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CP-violation : the four parameters

In SM weak charged transitions mix quarks of different generations

Vud Vus Vub
Encoded in unitary CKM matrix Vekny = | Veg Ves Vb
Viek Vis Vi

(.1

. @ 3 generations = 1 phase, only
Vi Vo source of CP-violation in SM

Vea Vo

‘/ud ‘/Llh

Vea Ve @ Wolfenstein parametrisation,

defined to hold to all orders in A
and rephasing invariant

(0,0) (1.0)
o Wl e Vel
|Vud|2+ |Vus|2 |Vud‘2+ |VUS|2

— 4 parameters describing the CKM matrix,
to extract from data under the SM hypothesis
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The inputs

CKM matrix within a frequentist framework (~ x? minimum)
+ specific scheme for theory errors (Rfit)

data = weak ® QCD

—Need for hadronic inputs (often lattice)

| Vid]| superallowed 3 decays PRC79, 055502 (2009)
| Vis| Koz (Flavianet) f(0) = 0.963 &+ 0.003 + 0.005
K—ftv,7— Ku, fkx =156.3 0.3+ 1.9 GeV
[Vus/ V| K —tv/m — v,7 — Ky /T — v fx/f, =1.198 +0.002 + 0.010
€K PDG 08 Bx = 0.733 + 0.003 + 0.036
| Vib| inclusive and exclusive K 10% =3.92 +0.09 + 0.45
| Veo| inclusive and exclusive [ Vel - 10% = 40.89 4+ 0.38 + 0.59
Amg last WA By-By mixing Bg,/Bg, = 1.024 +0.013 £ 0.015
Amg last WA Bs-Bs mixing Bg, = 1.291 4+ 0.025 £+ 0.035
8 last WA J/pK™)
@ last WA nrr, pmr, pp isospin
v last WA B — D™ K() GLW/ADS/GGSZ
B—rv (1.68+0.31)-10°* fss/fs, = 1.218 + 0.008 & 0.033
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fa, = 229 + 2 + 6 MeV
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@ Improved treatment of nuisance (hadronic) parameters
@ Update in ADS inputs from Belle and CDF (2011)
@ Inclusion of ADS from LHCb (2012)

VM -~ D()K() GLW + ADS e -~ DO)K() GLW + ADS
Set Dy K(*) GGSZ 3 Combined Winter 12 -- D K(*)GGSz @3 Comb|.ned
Ul Frequentist reaiment on MG basis e CKM fit Full Frequentist treatment on MC basis —— CKM fit
1.0 T T T T T R e A AL A RS
’ - 08 — -
a 1 2 06 1
° 3
; g
- ] & o4 ]
] 02 1
A S U S P - A N ]
o 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Y (deg) Y (deg)
Summer 10 Summer 11 Winter 12

ylcomb] = (7173})° ~ylcomb] = (6871%)° ~y[comb] = (66113)°
~[fit] = (67.2733)° ~[fit] = (67.3752)° ~[fit] = (67.1733)°
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K — K mixing in the SM

Impact of the statistical treatment of theoretical inputs on ek
Res ‘ Vcb‘a Bk, Tlet,ce,tts mc,t

. -~ Gaussian uncer.
erstn . [ Rfit uncer. —— Meas.

onlV I,B K, M ,m.,
1.0 e e

0.8

0.6

-CL

0.4

0.2

UL N O O (W WA Loy 1]

.0012 0.0014 0.0016 0.0018 0.0020 0.0022 0.0024 0.0026 0.0028 0.0030
le, | (meas. not in the fit)

o[ T T T T T T T T I T I Tl

@ Gaussian error: 1.6 o discrepancy

@ Rifit error: no discrepancy
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Ne/M = Prediction for Br(B,—~uu)

1.0

0.8 -

06 |

p-value

04 [

02|

0.0
2.8 3.0 3.2 34 3.6 3.8 4.0 4.2

Br(B,—~>uw) [10°]
@ Prediction: Br(Bs — ) = (3.647331) - 107°
@ 95% CL bounds: < 4.5-1079 [LHCb] and 7.7 - 10~° [CMS]
[see R. Fleischer’s talk]



Predictions for Br(Bs — )

G2 a 2 4m?
Br(Bs — ptu~) =1 F<> famp.m? |1 — —2| Vi Vis|?n2 Y2 (x,
(Bs — ™) Bs p 47rsin29W BB M, m255| i Vis|“ny Y<(Xt)

fg, constrained indirectly by Ams and Bp, (both precisely known)

Br(Bs — ptu~) 6w « 2 m2 g, Y2(x)
Amg - g (47rsin2 9W> m%y BBS S(xt)

Inserting our Summer 11 best-fit values for the inputs
and comparing with [Buras et al 10]

Value % Buras et al. 10

AMs

Bs, 1.248 1.33
() (GeV) — 164.8 163.5
Ams (ps~1) 17.73 17.77
78, (PS) 1.472 1.425

Br(Bs — pup) 3.6-107° 3.2.107°
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Another unitarity friangle

0.10 T L e o B
L %.é Eg excluded area has CL>0.95 | —|
L ‘%t‘ 4
|- % 'Y -
[ i 7
0.05 = Am &Am, | ]
EAmy i
[ a |Vub| o ]
& 0.00 - : |
1= 000 R ng ; i
-0.05 bt 0 N
e sin 2B+
. € -
I CK « v i
L Wnertz 3 By |

_0.10 L L L L ‘ L L ‘ L L ‘ 1 L L L

-0.10 -0.05 0.00 0.05 0.10
sz
— V Vi Vis Vs
+ i = ar A
PBs nBs & Veb Vcs
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CPV, SM and NP

SM mechanism for
CP-violation encoded
in CKM matrix
describes efficiently By
and Bg systems ?

