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'tU The LHCDb-Detector

VELO: ' / \
Impact parameter (IP) \
resolution 20 um
(high p+ tracks)
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'l_'U The LHCb-Detector %

Ring Imaging Cherenkov (RICH) detectors

Particle Identification efficiencies:
- K ~95% for ~5% mw>K mis-id
VELO: ! 7 h
Impact parameter (IP) 1
resolution 20 um pear HCAL M5

(high p+ tracks)
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'l_'U The LHCb-Detector %

Ring Imaging Cherenkov (RICH) detectors

Particle Identification efficiencies:
_ p K ~95% for ~5% mw>K mis-id
VELO: calorimeter system \
Impact parameter (IP)

resolution 20 um
(high p+ tracks)
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Dipole-Magnet, Tracking stations, Muon stations
Momentum resolution

Ap/p =(0.4 - 0.6)% at (5 —100) GeV/c
2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 5



't'U y: State of the art %

Yy = arg (— —Vud Jb)
VeaV

* least-well determined CKM angle ~~ CKViitter, summer 12
- direct Measurements : :
- BaBar 7 = (69t}§)°
[Phys. Rev. D 87, 052015 (2013)]
- Belle 7= (68%1})"
(arXiv:1301.2033)

= IIIIIIIIIlIrII|IIII|IIII|IIII|IIII

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 6



tu v: State of the art sk

Yy = arg (— —Vud Jb)
VeaV

° least-well determined CKMangle ~~~~~~ CHViiter summer 12
direct Measurements g‘ : :
. BaBar v = (6915)"
[Phys. Rev. D 87, 052015 (2013)]
- Belle 7= (68%1})"
(arXiv:1301.2033)
Standard Model (SM) fit
° full constraint ~ = (67.7774)° (CKMfitter , summer “12)
dicovery potential for new physics (NP) in comparison of:
 direct measurement and SM fits
 tree-level (SM) and loop (SM+NP) y measurements
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tu (Tree-level) y at LHCb Kisk

This Talk: Tree level B, D K transition

0 —I_ X TpHeE
Time-Independent: charged B decays /D K \%

- method of use depends on D final (f)po/po K™

state f x rget®B+7)
- f=CP eigenstates (e.g. KK, 1m): Gronau, \’DOK+/

London, Wyler (GLW) - no phase difference §

- f = quasi-flavour-specific states (e.g. K1, Krrr): Atwood,
Dunietz, Soni (ADS) - decay suppression levels (large
asymmetries)

- f = self-conjugate multi-body-state (e.g. K.rirt, K.KK): Giri,
Grossman, Soffer, Zupan (GGSZ) - only Cabbibo allowed
decays

X rp,ge !

: 0
Time-Dependent: neutral B decays /»BS -\
L g

» neutral B oscillations _
DK™

- e.g. B;.>D.K, B,>D K s\/

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona

[ADS: Phys. Rev. Lett. 78 (1997) 3257]
[GGSZ: Phys. Rev. D68 (2003) 054018]

[GLW: Phys. Lett. B 253 (1991) 483,

Phys. Lett. B 265 (1991) 172]
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't'[ | Time-Indepedent extraction of y %

* single GLW / ADS measurement not yet sensitive enough
-> combine observables with GGSZ to increase precision on vy
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't'[ | Time-Indepedent extraction of y %

* single GLW / ADS measurement not yet sensitive enough
-> combine observables with GGSZ to increase precision on vy
* inputs for the y combination

Analysis Nobs
BT — Dh*, D — hh|GLW/ADS 13

BT - DK". D— Khth™ |GGSZ| 4
ADS

BT — Dh*, D — Knnm, 7
CLEOD® - Kn, D° —» Knrnrw 9

[Phys.Rev.D80:031105,2009]

CP violation in the charm system 2

charm mixing X 3

~

Account for possible CPV & mixing in the
charm system (not covered here)
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't'[ | Time-Indepedent extraction of y %

* single GLW / ADS measurement not yet sensitive enough
-> combine observables with GGSZ to increase precision on vy

* inputs for the y combination

Analysis Nobs
BT — Dh*, D — hh|GLW/ADS 13

38 observables depend on CP parameters

BY > DK*, D — Kh"h~|GGSZ || 4
BY = DhF, D — Knnm,|ADS

p(77TB7 TD) 537 5D,£U Y, )

CLEOD® - Kn, D° —» Knrnrw 9
[Phys.Rev.D80:031105,2009]
CP violation in the charm system 2
charm mixing X 3

Account for possible CPV & mixing in the
charm system (not covered here)
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'h | Time-Indepedent extraction of y %

