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CP Violation and CKM parameters

(and a few slides on Rare Decays)

U Heavy Flavour physics as a tool to search for New Physics

- Strategy
- Experimental observables and comments on
their sensitivity to NP

U Current sensitivity to NP effects and prospects for
the nearest future (2011-2012)

- NP phases
- Rare decays: rates and helicity structure



Strateqgy: find observables which test the penguin and box diagrams
separately; make a test which involves quarks of all three
generations 2 Explore both B, ; and B, sectors, and b-baryons
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Plenty of room for NP !!!
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Observables: CPV phases, rates of rare processes and helicity
structure of involved amplitudes

UPhases
CPV processes are the only measurements sensitive to the phases
of New Physics e.g. measurements of B, B, &y

U Masses and magnitude of the couplings of New Particles
Inclusive BR(b 2 sy) indirectly constrains the scale of BR(b~>sy):

NP masses A\ > 103 TeV for generic coupling (flavour problem)  Exp. 3.55%0.26x10*
Theor. 3.15%0.23%10*

Look at specific cases with enhanced sensitivity to NP
B y2HM, ...

Q Helicity structure of the couplings

Use the correlation between photon polarization and b flavour in b->sy

. b2y @)+ (mymy) x y(R)
¢y producedin B, and B, decays do not interfere
= corresponding CP asymmetry vanishes
Significantly non-zero A p indicates a presence of
right-handed current in the penguin loop

Similar study in B2>K*u*ur & K*e*e-

b




Where are we now ...

Current status and expectations
for the next year(s)

Scan of the slide shown in late 80’s

Precision of UT elements improved dramatically !
The shape of UT, assumed intuitively >30 year ago,
looks however as currently
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Current status: CPV phases

State-of-art is given by UT:
The quark sector is well described

- Accuracy of sides is currently by the CKM mechanism
limited by models: o
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Becomes almost a precision measurement thanks to large BR(B*2p"0*) measured by BaBar
Confirmation from BELLE is eagerly awaited !

Note:
UT geometry is such that the main constraint on NP comes from the
comparison of the opposite elements i.e. angles vs sides



Box Diagrams (B,)

,3 vs |V,,/ V., | is largely limited by theory (~10% precision in |V ,|)
Note a discrepancy in |V, | determined in inclusive and exclusive

measurements : |V ;.. =(4.3220.27)x 10 -3 and |V | ,, = (3.51%0.47)x 10 3
(A.Lenz FPCP2011)

B. Kowalewski
50

BEAUTY 2011 V |V,5| averages [107]
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» Continued tension between inclusive and exclusive results

» Possible improvement ??7?
- b2ulv measurements
- combined data + theory fits to b->clv b-2>alv



New measurement of sin(2p) by BELLE

Good tag only, background subtracted. Belle preliminary
B JjyKe Bk ByQS)K B xak
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CPV is cleanly observed in all four modes
sin(2p) = sin(2¢,) 287
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 4 PRELIMINARY
BaBar P 0.687 00ﬂa+0012
PRD 79 (2009) 072009 T : . _
BaBar 3., Ke | 0.690 +0.520 + 0.040 4 0.070 BELLE with 772x10° BB pairs:
PRD 80 (2009) 112001 |
BaBar J/y (hadronic) K- b 560+ 0.420 0.2 : — -
l:ﬁD%rg(éloé4;10;gg§i) - b fopr=na 0?0 Oy ‘blll (2(-'{)1) 0.668 + 0.023 + 0.013 prefiminary
Morond EW 2011 preliminary " 0508200232001 Current world's most precise measurement of ®,
ﬁ\éigge --< 0.678 i 0.020
n.z2 0.3 04 0.5 0.6 '0,7 0.2 09 1 1.1

Indirect estimation: sin (2¢;) = 0. 8‘30+8 ?ﬁi (global fit, CKMfitter ICHEP10) 7



y vs Am,/Am, is limited by experiment: y is poorly measured

Tension in the current CKM fit:

» Several possible hints for NP
(Ag, V,, fromB 2 tv)

« Large contribution from NP
not excluded

 Precision measurement
of yin trees is important !!!

