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e Setting the Stage

e 3, Decay Branching Ratios: — Key Application | By — putu~

e Studies of CP Violation: | Bs — J/v¢, Bs — J/1 f(980), ...

— Hadronic Penguin Effects

— Control Channels

— Effective Bs Decay Lifetimes
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Setting the Stage




Where Do We Stand?

e Status of Physics @ LHC: — discovery of “Higgs-like” particle, but ...

— No Standard Model (SM) deviations seen at ATLAS and CMS.

— No solid evidence for New Physics (NP) in the flavour sector at LHCb.

e |Implications for the general structure of NP:

L = Lgm + Lnp(©NP, GNP, MNP, ---)

— Large characteristic NP scale Axp, i.e. not just ~ TeV, which would
be bad news for the direct searches at ATLAS and CMS, or (and?) ...

— Symmetries prevent large NP effects in FCNCs and the flavour sector;
most prominent example: Minimal Flavour Violation (MFYV).

e Much more is yet to come: ...

... but prepare to deal with “smallish” NP effects!




Towards New Frontiers in Precision B Physics

e Crucial for resolving smallish NP effects:

— Have a critical look at theoretical analyses and their approximations:

— key issue: | strong interactions: — “hadronic” effects

— Goal: matching between the experimental and theoretical precisions.

e Key decays for exploring CP violation:

Bg — J/YKs, Bs — J/v¢, By — J /1 f(980)

— Allow measurements of the BY —BY mixing phases ¢g .
— Uncertainties from doubly Cabibbo-suppressed penguin contributions.

— These effects are usually neglected; we cannot reliably calculate them...

= | How big are they & how can they be controlled?




News on B%-B? Mixing
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e Quantum mechanics: = |B,(t)) = a(t)|BY) + b(t)|BY)

— Mass eigenstates: AM, = MI({S) — MIES)’ AT, = FS) _ Fg)
— Time-dependent decay rates: I'(B%(¢t) — f), T'(BY%(t) — f)

o Key feature of the Bs-meson system: | Al'y # 0

— Expected theoretically since decades [Review: A. Lenz (2012)].
— Recently established by LHCb:
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B, Decay Branching Ratios:

simplest observables, characterizing
— -
the probability of the decay to occur:

o Al'y # 0 = special care has to be taken when dealing with
the concept of a branching ratio ...

e How to convert measured “experimental’ B, branching
ratios into “theoretical” By branching ratios?

[De Bruyn, R.F., Knegjens, Koppenburg, Merk & Tuning (2012)]



Experiment versus Theory

e Untagged B, decay rate: — sum of two exponentials:

(D(B.(t) ) = T(BAt) = HAT(BYL) = f) = Rhe TRl 0"

t {
— (R{I + R{) o~ Tst [Cosh (?7{3 ) 4 A ‘\r sinh <7y_B )]

e “Experimental” branching ratio: [I. Dunietz, R.F. & U. Nierste (2001)]
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e “Theoretical” branching ratio: [R.F. (1999); S. Faller, R.F. & T. Mannel (2008); ...]

L) o

BR (Bs = funeo = 5 (D(BLD) = £))

— By considering t = 0, the effect of B%-B? mixing is “switched off".

— The advantage of this definition is that it allows a straightforward
comparison with the BRs of BY or B;} mesons by means of SU(3)p.