* single GLW / ADS measurement not yet sensitive enough
-> combine observables with GGSZ to increase precision on vy
* inputs for the y combination

- ,.1[.—| 2.5 L L] L T T T
Analysis Nobs & | 2012:4+ 4 TeV 1 | | 2012
v T I R Delivered Luminosity 2.21 fo- : L
BT — Dh+, D — hh |GLW /ADS 13 © ok Recorded Lm'ir;%i.lit};; 208f" | e .
Q 2011: 3.5+ 3.5 TeV
N R Delivered Luminosity 1.21 fo' s
= = 07T z | AT TEL A I
- HER S Te : e : :
B — DR ’ D — Rsh h’ ’ GGSZ 4 = 1.5F | Delivered Luminosity 0.04 ffb'11 --------- T e REESREEESEE Poo o
- = R ded Lumi ity 0.04 fb A !
Bt — Dht, D — Krrm,|ADS 7 @ o e 2011,
c A
‘E 1- """"""""""""""""""""""""""""" ST "I """""""""""" =1
CLEOD® — Kn, D° — Krnn 9 = | |
[Phys.Rev.D80:031105,2009] Sesk A |
CP violation in the charm system 2 g
charm mixing 3 2 o0 , : : : —
= Apr Jun Aug Oct Dec
Date

« ADS (two & four body) / GLW results based on 1 fb* data taken in
2011 at /s = 7 TeV

« GGSZ results based on 2 fb! data taken in 2012 at /s = 8 TeV

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 12



tu ADS/GLW in B>Dh sk

« with bachelorh=Korn
« D final states: KK, KT, 11T
» first observation of

Events /(5 MeV/c2)

+ B=2>[mK]K
« B->[nmKnmyK / ‘
ADS suppressed modes e MRS T s T ekt

m(Dh*) (MeV/c?)

Phys. Lett. B 712 (2012) 203,
arxiv: 1203.3662

- combined 2-body GLW / ADS:
5.80 significance of direct CP
violation (first observation)

LHCb _]

} LHCb _|

B — [n‘K*n*n‘]DK* B > [x*K*n*n‘]uK*

Events / ( 10 MeV/c?)

LA R

LHCb 7

B o[rK nn] nt

frrer oy et L 2 2 o = o A B L N ) O |

500 ) 5400 5600 5800 5200 5400 5600 5800

m(Di) [MeV/e?]

arXiv:1303.4646
2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 13




tu GGSZ in B>DK iisky

- D final state: K i, KKK LHCb-CONF-2013-004
« B*>[K hh]p,K* amplitude 2 fb”, 8 TeV, 2012

2 2 A 2 2
AB(mKSh+v mKSh—) —AD0—>K5h+h— (mKSh+, mKSh_)
+ T'Bei((SB—M)

Apo Kt h- (m%gm ) m%@h— )
o (my p+,my ,—) is a point in the D>Khh Dalitz space

- binned Dalitz plot analysis

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 14



tu

GGSZ in B>DK e

D final state: K rirt, KKK
« B*=2>[K hh],K* amplitude

LHCb-CONF-2013-004
2 fbl, 8 TeV, 2012

AB(m%(Shﬁm m%(Sh—) :AD0—>K5 hth— (m%(Sh+> mg(sh—)

o (my p+,my ,—) is a point in the D>Khh Dalitz space

- binned Dalitz plot analysis

’)/:(57:

- 16)°

- world’s most precise single
measurement

« crucial input for the y combination

2013-05-14

+rp ei((SB +7)

(3 fb-)

2 2
AD0—>K5h+h— (mKsth . mKsh—)

R 1 T ]
;;f 3_ LHCb preliminary | 5~ 3_ Py LHCb preliminary |
-t fLdr=20f {2 L (Tohglin JLdr =20 |
i Lo« a5 4
E g [ ek at
RSN g2k LS . -
L . L G o
[t [ A .
- IN
1+ oy - | : -
ﬂ / %
/- L 1 | 1 / PR TR B | PR 1
1 2 3 1 2 3
B+ m2 [GeV¥/ ¢! B- m? [GeV?/ ¢!
N i T T T T T ] _’E‘ A T T L T T ]
a L LHCD preliminary | 5~ 3L . LHCb preliminary ]
=z F jrdr=20ft{ 2 f s M [Ldr=20m"
St 1 8t L ]
e 1.6 it 1.6
E [ E [
14F 14k
12F 12
- . s o

[P B B seraar i BV PR R B serear i A
1 1.2 1.4 1.6 1.8 1 1.2 1.4 1.6 1.8
m?2 [GeV/ '] m?2 [GeV?/ ']
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'tU Gamma Combination from B->DK %