Not exactly:
@ sin(25) vs B — tv
® Ast
® (8, ATs) (?)
discrepancies which

could be related to
meson mixing

11/06/12

9



Global fit 2., drops by 2.8 if sin 23z or B — 7v removed

10° p-value
— T

0.30 K10 —— - g 10
: | oo
025 [ -
F 1 [Hos
L ] 0.7
— 020~ -
g F 1 Flos
! 015 [ 1Hos @
[11] F q RN ]
= L ] =4
5 r b 0.4 &
0.10 — — e
F { o3
L ] 0.2
005 [ —
[ 1 Wo1
[ et 1
Py S R R B B 0.0 PN I el
05 08 X2 08 09 10 0.15 0.20 0.25 030
sin 2 fg, x Sart[B_ ] (GeV)
5

Issue not only the value of fg, since 2.90 discrepancy from

Br(B—rtv) 3m m27g B ﬁ ? sin? 3 1
Amg 4 m2,msS[x| m2 ) sin?(a + B) |Vudl?Bg,
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sin(26) vs B — Tv

X 3 CKM fit w/o BR(B —tv) X 3 Prediction for BBd
Winter 12 —— Measurements (WA) Winter 12 —— Lattice value

p-value
p-value

0.6 0.8 1.0 1.2 14 16 1.8 20 22 24
BR(B—tv) x10*

Possible explanations for this discrepancy
@ Br(B — tv) measurement incorrect (2.6 o) ?
@ Correlated error in lattice values for fg, (2.6 o) and Bg, (2.7 o) ?
@ NP in decay (not 2HDMII [O. Deschamps et al. 10, Babar 12]) ?
@ New physics in mixing ?
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3002

> bg bdibs :
-0.02 - = B Factory W.A.
bd/bs I DG B—~uDX
w n- Do A}

b
004l DOAIS%CL.

DG, 9.0 [ ‘
0.04 0.02 0 0.02
ag

@ Same-sign dimuon charge asymmetry yields Ag; DY, CDF
(—8.5+2.8)-1073[2010] — (-7.4+1.9)- 1073 [2011]

@ Linear comb. of semileptonic (flavour specific) asym. for By s
[(Bg(t)—£+vX)—T (Bg(t)—L~vX
[(Bg(t)—£tvX)+T(Bg(t)—4—vX
@ Discrepancy from SM expectation Ag; = —(0.20 +0.03) - 103
[Lenz, Nierste 11]

agL = ; # 0 = CPV in mixing
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Angular analysis of Bs — J/4¢ to measure (¢gs, Al gs)
In SM, d)BS — _2/83 - 2 . arg( Vcsvgb/vts V;;)) - _210 :I: 0.10

0.6 CDF Run ll Prel. 2.8 ib"'+DO 281"

68% CL
95% CL
99% CL

S|

-0.4

2P5 10 05 00 05 10 15
B3,/ [rad]

@ 2010 CDF/D@ ¢ € [-67.6°, —30.9°|U[—148.9°, —111.1°]




¢Bs

Angular analysis of Bs — J/v¢¢ to measure (¢ps, Al gs)
In SM, ¢ps — —20s = 2 - arg(Ves Vi, / Vis Vi) = —2.1° £ 0.1°

%;'n.s—‘ T e 4 Preliminary
% —— 68% CL ‘—T 04 DG, 6.1 b 61 =-042+0.18
- T o4l —>— SMexpectation 1 AE 0 Sp= 3.01%0.14
LHCh 0.4 @ 0 2
2o /a\ o 17 - symmeteytine B BB~ J/e AM, = 17.77+0.12 ps”}
o I+ )i —-90% CL 02 o 1 5 02F — y
J o ) 95% CL. n ,fO,.’ q E . 68% CL
2= ®_Standard Modgl v ,C 00— T
P L] E
o o 0.2 &
04 1 E,
Mixing Induced CP Violation 04 E
0 0.6 1 : L
| I | | I |
o 2 4 rad] A5 4 05 0 05 1 15 3 2 1 0 1 2 3
@ Byve [rad] $2¥[rad]

@ 2011 a series of results dominated by LHCb

DO (6.1 fb"): ¢ps = —43.5° 1508, +£1.2°

CDF (5.2 fb~"): ¢gs € [-59.6°, —2.3°]

LHCb J/¢fy (0.4 fo~"): ¢gs = —25.2° £25.2° £ 1.2°
LHCb J/v¢ (0.4 fo~"): ¢ps = 8.6° +10.3° £ 3.4°
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¢Bs

Angular analysis of Bs — J/1¢ to measure (¢gs, Al gs)
In SM, ¢BS — —Zﬁs = 2 . arg( VCS V:b/ Vts V;Z) = —2.10 :I: 0.10

¢ Standard Model [ oo 8fb’