Note:
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BR(B-1v) = (0.749 + 0.091) 107 (2.8 0)
fz = (185.1 + 8.6) MeV (2.0 )
i
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From Lunghi and Soni, arXiv:1010.6069
(see also CKM fitter, UT fit, eftc., etc.)

y = (74 + 11)° used as input while CKM fitter gives (71*?7 ,;)°
Direct measurement is less precise than SM prediction !




New measurement of Am by LHCbh

amplitude
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Prospects for y measurements

Two strategies:

ADS: Doubly Cabibbo-suppressed D decays

GLW: CP-eigenstates (Cabibbo-suppressed)

GGSZ: Cabibbo-favoured multibody decays
with Dalitz plane

Vv
Vis u b - u
- Time-independent CPV: B*->DOK", f< . 0
0 0K *0 _ ~ B’ Ves -
also B°2>D°K 5 B v, © 5 -
u u u
- Time-dependent CPV: B,.2>D K*, Vg — U, v .
also B°>D-z* (only possible ‘f< 5 !p< e
@ hadron colliders) go P v, o B 0
S g s s Bg s vub s K
Time-independent analyses of BaBar/BELLE
BaBar BELLE
(68 115 +4+3) [B* - DWRKWH (78 Hi2+4+9)° B* — DU K]
[model-dep. GGSZ] model-dep. GGSZ]
(77.3 7o £4.2+4.3) (B — DK#]
‘model-indep. GGSZ]
B —)DDUK (B’ —)EarsK’) er sin(5 5 )siny Be”e Wlth 772><1OG B§ New ADS i
= (B =D,k )+I‘(B'—>Dml() r4rt +2er,_cos(d, +3,, Jeosy Rprk = ( 1.63 f‘dﬁ (stat) 4__8?'3 (syst)) x 1072
" y ./4 - o 039 —H).".iq +0.D:1
T 20 )T 0k )=f;+rf:+2r,rMCos(55+5u)Cos}' - 02 0o prodrinery
[(8 =D,k }T(8 ~Dok")
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CDF: ADS analysis of B- 2 D° K- decays

CDF Run Il Preliminary Lm =51b" CDF Run Il Preliminary le =51b"
35 I8
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Yield (B — D,.cK) = 34 + 14 (5 fb-')  Significance for all DCS
Yield (B — Dy ) = 73 + 16 (5 fb!)  signals (Dyest + DpecK) > 5 o

Raps(K) = rp® + rg® + 2rgry, cos(85+3;,) cosy
A 1ps(K) = 2rgry sin(8g+ 8,)siny/R 4 s(K)

R, () =0.0041 + 0.0008(star) + 0.0004(syst) CDF results (with 5 fb-! data sample)

A,ps () =022 £ 0.18(stat) = 0.06(syst)

competitive with B-factories

R, s(K) =0.0225 +0.0084(stat) £ 0.0079(syst)
A, ps(K) =-0.63 +0.40(stat) =0.23(syst)
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Events / { 11.8 MeVic?)

LHCDb yields in B*2>Dx* & B*2DK*
( LHCb takes shape !)

B* - Dmt™ with D = K

L} bl 1

11.8

",
PR BT

5200

L

5400

B* = D1t" with D = KK

2% .
LHCb
200 Preliminary
Ve =T TeV Data
e
m, = SIT323 = 0.50 NeV
" 0y " A7 1T £ 1,653 NeV
oo o, = 51830 £ 13227 MeV
N ™ 1035 = 54

3400 %600
mg (MeVic?)

Events / { 11.8 MeVic?)

LHCb

Preliminary
Vs = 7 TeV Data

m, = 527516 + 0.30 MeV
o, = 40,661+ 3.169 MeV
a, = 19.461+ 0.524 MeV
Ny = 7786 = 98

5600
my (MeV/c?)

— D1 with D = 1111

Bt
. :

Events / ( 11.8 MeVic?)

LHCb

Preliminary

ve =T TeV Data
m, * 537950 ¢+ 250 NeV

0= 23009 2785 MeV
g ™ 236 2 70

1
5200

LHCb yield: 1035 + 54 / 34 pb™”

CDF yield: 718 + 36 / fb!

mg (MeVic?)
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B* - DK* with D — K

8
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LHCb
Preliminary
\s =7 TeV Data

m, = 8278.15 + 1.57 MeV

o= 20496 * 1.529 MeV
Ny s =444 =30

5600
my (MeV/c?)