- combine Observables using a frequentist approach

* more precise than simple averaging (different measurements
sensitive to same parameters)

* inputs for the y combination

Analysis Nops | Parameters

Bt — Dh*, D — hh, GLW/ADS 13 | v, 7B, 9B, TH, 0%, Rk/x,
Firs Ok, ASp BE ABS™

BT — DK", D— KhTh—, GGSZ | 4 v, B, OB

BT — Dh*, D — Krrr, ADS 7 Y, TB, 0B, I'p, 05, RK/x,
TK3r, OK3r, KK3r

CLEO DO — Rrﬂ', DO — Krrm 9 Tp., YD, éfgﬁ, 5;{3“—, REK 37

I'krs Tian, B(Km), B(Knrm)

CP violation in the charm system 2 | ADrRR - ADZTT

charm mixing 3 TD, YD, OKns T'Kn

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 16



'tU Gamma Combination from B->DK %

- combine Observables using a frequentist approach

* more precise than simple averaging (different measurements
sensitive to same parameters)

* inputs for the y combination

Analysis N | Parameters

Bt — Dh*, D — hh, GLW/ADS 13 | v, 7B, 9B, TR, 0%, Rk/x,
T Ow AD—>KK AD—Hr‘.rr
?Kﬂ': K CP p CP

BY 5> DKT,D— K°hth—,GGSZ | 4 |, rg, o5

BT — Dht, D - Knnrm, ADS 7 |7, 7B, 0B, g, 05, BK/x,
T"K3r, OK3r, KK3n
ICLEO D — Kn, D° — Knnm 9 | Zp, Yp, OKkns OK3m, KK3m

'Kms TK3m, B(I{W)g B(I{ﬂ'ﬂ'ﬂ')

AD—-KK AD—7mw
flC‘P 3 flCP

o

CP violation in the charm system
charm mixing 3 Tp. Y. Okus TKx

LHCb measurements sensitive to y

External inputs

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 17



Gamma Combination from B>DK %

LHCb-CONF-2013-006, prel.
LHCb-PAPER-2013-020, in prep.

LHCb -

Preliminary

0 0923+{].0078

—0.0080

68.3%

q l _I LI B B B \_ q 1 [
Q LHCb - Q0
— 0.8 - Preliminary ] — 0.8 -
0.6 - - 0.6 -
0.4 - 0.4 |
02 . 02
0_ N N B B 0_
0 20 40 60 80 100 120 140 160 180 0.04
Y [°]

95.5%
[ T I T

0.06 008 0.1 0.2 0.14 016
i

vy from B>DK ADS(1 fb1)/GLW(1 fb1)/GGSZ(3 fb1) combined:

’)/:(67:

- 12)°

ri = 0.092 4 0.008

2013-05-14

world‘s most precise

Maximilian Schlupp, LHCP 2013, Barcelona 18



Time-dependent B,>D K ﬁ%

V;m U
- B,2>D.K exclusive to LHCb (time Wt . K™
resolution, PID, B, yields) ] - ]
By D;

* Interfering amplitudes of the same order
of magnitude in the Wolfenstein
parameter A

Vi c

CcS D_

- -> large interference expected Ij:/—'< s 8
A(Bs — D;K™) b > u

BO Vub K+
s _ < _

S

V* Vi oc AN?

K= ~ 0.37
"D =By — DI K

S S

time-dependent measurement using V*Vp o AN3e™
tagged & untagged events

dFB D*KJr(t) 5 ; 0
Q;t'_jjrsf 8 ‘Af‘z (J_ —|— ‘f'[_')s]\:‘z) /BS \

X {COSII (Al;’t) — Dy sinh (A‘l;.t) Bg D_ K"'

S

N (--Y'r €O (An Z'St) o Sf sin (A’T'F ?-,qi—)} \_/‘

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 19




Time-dependent B,.> DK %

time acceptance & time resolution crucial for time-dependent B,
measurements
time acceptance:

shape from simulations

parameter from fit to a Dt data sample (unbinned maximum
likelihood)

scale parameter with factor accounting for the differences between DK
and Dt simulations

[L.HCb preliminary
Simulation

decay time resolution:
triple Gaussian function is fit
to signal MC (unbinned

Candidates / 8 fs
=

. . . 10° =
maximum likelihood) -
effective decay time i
resolution ~50 fs in data 0 R

Wl AMhE

II‘II
400300 200" -100 100 200 300 400
At [£5]




tu

Time-dependent B,>D K %

Candidates/(0.2 ps)

» combined weighted unbinned

maximum likelihood fit of the decay

rates to the time distribution

107 LHCb Preliminary 1.0 fb’!
10 g
1E el
107 = —— Combined
- — B, D;g{+
10? & == B,— D, K~
E ...... ES_) D%LK+
3 M ammmm BS_) DSK' )
107 & ——— Untagged DK "
R Untagged DjK_
10-4...I...|...|..I...I...I...I.
2 4 6 8 10 12 14
(B, = D, K) [ps]
* Important step towards extraction of y
in B;>D.K
2013-05-14

[LHCb-CONF-2012-029]
1fbt, 7 Tev, 2011

stat.  syst.

