j(x_cy; + y_sﬂ)} ry = rpcos(dp )
Nf, = hp+ (Fri+rpFri+2/FF_ (v cei — Yy S+i)] y+ = rpsin(dp £7)

* ¢, s: average strong phase (CLEO), F: fraction of D decays (B° > D" *uvX)
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Interference between mixing and decay
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Interference between mixing and decay
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Extract y from CP vars
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BT — Dh™, D - Knnrw LHCb-CONF-2014-004]

Robust combination Full combination

e Uses only decays with bachelor kaon ! Uses also B-— Dt
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* Most precise measurement of y using tree decays: v = (73 +9 )°
* 30% improvement compared to pre-LHCb! =10

Compare to y measurement with B>hh decays (loop diagrams)
« v =(73%,)° versus v = (63.5172)° s
* Need better precision to find new physics v = (63.57¢7)°
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* Expected sensitivity?
e Runll:4-11°
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Y results
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GLW ADS
ADK,f 2rpsindpg sin vy 2rgrpsin(dg—3dp) sin v
1+rg2+2rg cosdpg cos~y 1+(rgrp)2+2rgrp cos(6g—38p) cos
Rf R 1—|—(’I"B)2—|—2’1"B cosd g cosy R 1-|—(’I"B’I"D)2-|—2T‘BT‘D cos(6g—3dp) cosy
K/ cab 1+(rg)2+277% cos 8% cos CAB 14 (rErp)24+2rErp cos(65—dp) cosy
RDK,f rgl4+rp24+2rgrp cos(6g+6p+)
+ 1+(rgrp)2+2rgrp cos(6g—5p+7)

GLS
D _ 1+(rErp)*H+2rErprcos(6p—8p) cosy
fav/sup (rg)?+rp2+2rgrprcos(dp+dp) cosy