A \54]00 ‘
LHCb yield: 444 + 30 / 34 pb’
CDF yield: 516 £ 37 / fb™"
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LHCb prospects for y measurement in B,.2>D K

Large signals for B, D r useful for Am, measurement

. . * .
B—’DT[,D—»(pT[ B -Dm D -K*K B-DmD —»KKT[(Other)
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2 | i Zwo :
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- DK final state under study

- Expect world’s first time-dependent CPV analysis
for B,>D K analysis in 2011

Combined estimated sensitivity for y in 2011/2012 Run is ~5°



LHCb measurement of y may hint to New Physics
within next two years !

1.0k 2 ' X b v - - v v - -
BR(B-1v) = (0.749 + 0.091) 107™* @8 o)
1z =(185.1 + 8.6) MeV (2.0 o)
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P

But | doubt that it will be conclusive with current theor. uncertainties
Higher accuracy in y (~1° ) is definitely required here !
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Box Diagrams (B, mixing phase)
¢W? = -285 in SM is the B, meson counterpart of 23

penguin contribution £ 103

¢"¥¢ is not really constrained so far
Theoretical uncertainty is very small:- 23, = - 0.0368+0.0017 (CKMfitter 2007)

Results from TEVATRON

- CDF: based on 5.2 fb' with improved particle Id, NN,
flavour tagging (SST) and contribution of S-wave included.
- D@: based on 6.1 fb”! with improved selection and

no same side tagger anymore.

CDF (assuming no CPV)

Ts = 1.53 £ 0.025 (stat.) £ 0.012 (syst.) ps
Al's = 0.075 * 0.035 (stat.) £ 0.01 (syst.) ps’

DO

Ts = .47 £ 0.04 (stat.) £ 0.01 (syst.) ps
Als=0.15 £ 0.06 (stat.) £ 0.0 (syst.) ps’
s = -0.76 £ 0.37 (stat.) + 0.02 (syst.)

CDF Run Il preliminary L=521fb"
L 9005
S 20 6504 * 85 B, &
= 700-
5 Gooi—
Q. 500+
w E
L 400-
(1] E

o e

T S R 1 R S X
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1500 ~
“§ DO Preliminary . Data
-1
g [os — Total Fit
o LB Jdye X —Prompt Bkg
%4000 — non-Prompt Bkg
8. £
o
Q
=
8
© 5001
g 3435 £ 84 Bs
q-lAlAJAAlAlAll‘l-lb‘lll‘llll‘lllAT‘:Ai

51 52 53 54 55 56 57 58
Mass (GeV)

In both analyses a contribution from S-wave
(B.2J/yP) found to be non-significant
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TEVATRON: ¢, from B 2> J/y¢

CDF Run |l Preliminary Le528'
0.6— — 95% CL
— 68%CL i
0.41 e SM prediction ;
= 02
02 ( C
0.4
0.6}
-1 0 1
¢s =-2B. 2 B, (rad) o

b. € [-1.65 024]

and b = 114, 2.93].
|.| o deviation from SM central point
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Preliminary
3 DG, 6.1 bt 6 = ~042+0.18
- RO —’*J/W b= 3.01+0.14

AM, = 17.77 4+ 0.12 ps~|

— 68% CL
— 95% CL

AT, e [0014, 0263] ps’
ATs e [-0235, -0040] ps'

¢y/*[rad] |
y

$. € [T, -1.78] u [-1.36, 0.26] U [288, ] @95% C.L.
0.80 deviation from SM central point

@95 % CL



LHCb: ¢, from B 2> J/y¢

B, —>Jly¢ |
3 unbiased h Preliminary
~ 200 . EET S EEY
g wmf trigger
= 180 1
£ 1w
Z

Bs — J/vo

Proper time resolution
OS tagging power

SS tagging power

¢, € [-2.7, -0.5] rad at 68% CL
¢, € [-3.5, 0.2] rad at 95% CL

4 [Neig = 570 £ 24

: . A 5 555
JAp¢ invariant mass (GeV/e®)
LHCb 36 pb=' CDF 5.2th~!
836 6500
501s 100 ts
2.2 +£0.5% 1.2 £0.2%
work ongoing 3.5 +1.4%