C= 1.01=+0.50+0.23
Sp=—1.2540.56 & 0.24
S:= 0.0840.68 % 0.28
Dy = —1.33 4 0.60 + 0.26
Dj=—0.8140.56 + 0.26

very first measurement of CP
observables in B;.>D.K

Maximilian Schlupp, LHCP 2013, Barcelona 21



Summary & Outlook %

+ time-independent measurements of CP oberservables using GLW,
ADS, GGSZ

- combination of the tree-level B>DK analyses
« world’'s most precise measurement & combination of y

GGSZ:fy = (57 £16)°|  combination:|y = (67 £ 12)°

* First time-dependent measurement of CP observables in B,.->DK
* Important step towards extraction of y

* more to come in the next years:
- update analyses to full dataset (3 times the statistics)
 until 2018: collect up to ~10 fb!
» v from loop induced processes
* prospects for the LHCb upgrade (2018+, ~50 fb1) [arxiv:1208.3355]
-y combined: oy ~ O(1°)

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 22



Conclusion %

LHCDb Is on it's way to a precision
measurement of vy




Conclusion %

LHCDb Is on it's way to a precision
measurement of vy




'tU Gamma Combination from B=>DK %

LHCb-CONF-2013-006, prel.
LHCb-PAPER-2013-020, in prep.

g | E
@ b essw AN
10" = =
S,
10° = E
3
1007720 40 60 80 100 120 140 160 180
Y [

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 25



1-CL

'tU Gamma Combination from B=>DK %

LHCb-CONF-2013-0086, prel.
LHCb-PAPER-2013-020, in prep.

1 B T T N 1 N I I
- 1 9 LHCb |
0.8 - — 08 - Preliminary .
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02F . 0.2 -
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E i LHCb
0.8 Preliminary  _|
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04F 6
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Gamma Combination from B> DK

LHCb-CONF-2013-006, prel.
LHCb-PAPER-2013-020, in prep.
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tu

ADS/GLW in B->Dh

e

» (Observables’ relations to
parameter

»T =)
BT =)

. r%(ﬂ)+rD —!—21“5(7r r5Tcos(dpm + 05" +7)
RET = AL

2
R _ r%(w) + 5T 4 2rpyrp T cos(0p(x) + 0

1+ rQB( N KWQ + 21 gy cos(8pr) —

Km
Az

Krm
A" =

KK _

27“3(@7“5” Sin(0p(r) — 6B™) siny

1+ rQB(W)r*g”z + 2r gy cos(8p(a) — 05 T) COS Y ’

QT‘B(K)T‘IEW SiD(5B<K) — (5‘5”) sin Y

D) )
1+ TQB(K)Tg’T + 2rpy T cos(0p(r) — 05 ™) cosy

2r (=) Sin 0 g () sin
Bm)® 2 OBm ") 4 Aep(D = KK)

-+ ACP(D — 7T7T) ,

+ACP(D —>KK) ,

+ AOP(D — 7T7T) ,

3 . -
1+ T‘QB( )TD 2y 2rp(my Iy €o8(0p(my — 05T +7) L+ 7B(x) + 2rB(x) COS0p(x) COSY
2rg(x) 8N O () SNy
+ +2 K™ cos(o + 68T — 4 ATT =
ﬁz = IB(K) TD 2TB<K)TD cos( ;(K) 5 - ) , T 1+ TQB(vr) + QTB(Tr) CoS 53(71-) cos 7y
+ TB(K)TD + T‘B(K)T‘D COb( B(K) - - /) AKK B 2T,B<K) Sln 6B(K) Sln“/
K ") T o 21 gy D" cos(0p(x) + 05" +7) K 1+ rQB(K) + 2rg(x) COS Op () COS Y
o 12 e ™ 1 20y B cos(Op ey — 08T +7) 21 sc) SN O 1) sin 5
B(K)Y'D B(K)TD cos( B(K) T +7) AT I'B(K) SMOpB(f) Sy
K 1+T2B(K)—|—QT’B(K) oS Op(f) COS 7Y
1+ 12 K” + 2r r87™ cos(6 — 55™) cosn
B(K)"'D B(K)I'D B(K) D /
RK/ﬂ- — Rcab T
1+ ’FB( \"'D Kn? 4 2rp(m " €os(dp(r)y — 055™) cosy
REK _ p 1—|—7°B(K) + 27rp(K) COSOB(K) COS 7Y
K — 4lcab - - ;
/” 1+ ’r%(w) + 2rp(x) COS Op(x) COS 7Y
K/ﬂ' RK/?T y
2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona
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tu