04? — 68%CL
T LHCb 03fb"
02; / ) | LHCb 1!
g
~ 00f- S Y
3 b S
02f
04 7
E | ! L - n
3 2 -1 0 1 2 3
@ 2012 updates 4% (rad)

o DO (8.0 b~ "): pgs = —32°12,
o CDF (9.6 fo~"): ¢gs € [-34°, —7°]
@ LHCb J/¢¢ (110~ "): ¢pgs = —0.1° +5.8° + 1.5°
o LHCb J/yK+*K~ (1fo~'): AT¢ >0
@ here: combine available LHCb and CDF (¢gs, Al's) likelihoods
[LHCb: 0.4 fb~'! (2011) and 1 fb—! (2012), CDF: 5.2 fb~ 1]
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B — B system

A 1By(D) \ _ (nga_ g\ ( |Bq())
gt 1By(1)) )= (M7 -5 1Bq(1)) )

@ Non-hermitian Hamiltonian (only 2 states) but M and I' hermitian
@ Mixing due to non-diagonal terms M{, — ir{,/2

— Diagonalisation: physical |B}; ;) = p|Bq) F q|Bq)
of masses M}, , widths '}, ,

q
In terms of M{,, |F{,| and ¢4 = arg (—%) [using [I],] < [M7,]]
12

@ Mass difference Amg = M, — M} ~ 2|M7,|
@ Width difference Alq =] — '}, ~ 2|T7,| cos(¢q)

q _ [(By(t)=ttvX)—T(Bg(t)—=tvX) _ Ml o _ Alg
® g = FBa -t oX) T (Ba(t) =t o) ~ M S P4~ Bmg
@ Phase from mixing in time-dep CP analyses _

q/p = —Mf; /|M,| = —e~"*%
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Computing neutral mixing in SM at NLO

Eff. Hamiltonian % %~ A
integrating out N
heavy W, Z, t - . S

. 1 _ _
Asa—z = (BIHGE2IB) 5 [ dxdy (BITHEF (OMEF (1)|B)

) Mfz dominated by dispersive part of top boxes [Re[loops]]
e related to heavy virtual states (fi...)
@ one operator at LO: Q = q;v,.b gy by
o arg(My,) CKM phase: ¢g, = 263, ¢5, = —20s

- I'?z dominated by absorptive part of charm boxes [Im[loops]]

[Beneke et al 1996-03, Ciuchini et al. 03]
e common B and B decay channels into final states with ¢ pair
@ non local contribution, computed assuming quark-hadron duality
and expanded in 1/my, and «; series of local operators

e two operators at LO: Q and Qs = g{"bag, b
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Uncertainties

Choice of operators Q and Qg important to compute I'1»

depending mainly on Q, taming 1/mj-corrections

[Nierste and Lenz 2006]

Arsold T

mp I1Vub/Vebl

fas

contrib. from Q and
Qs (bag params.)
° mzow’ B1/mb
1/my-suppressed,
unknown contrib.

@ 1 renormalisation
scale O(mp,)

ATs = flfgs, B, Bs; i, M} By/m, - . ]
ATg/Amg = f[Bs/B; By /m,, My u, .. ]
a;ggL = f[BS/Bv | Vub/ VCb|777 My FnCv B1/mb .. ]

S. Descotes-Genon (LPT-Orsay) CPV, SM and NP 11/06/12
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New Physics in AF =2

@ My, dominated by (virtual) top boxes
[affected by NP, e.g., if heavy new particles in the box]

@ 1o dominated by tree decays into (real) charm states
[affected by NP if changes in (constrained) tree-level decays]

@ Tree level (4 diff flavours) processes not affected by New Physics

Model-independent parametrisation under the assumption that NP
only changes modulus and phase of Mf’z and M7,

VAN
M, = (Mi)sm x Bg  Dg = |Agle"

affects Amg (< |Aql), @, (< Ag), ATg and ¢g, (< ¢5)

[A. Lenz et al., Phys.Rev. D83 (2011) 036004 and arXiv:1203.0238]

= 3 scenarios, focus on Sc. | where Ay and Ag independent
S. Descotes-Genon (LPT-Orsay) CPV, SM and NP 11/06/12 19



Fixing the CKM part

Observables not affected by NP, used to fix CKM :
|Vud‘1 |VUS‘! |Vub|s |VCb|s Y and 7(04) =T o= 6 (QSBd CanceIS)

Observables affected by NP,
used to determine Ay, Ag

e LT ] @ Neutral-meson oscillation
Amd,S

os|- IV bt @ Lifetime difference Al'y s
: : 1 @ Time-dep asymmetries

1= 0.0 L A
i ] related to ¢, = 23 + ¢35,
" ] — A
-0.5:7 v &y() & IV I 1 ¢Bs - _263 + ¢S
Wb @ Semileptonic asymmetries
or - | | d gs
e i dgy» dg1s AsL

_1{’1.0‘ - ‘-o‘.s‘ - ‘o.o‘ - ‘o.‘s‘ - ‘1.‘0‘ - ‘1.‘5‘ - ‘;.o Q@ a=m— ,8 -7 — ¢§/2
(interference between

decay and mixing)
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Some of the theoretical inputs

@ By, Bs, fg,, fg, parameters
our average of unquenched 2 and 2+1 lattice estimates

@ Bag parameters for scalar operators from quenched lattice QCD
[Becirevic et al. 02, updated expected from several lattice collaborations:
preliminary results from HPQCD, ongoing work from MILC and ETMC]