SS tagging will significantly improve sensitivity
- Exciting prospects for the nearest future
Expect o(¢,) ~ 0.1 with about 1 fb-
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Summary of Tevatron results on Ag;
U CDF analysis (using muon IP cut) is underway
Expected stat. accuracy for 6 fb-? is 70% worse than in DO (no IP cut)
I'(B"— B’ — /7X)
(B — (*X)

New CDF result: % =0.126+0.008 is entirely consistent with LEP: % =0.1259+0.0042
(probable cause of the previous discrepancy — “ghost” muons

Measurement of X, = = faXa+ fsXs IS important cross-check towards Ag,

nhot properly accounted in MC) oos Presented at BEAUTY 2011
g D@, 6.1 fb™ + (a)
E 001 | 4
q b+
. <« o - Observed asymmetry
1 DO analys:s 0.005 | ++ + - Expected asymmetry
, for Al =0
:1[:1 — (—U.f)B? 1 0.251 (Sf{lf) 1 0.146 (ﬂ%)) % 0 10 20 30 40 50
M(pp) [GeV]

&
=
—_—
n

A% (SM) = (—2.3%53) x 1074 D@, 6.1 fb” (b)

e
+
‘ﬁ’ o - Observed asymmetry

0.005 |i s - Expected asymmetry

. for A} = -0.00957
Ag, as a function of M(uu) R R

Note: DO M(uu) > 2.8 GeV/c? M(up) [GeV]
CDF M(uu) > 5 GeV/c?

Asymmetry
=
o
e

Additional cross-check:




NB: This is MC,
scaled to real data

Futureprospects onASL IIIIIII|III|III|IIIIIIIIIIIIIIIIIIIIIII
CDF uu 0.0967 =0.2832 * 1 on
9|
(Run 1) 0.0226 =0.0208 *0 01t
» CDF measurement CDF A0
(1.6 b)) prel. | This result |
DO update (with 9 fb") ‘ p i):’)blﬂ; H 100146 ~0.0051 ~0.0056
IP cut and improved DD Px(t'a ) - —
data selection S G [-o-| 00017 00001 4%
» LHCb measurement Average -0.0085 +0.0058
(With 1 fb-1) IlllllllllllllllllIIIIIIIIIIIIIIlIIIIll
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Averaging Group Ag (B
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D@ B,—D, u X " No NP in B,-mixing
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Candidates per 2 MeV/c?

150

100

CPV in charm

Agp(D0>hh) = LD22hh) = I(DO2h*h)
N(DO>h*) + [(D°>h*h)

CDF Run Il Preliminary [L dt = 5.94 fo” CDF Run Il Prefiminary [L df = 5.94 fo”

L I T T T T I T T T T I T T T T i [ I T T T T I T T T T I T T T T i

oggowo [ N(D™ - Dy - [K'KIr) =232413+ 7597 000 N(D* - B°x, — [K'KI;) = 243457+ 778

2 I x2/ndf = 326/299 - R x2Indf = 326/299 -

w,coFnmlmnmmuyjl.al:s.sma 315000_— 1 15000 N
: llllllllllllllll s lllll : - :
: § 8 I i
: E 810000} 10000/
[ g | B I ] I
3 E - ™
¥ g 3 [
- . = 5000
: | :

L e C T R R
E 2.005 2.01 2.015 202 02.(X)5 2.01 2015 2.02
I ¥ T W A ¥R § Invariant D°r_-mass [GeV/c?] Invariant D% -mass [GeV/c?]

Invariant K*K -mass [GeV/c?]

Ao

~ 476'000 D*-tagged D° — KK

CDF world’s most precise measurement:
Acp(D°2atr) = (+0.22+0.24+0.11)%
Acp(D°2K*K") = (-0.24+0.22+0.10) %
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LHCb prospects (charm)

Excellent prospects for CPV studies: Expect about a few millions
tagged D° > KK with L ~ 1 fb?

T T I T T T T

LHCb LHCb Sample sizes in low
Preliminary Preliminary e
multiplicity decay
modes with low mis-tag
D0 3 rate already similar to

those of B-factories !