ADS/GLW in B->Dh

e

* Results on the observables

* Provide crucial input for the

combination

2013-05-14

Ry 7,
RE s
R
Al
AT
AKK
ATT
AEK
ATT
Ry
Ry
R
RY

Phys. Lett. B 712 (2012) 203,
arXiv: 1203.3662

stat. Syst.

0.0774 £ 0.0012 £ 0.0018

0.0773 £ 0.0030 = 0.0018
0.0803 £ 0.0056 £+ 0.0017

—0.0001 = 0.0036 = 0.0095
0.0044 £ 0.0144 £ 0.0174
0.148 4+ 0.037 £ 0.010
0.135 = 0.066 &= 0.010

—0.020 = 0.009 = 0.012

—0.001 £ 0.017 £ 0.010
0.0073 £ 0.0023 £ 0.0004
0.0232 £ 0.0034 £+ 0.0007
0.00469 £ 0.00038 £ 0.00008
0.00352 &£ 0.00033 £ 0.00007

Maximilian Schlupp, LHCP 2013, Barcelona 29




tu GGSZ in B>Dh

e

« Decay width of the B mesons per Dalitz plot bin (i)

Fi(B7)=n" (Ky + 15K=; + 2/ K; K _i(x |c; By
Iy (BY) = ?’L+(K;i + T%Kj:i + 24/ KK _j(wife; Fy+

5i))
si))

* with the CP Observables
T4 =rpcos(dp £7) |yd = rpsin(dp £ 7)

- the efficiency-corrected yield per bin (1), K4;

LHCb-CONF-2013-004
2 fbl, 8 TeV, 2012

- normalized cosine, sine of the strong-phase difference averaged in

each bin, Ciy S; External input:

4 CLEO-c, Phys. Rev. D82 (2010) 112006

arXiv:1010.2817
a normalisation factor n*

v, =(—87+31+1.6+0.6) x 1072

r_ = (53+£32+£0.940.9)x10?
yr = (0.1+36+1.441.9)x 102
y_ = (99+3.6+22+1.6)x 1072

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona
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'tU Gamma Combination from B->DK %

- Statistical procedure
- Define Likelihood £(&) = [ ] fi(Aiebs| Ai(d7))

—

Ai,obs Set of observables per measurement i

a;; Set of parameter per measurement i

—

A;(a;) Truth relation between parameter and observable

fi(ﬁipbsvﬁ (a;)) Multivariate Gaussian taking possible correlations into account
(or experimental likelihood, if approximation is not valid)

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 31



'tU Gamma Combination from B->DK %

- Statistical procedure
 to evaluate the confidence level for the parameter of interest (e.g. f}/)
use
(@) = —21n L(a)
- say & is the parameter-set minimizing X~ (&)
- and @, minimizes x>(&) with fixing Y = Yo
* For each value of Yo get p-Value:
- calculate AxZya = X2(@) — x3(@%) given Ay
° generate N, toy experiments fftoy with E\?’C
« calculate Axfoy = 2(@) — x%(&) but given /ftoy

> p=1—-CL=

2013-05-14 Maximilian Schlupp, LHCP 2013, Barcelona 32



'tU Time-dependent B,>D K %

Conventions:

f=DIK"
Al'y =Ty -1 >0
Amg=myg —myp >0

* Asoneexample I'y _, - (¢)

AU, o (t ‘ ATt ATt | |
Bg?r{f;( ) A2 (1+ |\ ]2) [00511( 2 ) — Dy Smh( 2 ) + Cycos (Amst) — Sy sin (Amt)

with |%/=1 > rp,x = [Af|
1—7%3K

Cerp = —=52
F(F) 2 i
L+7p, K - A\ strong phase difference

_ 2rp,Kk cos (AF(y — 28s)) + Bs weak B, CPV mixing phase; small

Dy = 14712 4 effect [e.g. in B.>J/Wé; LHCh-CONF-2012-002]
: . eak CPV decay phase
o 2rp. i sin (AF(y — 205)) 7w yP
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