BS(mp)/BE(mp) =1.004+0.03 BE(mp) =1.40+0.13

@ 1/my, suppressed operators: bag parameters (vacuum insertion
approximation) and power correction scale

Bri(mp) =1.0+£05  m®™ =4.70+0.10 GeV

@ charm mass from o(ete~ — cc) sum rules to 3- and 4-loops
[Steinhauser, Kiihn 01-04, Jamin, Hoang 04, Dehnadi et al 11]

o(Me) = 1.286 £ 0.013 £ 0.040 GeV
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By mixing (2010)

ety | | T [Constraints @ 68% CL

@ Dominant constraint
R from 5 and Amy (2 rings
Sl ] from 2 sol for UT apex)
] @ Discrepancy from
i’ 4+26y) ] Br(B — TI/) shifts 6

R constraint from real axis
A 8 ag (B)&a, (B) ] @ Disagreement with SM
1 driven in same dir by
Br(B — rv)and Ag,

ImA,
o
\

-

Ko7/ New Physics in B_ - B, mixing |

-1 0 1 2 3
Re A,

2D SM hypothesis (Ag=1+1i-0):2.7 ¢

'
[N

r{:\\‘\\\\‘\\\\
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[Constraints @ 68% CL]

@ Dominant constraint
from 5 and Amy

@ Discrepancy from
Br(B — Tv) shifts g
constraint from real axis

@ Disagreement with SM
driven in same dir by
Br(B — 1v) and Ag;

@ Improvement of ~, and
thus contraint from
a=71-f0-y-9¢5/2

ImA,

Re A,
2D SM hypothesis (Ag=1+i-0):3.2¢

T ——— oy s and R



[Constraints @ 68% CL]

@ Dominant constraint
from g and Amy

@ Discrepancy from
Br(B — Tv) shifts g
constraint from real axis

@ Disagreement with SM
driven in same dir by
Br(B — 7'1/) and ASL

@ New results on v and
a=m—03-7-95/2

ImA,

Re A,
2D SM hypothesis (Ag=1+1i-0):3.00¢
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AT &TES

SM point

ImAg

[Constraints @ 68% CL]
@ Dominant constraints
from Amg and ¢g
@ Disagreement with SM
driven by ¢s and Ag.
@ In the same direction as
for By mixing

2D SM hypothesis (As =1+1i-0):2.7 o
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Bs mixing (2011)

eexcluded area has CL > 0.68 [Constraints @ 680/0 CL]
@ Dominant constraints
from Amg and ¢s

@ Disagreement with SM
driven by Ag; alone

@ and in mild
disagreement with ¢,
which favours SM
situation

Im A,
o

End of 2011

2D SM hypothesis (As =1+ 1i-0): 0.8¢
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Bs mixing (2012)

[Constraints @ 68% CL]
@ Dominant constraints
from Amg and ¢g

@ Disagreement with SM
driven by Ag; alone

| L ———
excluded area has CL > 0.68

AT &18

SM point

Im A,
o
I

"""""""""""" gy @ and in disagreement
' with ¢g, which favours
SM situation

@ but still room for NP
¢ =(0M%)> at3 o
@ Alg > 0 kills 2nd sol

New Physics in B, - B mixing !

2D SM hypothesis (As =1+17-0): 0.0 o
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A -~ prev ASL(WA)
simmerio . [ new ASL(WA) ~— D0 6.1 fb-1

1
1 [Lindirect it prediction with NP in BB,mixing CDF 5.2 fb

5-2B, (deg)

68 — 28 = (—12713)°  or  (-5811Iy



3 from ASL @ CDF and DO
Summer 11
Indirect fit prediction with NP in B -Eq mixing
1.0 e
*SM (pred) ]
+DO0 (8.0 fb™) i
=CDF (5.2fb") ]
E ALHCb (0.3 b ]
s ]
o -
—a|
P R B
-150 -100 -50 0 50 100 150

$2-2 B (deg)

¢ — 205 = (—12413,)°  or  (-62F}*y°



p-value

1.0

0.8

0.6

04

0.2

0.0

HeXVM [ from ASL @ CDF and DO
© Winter 2012

Indirect fit prediction with NP in B _-B, mixing
q

L I n
L *SM (pred) ]
C +DO0 (8.0 fb) i
[ =CDF (5.2fb™) ]
C ALHCb (1 fb™) ]
[ e > ]
L ]
R IR B M A B B
-150 -100 -50 0 50 100 150

-2, (deg)

95 — 285 = (-5713)°



KM = rom o2,
" Winter 2012
indirect fit prediction with NP in B -Eq mixing
1.0 P T T T T e T T
L * SM (pred) ]
08 - + DO (9fbY) ]
L = CDF(1.6fb7") ]
g 06 - T
© = 4
> L i
o 04 —
L — ]
02 - .
[ J) A BN AR N IR BN B
-0.020 -0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020