140 145 150 155 160 140 145 150 155 160
Am [MeV] Am [MeV]

Control channel: (A in D>Kr)

A_is well in progress !
r prog Ap=(-2£4) x 10°3

_7(D* > k' k*)-7(D* > K K*)

A . =—3— L B B B e = S L N B B =
g T(DO—)K-K+)+T(D0—>K-K+) %mi LHCb _5%;25_ LHCb E
y w Preliminary W0 F Preliminary 3

~ —— ycos@P— xsi 50001 - 50001 =

y Jespmreind "0\ 4076124 f |\ 4092 +£24f

oo B o B

1000 5 1000 —;

L R S 4 s Oy 3 4 5

Proper Time [psl Proper Time [»&l



Penguin Diagrams: B ¢
In B, sector:

from B2>J/yKO (tree)
sin(2p) = 0.655 £ 0.024

from B2>¢K (penguin)
sin(2) = 0.56*%7 4

For most of the sss final states
theory predicts larger value of
sin(2p) in SM

KKK -
£7980) K' _ Not including LD amplitude
[T FommmTTomnTmTos oo
‘]k | —
B i N
pfl K')
[
 sossTesTTTI—————_
oK' S
___________________________ ——
0 —
............................ ;-W-------------
¢KII :
R T
n,Ku
| I - l | I [ | I _l - l 11 1 1 I | I

03 42 A 0 0.1 0.2 03

W QCDF Beneke, PLB620, 143 (2005)

SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
B QCDF Cheng, Chua and Soni, PRD72, 014006 (2005)
W SU3) Gronau, Rosner and Zupan, PRD74, 093003 (2006)
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In B, sector:

tree b

Penguin Diagrams: B,

penguin

« CPV study in B,2>¢¢ requires very large data samples (~50 fb-! at LHC)

22
20
18
16
14
12
10
8

Events / (15 MeV/c?)

FTJTTT]TLT]TTT IIIIIIIIIIIIIIIIIIIIIIII

LHCb
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Use other similar decays -2 First observation of B,.2K*K* by LHCb

BR(B,>K*K*) = (1.95%0.47+0.66+0.29)x105

on the upper side of expectations
(compare to B,2K*K* observed by BELLE)



Penguin Diagrams  Meanwhile make a test with B 2 awand B, 2 KK

Large penguin contribution in both B,.2KK & B, 2 nr
- Sensitive to NP effects in time-dependent CP
asymmetries (exploit U-spin symmetry)
R.Fleischer, Phys.Lett. B459, 306 (1999)
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 LHCb yields: 27524 B,»n'wr & 333+ 21 B,2> K*K in 37 pb’
c.f. CDFin 1 fb" 1121163 B,2x*n and 1307+64 B.2>K*K-

» Expect first time-dependent measurements in 2011/2012
(including measurement of B, lifetime in CP-even K*K- final state
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CDF: First search for CPV in B, ¢¢ T —

S 90,;— »? I ndt43,79 /35
g 80— T Q
Look for asymmetry in the distributions of CP-odd 570 B 0
P . . £ 60! Yield =295+ 20
variables (triple-products) 2 Ingenious way to measure 3.
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CPV with low stat. samples before any tagged analysis !  «
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Penguin Diagrams: direct CP violation in B /J--'fllf{b__}_" 45
By t J \:ff-{t'{"'ﬁ '
Direct Aop in 2-body B decays have been measured by the T
B-factories and CDF | N TS
- CP violation is well established in B°2>K*n~ Penguin N

(Average Acp=-0.098+%972; ;)
- Acp(B,27K) = 0.39+0.15+£0.08 (CDF with 1 fb7)

Raw CP asymmetry in B> Kx decays: -0.086 + 0.033

As seen by LHCb: ) R
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LHCb preliminary: - N
Acp(BY — K'r) = —0.074 + 0.033 + 0.008
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Acp(BY — 77 K7) =0.15+0.19 £ 0.02 Raw CP asymmetry in B> 7K decays: 0.15 + 0.19
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Penguin Diagrams (prospects with charm): LHCb
L(D° — f) = T(D° - f)
I(D° — f) + (D" — f)

Expect mixing induced CPV to cancel out in the difference as well
as many other systematics (e.g. production and tracking asymmetries):

» Time integrated CPV asymmetries in D>hh’ decays: Acp(f) =

Acp(KK) — Acp(tm) = AW (KK)* — AW ()™ (very clean measurement )

Sensitivity to penguins is retained !