ASL

As. = (—15.613%5)-107*



A few predictions for Scenario |

Quantity 1o KTo
Re(Aq) 0.82319183 0.827%5¢8
Im(Aq) —0-199§§§3§ —o.zo%‘(’%;ég
|Aq] 0.8679 1" 0.8679%
¢g [deg] 134755 1347
Re(As) 0.965% g o.97t+%1§532
) oo BB eae
A 0.977%% 0.98%%
Lﬁﬁsédeg] ot “orfe”
o5 + 23 [deg] (1) 17772 17780
¢2 — 285 [deg] (1) —56.871%:9 —57.7¢8
Ast [10-] () 15,693 —16°%
ag —ag [107] 336155 345
as, (10771 () —33.275%¢ 3372
ag [107] (Y 0.4+62 020
Ard[ps*:] 0.00480t%;‘3%%7272g 0.0048 59020
ATs[ps~] 0104735 0104755
B—rv [107*]() 13417555 1.347G%

(1): prediction made without including measurement
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Role of measurements

Pull: deviation between meas. and prediction (w/o meas.) in a model

Quantity SM  Sc.| e If given the possibility,
o5 +2p 270 210  Sc. ltriesto

5 — 2835 030 270  accomodate data by
Ast 370 300 modifying ¢s or Ag.
ag 090 030 ¢ gc. Inotable to

ag, 020 020  gccomodate

Al 000 040 ¢2 — 285 and Ag, at
Br(B — tv) 280 11¢o the same time

(‘ZZ(? ;ﬁ;”}é)\’sf‘& gg Z g? Z @ but can accomodate

one of the two and

Br(B — Tv), d)sA —205,Ast 400 240 Br(B — 1)

4D SM hypothesis (Ag = As=1+1i-0):2.4 0
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New physics also in 5, ?

S

r

Could solve Ag,, but Al¢ deviates w.r.t. SM and AB = 1 modified

7, My, Inclusive 7(Bs)/7(By)
Change in Cabibbo Favoured b — ccs or new decay mode affects
@ Inclusive By and BT quantities
@ s and thus 7(Bs)/7(By)

@ M7, (same box diagrams with same particles as I'§,), thus Ams
(all in agreement with SM)

No model-independent way of connecting I'$,, 5, M{,

r
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New physics also in %, ?

rd,
Amg =2|M%| ATy =2l cos(¢g)  a% = ﬁ sin(¢q)

12
Could solve Ag;, with deviation of ATy w.r.t. SM (but not measured)

Inclusive

Change in Cabibbo Suppressed b — ccd modes would
@ barely affect inclusive By and B* quantities
@ barely affect I'y and thus 7(Bs)/7(By)

@ impact Mg, (same box diag with same particles as I'¢,), thus Amy
=—evaded via chirality suppression (?)

NP in b — ccd interesting: to be checked through a3t, non-lept ?

S. Descotes-Genon (LPT-Orsay) CPV, SM and NP 11/06/12 &5



A fourth scenario

Extending Sc. | to allow NP in '], parametrised by

Im(,)

/M,

Re(T"/ M%)

Re 44,Im 4 <

R
SM

-value
P 1.0

-10

New Physics Scenario IV ||

Im(5)

10

0 5
Im@,)

10

AT 4/Amy,

q
—ds

SM SM’ SM SM
ATEM/AMSV ATSM/ AMS

o

-value
L 1.0

New Physics Scenario IV | 0.1

2 A 0 1

Re(d)

2

3

8D SMhyp (Ags=1+1i-0, 54 =1+0.097i, 55 = 1 — 0.0057i): 2.60

Sc. IV with §s = 65V needs “too” large Iméy = 1.60"
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1.02
—0.76

[ad, ~ Agi]
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Conclusions

Interesting recent data concerning neutral meson mixing
@ Discrepancy in SM for Br(B — tv) vs sin23 [new B — Tv (Belle)]
@ Discrepancy in SM for Ag; [separate agL and a3, (LHCb)]
@ (fs,ATs) [more from LHCb 7]

Scenarios of NP in AF =2
@ Still room for sizeable NP contribution in Bs system at 3o
@ Conflict between current Ag; and ¢s not solved by NP in M, only
@ Could be solved by NP in I'{,, however related also to AF = 1

@ NP in I'{, affects other SM-compatible observables in mixing
(Amg, Al'g, T'g) as well as in b — s decays

@ NP in r;fz more interesting since Cabibbo suppression helps for
many constraints, to be checked with aCS’L and non-leptonic decays
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More

More plots and results available on
http://ckmfitter.in2p3.fr

J. Charles, Theory
O. Deschamps, LHCb
SDG, Theory
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Back-up




@ LHCb results for C(n7) and S(7r) presented at Moriond 2012
@ Belle results for Br(nr) and Br(ntx0) presented at EPS2011

@ - B — mun/pp/pr (BABAR)
fitter
Worondos . - -~ B — nn/pp/pr (Belle)
3 B — an/pplpn (WA)
1.0 I ) AR RN R RENE 1.0
0s |- 08
C CKM fit
3 "°F o cmas. i the it g os
1 r g
T o4 & 04
[ ; i
02 |- A ;4 02
00 &:r ! | Loy '”‘ Ny I A ,/: 00
) 20 40 60 80 100 120 140 160 180 .
a (deg)
Summer 11

afcomb] = (89.01“1:‘21')0
offit] = (90.9133)°
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\l;u L L ual 3 Ll
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a (deg)
Winter 12
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Three discrepancies in 2010

0.6 CDF Runli Prel. 281 '+DQ 281" af
T 68% CL

Q@ 95% CL

-&0'4 99% CL

r}

4 0.2
cova b b b bl b |
-0.04-0.03-0.02-0.01 0 0.01

-0—'?5 -1.0 -0.5 0.0 0.5 1.0 1.5 ag

(AT s, ¢s) 32" [rad]

— B Factories

0.4 EDO B—D, 1 X

i d S
Linear comb of ag, and ag;

@ B— trvssin2g 1D constraint : 2.6 o
@ (s from Bs — J/v¢ and 7rg (null test) 1D constraint: 2.1 ¢
@ Ag (null test) 1D constraint: 2.9 ¢

[pre-ICHEP10 (s, Al's), since no CDF/D@ updated average]
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Two discrepancies in 2011

g 0.02
— T
8 o LHCb ?.,\~.,\ ¥ best fit -
= L /a\* — 68% CL |
[ i ’A\"-. —-90% CL 0
< 0y W e 95% CL 7 .
L Rt ® Standard Modgl
0 -0.02 - = B Factory W.A.
SR [l p@ B—~uD X
04 LN 5 Do A}
| \\U} i 004l DO A 95% C.L.
-0. R D@, 90m"
. . . . -0.04 -0.02 0 0.02
0 2 4 ] ay
@, _
(ATs, ¢s) Linear comb of a4, and a$,;
@ B— trvssin2g 1D constraint : 2.8 o
@ (s from Bs — J/v¢ and 7rg (null test) 1D constraint: 1.0 o
@ Ag (null test) 1D constraint : 3.7 o

[CDF(5.2 fb~1)/LHCb(0.4 fb~T) (B, AT s) average from Bs — J/v¢]
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Two discrepancies in 2012

g 0.02
0af 4 Standard Model O oo 8fb!
TE — 68%CL - [J coF  10fb
"7 95%CL [ LHCb 03fb"!
o2f [] LHCb  1fb! 0

t == B Factory W.A.

N s :
R -0.02
[T @ B—~ub X

M po A}

AT (ps™)

004l DO A} 95% C.L.
3 2 . 0 : 2 3 Do,90 "
oM (rad) -0.04 -0.02 0 2302
(AT, ¢s) Linear comb of ag, and ag,
@ B— trvssin2g 1D constraint : 2.8 o
@ (s from Bs — J/v¢ and 7rg (null test) 1D constraint : 0.3 o
@ Ag (null test) 1D constraint : 3.7 o

[CDF(5.2 fb~1)/LHCb(1 fb~) (s, ATs) average from Bs — J/1¢]
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Measurement of Al's >0

Two solutions for (¢s, Al'g) from Bs — JV¢
@ Sol I: ¢s =~ 0, |Bsy (1)) almost aligned with CP = +1(—1), Al >0
@ Sol Il: ¢s >~ 7, |Bs () almost aligned with CP = —1(+1), ATs <0

BY — J/WKTK~ [LHCb 12]

@ P-wave final state

3 P-wave, with g — 6p expected
to decrease rapidly around ¢

EA £ superposition of CP = +1 and
W& 4E LHCb (S

£ o CP = -1

17 : solution | @ S-wave final state CP = —1

3, —1 o solution @ Interference between S- and

e Lo L e Lo e b Loy
1000 1010 1020 1030 1040 1050

m« V) — Sol | is preferred
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Tagged vs untagged analyses for Bg decays

@ Theoretical branching ratios computed at t = 0 (no Bs mixing)
@ Untagged analyses with single decay time t € [0, oo [LHCDb]

<runtagged(t)>CP = %[runtagged(B(t) — f)+ rum‘agged(B(t) — )]

2 |42
AR AR

2
@ Entangled pairs with 2 decay times tcp and ti,g [B-factories]

rtagged(B(t) - f) from runtagged(B(t) - f) with
exp(—It) — exp(-T[t])  t=tcp — tag €] — 00, 00]
[BaBar Physics Book, SDG et al 11, De Bruyn et al 12]

ATt . ATt
cosh T + Aar sinh T]

” 1 AT
/;oo (Mtaggea(B(t) — f))cp = Br(Bs — f)theoq Vs = 2l
b 14+ YA
/ <runtagged(B(f) — f)cp) = Br(Bs — f)theo1¢y2Ar
° — Js

S. Descotes-Genon (LPT-Orsay) CPV, SM and NP 11/06/12 45



What Br(Bs — f) means

@ Theoretically: CP-average at fixed t =0
@ Experimentally: CP-average integrated over t (including mixing)

O(AT /T s) difference [SDG et al 11, De Bruyn et al 12]
@ Tagged analyses with entangled pairs @ B-factories
Al
Br(Bs - f)theo = (1 - ysz)Br(Bs - f)exp,tag Vs = 2rs
S

@ Untagged analyses @ LHCb

1-y3
=—>—Br(B _’fex unta
1+AfAr}/s (B ) puntag

[(Bs(t) — )+ T(Bs(t) — f) = & ™/2(1 + Ajr) + & /21 — Ayr)

Br(Bs - f)theo

For SM Bs — pupu, Al = 1 enhances the effect [De Bruyn et al 12]

Br(Bs - Mﬂ)theo ~0.91- Br(BS - ,u/l)exp,untag

bringing exp. bounds on Br(Bs — pu) closer to theoretical predictions
S. Descotes-Genon (LPT-Orsay) CPV, SM and NP 11/06/12 46



Three different NP scenarios for eff. Hamiltonian

@ Minimal Flavour Violat. with small bottom Yukawa coupling (sc Il)
HIABI=2 = (Vi Vip)?CQ + h.c.  Creal

A4 = Ag real, related to K-meson mixing

@ MFV with large bottom Yukawa coupling (sc III)
HIABI=2 — (Vi Vip)?[CQ + CsQs + CsQs] + h.c.