Measure raw asymmetries in flavour tagged samples -
N(D** — D(f)a*) = N(D*~ — D'(f)n")

AR () = j' o
' N(D* — D flat) + N(D*~ — DO(f)n—)
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Expect a factor 5 better sensitivity



Current status: Rare Decays and their helicity structure

By far not fully representative list of topics:
To measure accurately the rates and perform a search:

- B =2 wv, K*vv, efc. (e*e factories are unique to study such decays)

-b > Sy (e"‘e- _factories) __ CDF Run Il Preliminary L=4.4fb"
2221 Yield:27 + 6 (31 expected)

2,5 Mass:5365 + 5 MeV/c?

- Search for FCNC at the tree level 8 5 B 5 ou'u
< <+ Data
516: — Total Fit
- Search for By ; 2 uu (hadron colliders) Gy .
12; Background

To measure helicity structure of the amplitudes 10
~ ~6 O

ol
- B, 2 K*uu, B, =2 ¢uu (possibility of the CPV analysi.| s.

with larger data sample) a
- B, 2 ¢y, B2K"e*e, B,2K*(Kx’)uu 2

3 54 55 56 57
M(upo) (GeVic?)

il

BR(Bs>¢oup)=[1.44+0.33(stat) +0.46(syst)] x 106




B, 2 K*uu

Forward backward asymmetry, Arg, iS extremely

powerful observable for testing SM vs NP

Intriguing hint is emerging !!!
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Current status and prospects

B, 2 uu

BR(B,>up) @ 95% CL

< 4.3x108 (3.7fb")

CDF public note 9892

PLB 693 539 (2010)

2
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g

arXiv:1103.2465v1
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New improved CDF analysis

Twice larger data sample ~7 fb-
Increased muon acceptance

New Neural Network with improved
signal efficiency

Better background prediction

95% CL Limits on B(B, — uy)

T ocor

N ADO
PRD 57 (1998) 3811 () ' 3‘;225"”:::“
Kot | ad |
Expected Observed 5 M T T
- PRL 93 (2004) 032001 (O | o b
= | AR 4 (2005 071802
B 2.0 fb":4.9x10% 5.8x10%5 Riiih et AR
=] PRL 95 (2005) 2218050 . | PRD 76 {2007) |
o 0A92001
1 . -8 -8 1 CDF Public Note 8176 Of-=———F18 093 (2010)
B 3.7 fb' :3.4x10 4.4x10 o : ”7#!&100(2066)‘1619028 3
g .|| CDF Public Note 9892 8 1]
%) CDF Expected Limit O I
T
om

0.01

R e e R e e

Standard Model Expectation

10 100 1000
Luminosity (pb)

10000

Rencontres de Blois 2011 31



4200 4400 4600 4800 5000 5200 5400 5S600 S800 6000 6200 6400

Mu*,w) (MeV/c?)

LHCDb prospects for the 2011/2012 LHC Run

LHCDb current limit is based on zero events in the most sensitive
GL bins: BR(B,2uu) < 5.6%x103% @ 95% CL (37 pb-* of 2010 data)

Geometrical Likelihood vs Mass

Observed distribu
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| GL bin
[0, 0.25] | [0.25, 0.5] | [0.5, 0.75] | [0.75, 1]
}:{; (—60, —40] | 39 T o |
2 [-40,—20] | 55 2 0 0
2 [-20,00 | 73 0 0 0
| £ [0,+20] | 60 0 0 0
i [+20, +40] | 53 2 0 0
= [+40, +60] 55 1 0 0
sum | 335 7 1 0
bkg exp. 329 7.36 1.51 0.081

ATLAS and CMS in particular
should be very competitive

I

Very exciting
sensitivity expected !
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Conclusions

O Thanks to the excellent performance of the LHC machine and
detectors there are exciting prospects in the nearest future !

- Increase of LHC data by a factor of ~ 30 / 100
for LHCb /ATLAS & CMS in 2011

O Also significant updates are expected from
CDF /D0 & BELLE / BaBar

O Very interesting sensitivity reach is guaranteed !

- B 2 pu
- ¢ in B, 2 J/y¢