Ay = Ag complex, unrelated to K-meson mixing

@ Non Minimal Flavour Violation (sc I)
HIABI=2 = (Vi Vip)2CqQ + h.c.

Ay, Ag complex independent, unrelated to K-meson mixing

—>Will focus mainly on the latter scenario in the following
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Scenario lll (in 2010)

LA L L LA L N B
excluded area has CL >0.68

[ ]
1 [Constraints @ 68% CL]
‘} SMpoint * @ Minimal Flavour
- [ / ] Violation with large
e e : bottom Yukawa coupling

@ Ay = As= A complex

@ All three discrepancies
in the same direction

Ag &ay(B)&a(B)

% Ngw Physics in B - B mixing ]
T I
2 -1 0 1 2 3

Re A

2D SM hypothesis (A =1 +1i-0): 3.30
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Scenario lll (in 2011)

crr ey [Constraints @ 68% CL
2 3 ] @ Minimal Flavour
i ] Violation with large
T 1 SM point ] bottom Yukawa coupling
- E Ay & Am, / a @ Ay = As = A complex
o —_— o N .
E [E ° dlscrepancy' among data
5 ] more acute in this
- b N scenario: Ag; in one
r N 4 1 direction, Bs — J/¢¢ in
2 % New Physics in B - B mixing | another, with SII’](2,8)
S N R B R standing in the middle
-2 -1 0 1 2 3
Re A

2D SM hypothesis (A =1+1i-0): 2.70
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Scenario lll (in 2012)

‘exc\‘we;avéahe‘scLo‘se‘ T [ - T T ] [ConStrain’[S @ 680/0 CL]
| @ Minimal Flavour
Violation with large

SM point . bottom Yukawa coupling

ain, s am, o, @ Ay = Ag= A complex
rrrrrrrrrrrrrrrrrrrrrrrrrrr B N B @ discrepancy among data

. more acute in this

] scenario: Ag, in one

] direction, Bs — J/1¢ in
fiier Néw Physics in B - B mixing E another, with sin(Zﬂ)

A B R R standing in the middle
- 0 1 2 3

Re A

ImA
I

-

A &Ay(H)&A (B)

)

r{;\\‘\\\\‘\\\\
-

2D SM hypothesis (A =1+1i-0): 210
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Measurement of Al's >0

Two solutions for (¢s, Al'g) from Bs — JV¢
@ Sol I: ¢s =~ 0, |Bsy (1)) almost aligned with CP = +1(—1), Al >0
@ Sol Il: ¢s >~ 7, |Bs () almost aligned with CP = —1(+1), ATs <0

BY — J/WKTK~ [LHCb 12]

@ P-wave final state

3 P-wave, with g — 6p expected
to decrease rapidly around ¢

EA £ superposition of CP = +1 and
W& 4E LHCb (S

£ o CP = -1

17 : solution | @ S-wave final state CP = —1

3, —1 o solution @ Interference between S- and

e Lo L e Lo e b Loy
1000 1010 1020 1030 1040 1050

m« V) — Sol | is preferred
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Example of NP in I'$,

@ 77 intermediate states due to NP (bs)(77) operators,
chirality suppression to tame contribution to M5,

@ Eff. Hamiltonian analysis of b — sv, b — s¢t¢~, b — syvy
room for scalar or vector ops. able to enhance |I'5,| by 30-40%

05

02 r
00, ,.:""::4'
01 % ] e
-05 T T ] =

& | o

S 00 i t T

—1.5] | LQ I;

—0.1 o L
20

~150 -i00 50 0 %0 I [Haisch, Bobeth 11]

Buo 0]

@ But My, and I, correlated in specmc models (e.g., SU(2) singlet
scalar leptoquark) making it difficult to accomodate all data
@ General problem for (M$,)np/(T5,)np real, linking Ams, ATs, ag;
[weakest Amg constraint if light NP scale or GIM-like mechanism]
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Lattice : Averages

Consistent averages of lattice results for hadronic quantities needed
= we perform our own averages

@ Collecting lattice results
@ only unquenched results with 2 or 2+1 dynamical fermions
@ papers and proceedings (but not preliminary results)
@ Splitting error estimates into stat and syst
e Stat : essentially related to size of gauge conf
@ Syst : fermion action, a — 0, L — oo, mass extrapolations. ..
added linearly when error budget available
@ Potential problems
@ proceedings not always followed by peer-reviewed papers
@ some syst estimates controversial within lattice community
(staggered action, extrapolations...)
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Latfice : Averaging procedure

“Educated Rfit” used to combine the results, with different treament of
statistical and systematic errors

@ product of (Gaussian + Rfit) likelihoods for central value

@ product of Gaussian (stat) likelihoods for stat uncertainty

@ syst uncertainty of the combination

= the one of the most precise method

Conservative, algorithmic procedure with internal logic for syst
@ the present state of art cannot allow us to reach a better
theoretical accuracy than the best of all estimates

(combining 2 methods with similar syst does not reduce the intrinsic
uncertainty encoded as a systematic)

@ best estimate should not be penalized by less precise methods
(opposed, e.g., to combined syst = dispersion of central values)

S. Descotes-Genon (LPT-Orsay) CPV, SM and NP

11/06/12 55



Lattice : Our average for BYS(2 GeV)

Reference N Mean Stat  Syst
JLQCDO08 2 0537 0.004 0.072
ETMC10 2 0532 0.019 0.026
HPQCD/UKQCDO06 2+1 0.618 0.018 0.179
ALVdW09 2+1 0.527 0.006 0.035
RBC/UKQCD10 2+1 0.549 0.005 0.038
SWME11 2+1 0.530 0.003 0.052
Our average 0.534 0.002 0.026
Our average for BK 0.732 0.003 0.036

@ Other values proposed: 0.767 +0.010 (latticeaverages.org)

0.738 + 0.020 (FLAG), 0.731 £ 0.035 (UTfit)...

@ Method used for By and Bs decay constants, bag parameters,

form factors. ..
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Lattice : Our average for B

Reference N Mean Stat  Syst
JLQCDO3 2 1.299 0.03¢ 01
HPQCD0O6  2+1 1.187 0.086 0.108
HPQCD09  2+1 1.322 0.040 0.035
Our average 1.291 0.025 0.035
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| Vup| inClusive and exclusive

Two ways of getting | V|
@ Inclusive : b — ufv + Operator Product Expansion
@ Exclusive : B — wfv + Form factors

B e = CKmit
_ +0.21 incl. wio IV
’Vub’inc = 4-32_0,24i0-45 1oCI ]
\Viplexe = 3.51+£0.10+£0.46 o | ;
|Viplave = 3.92+0.09+045 ~*¢ 3
with all values x10~° s s S e e e

IVubl

Discrepancy depends on statistical treatment:
@ discrepancy solved once systematics combined in Educated Rfit
@ same problem for | V|
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Inferesting penguin-mediated decays

Penguin-mediated decays provide way to check “NP in AF = 2” hyp.
[SDG, Matias, Virto 2011]

Consider tree and penguin decomposition of Bo — K°K® (Q = d, s)

A=ABg — K'K®) = VypViqT + VepVi,P

A=ABg — K°K®) = Vi VyqT + Vi VP b—q(= Q)
Only penguin diagrams

no contrib. from W-exch. (Os )

Difference between tree and
penguin from u, ¢, t quarks in loop

=6 = T — P dominated by short-distance physics
computed fairly accurately within QCD factorisation (exp. in as, 1/myp)

5(By — K°K®) = (1.09+0.43)-1077 4 i(—3.02+0.97) - 10~ 'GeV
5(Bs — K°K®%) = (1.03+0.41)-1077 +i(—2.85+0.93) - 10 'GeV
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Various penguin-mediated modes of inferest

Channel 6] (10~7 GeV)
By — KK | (3.23+1.16)
Bs — KK | (3.05+1.11)
By — K¢ | (2.32+1.00)
By — KK* | (2.29 +0.93)
By — K*K | (0.41+0.60)
Bs — KK* | (2.16 +0.89)
Bs — K*K | (0.36 + 0.53)
By — K*K* | (1.85+0.93)
Bs — K*K* | (1.62+0.81)
By — K*¢ | (1.92+1.03)
Bs — ¢K* | (1.87 +0.94)
Bs — ¢¢ | (3.86+2.09)
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@ Penguin modes for Bg
decaying through b — g
transition (Q,q = d, s)

@ For VV modes, only
observables for a
longitudinally polarised final
states (transverse polar.
are 1/mp-suppressed, only
modelled in QCD
factorisation)

@ Which requires one to
translate measurements
into “longitudinal
observables” (BR,
asymmetries)
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Relafing § = T — P and observables

In terms of A= A(Bg — M{M) and A = A(Bg — M;M,)
@ b — q penguin mediated decay into state of CP-parity 7
@ BR = gps(|AI? + |A]?)/2 with gps phase space factor
@ 3 CP asymmetries with A3, + A2, + A3 =1

mix

A2 — | AP . o %8 4 A
= Anmix + IAAr = —2nf——=—
AR+ (AR T AT = T e A

dir =
Assuming NP affects only phase in Bg mixing (Ag = e’¢3)
20ps|01?| Vo Vig|? Sin® By = BR(1 — nsSin ® ggAmix + 171C0S ® qgAar)
® bog =200 —28q+ O} (687 = ¢4, oF = —¢2),

@ Constraint on Ag;, (near zero) for a solution ¢} to exist
@ Determine ¢gp from |5, BR, Amix (@and CKM from tree decays)
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lllustration for two measured modes

Ny Aar

@ 10 range for (Amix, Aar =

By — ¢Ks

P, = —0.6
04 06 T8
nr Apix = — nr N
By — ¢Ks

£1- A

mix

05

0.0+

=05+

-1.04

By — ¢K*
¢y =0.8 \

(z,g“’ =0.6 , 1

I
¢NF = 0.4 /\

W =02

N\

@ ¢NP(pKs) = —0.36 £ 0.22 rad, ¢/ (¢K*) = 0.33 +0.90 rad
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rp:;"F =-02
oyF = —0.4 e \ J
“os o607 Tos Tos o

A = = 5

By — oK*
2 .
— A3,.) in grey box
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