Conversion of B; Decay Branching Ratios

e Relation between BR (Bs — f) and the measured BR (B; — f)

exp :

theo
1 —y?
BR(BS%f)theo: 1—|—A£Fy5 BR(BS_>f)exp (9)

e While ys,=0.08840.014 has been measured, A£F depends on the
considered decay and generally involves non-perturbative parameters:

115}
3
<
110}
/l\
N 1.05
=
a 7
S100f].,, Akq=-10
= A= 05 | Leom
oosf]TT U T T
J— AAFZO‘O “
9 0.90[] .. Ahp=+05
& o Al =410
085 == LHCh 10 CL
LHCb 30 CL

020 —015 —010 —0.05 000 005 010 0.5 020
Ys

= | differences can be as large as O(10%) for the current value of y;

[De Bruyn, R.F., Knegjens, Koppenburg, Merk and Tuning (2012)]



e Compilation of theoretical estimates for specific B decays:

B.— f BR(Bs — f)exp AL (SM) BR (Bs = funeo /BR(Bs = [,
From Eq. (9) From Eq. (11)
J /1 f0(980) (1.2970:99) x 107* [18] 0.9984 + 0.0021 [14] 0.912 +0.014 0.890 + 0.082 [6]
J/ Ky (3.5+£0.8) x 107° [7] 0.8440.17 [15] 0.924 +0.018 N/A
D7t (3.01 +0.34) x 1073 [9] 0 (exact) 0.992 + 0.003 N/A
KTK~ (3.5+£0.7) x 107° [18] —0.972 4 0.012 [13] 1.085 + 0.014 1.042 4+ 0.033 [19]
DD (1.04792%) x 1072 [18] —0.995 +0.013 [16] 1.088 +0.014 N/A

TABLE I: Factors for converting BR (Bs — f),, ., (see (6)) into BR (Bs = f),},., (see (8)) by means of Eq. (9) with theoretical

estimates for AL .. Whenever effective lifetime information is available, the corrections are also calculated using Eq. (11).

exp

How can we avoid theoretical input? —

e Effective B, decay lifetimes:

Jo tOB(t) = fdt 15, (14248 y + 2
B = fydt 1—v2 | 14 Al

= | BR(Bs = f)iheo = 12— (1 = 2) 7¢/75.) BR(B;s — Fexp (11)

— advocate the use of this relation for Particle Listings (PDG, HFAG)



B, — V'V Decays

e Another application is given by B, decays into two vector mesons:

— Examples: B, — J/1¢, B, — K*OK*0, B, — D**D*~, ...

e Angular analysis of the vector-meson decay products has to be performed
to disentangle the CP-even (0, ||) and CP-odd (L) states (labelled by k):

V'V k
feXp o BR@XP RVV ZBRVVk Z eXp —1
VV.,k BRVV Y exp exp V.k —
exp

e Conversion of the “experimental” into the “theoretical” branching ratios:

— Using theory info about AVVk —nk\/l — C\Q/V,k cos(ps +Apyvi):

exp
BRI, = (1 42) [ 3 ] RYY
k:0,||,J_ 1 _I_ A

— Using effective lifetime measurements:
\a%4 T/E/V exp
Bl%theo — BRexp Z [2 o (1 o ys) ] VV,k
k=0,]|,L "B

[See also LHCb, arXiv:1111.4183; S. Descotes-Genon, J. Matias & J. Virto (2011)]



o Key B, Decay: BY — u™p

What is the impact of Al's = 0 on this decay?

week ending
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General Features of Bg(d) — pTpu~ Decays

e Only loop contributions in the SM & helicity suppression:

s(d) s(d) W "
, [t
0 Z ( )
t
b 2 b W u

= | strongly suppressed & sensitive to New Physics (NP)

e Hadronic sector: only B,4)-decay constant st(d) enters:

= Bg(d) — uTu~ belong to the cleanest rare B decays

e SM predictions: BR(Bs — ptu™) = (3.23 4+ 0.27) x 1077
BR(By — ptp™) = (1.07 £0.10) x 101

[Buras, Girrbach, Guadagnoli & Isidori (2012); address also soft photon corrections]

NP may — in principle — enhance BRs significantly...

[Babu & Kolda, Dedes et al., Foster et al., Carena et al., Isidori & Paradisi, ... ]



e Situation in different supersymmetric flavour models, showing also the
impact of recent LHCb upper bounds on BR(B; g — ptpu™):

10° x BR(Bg — utu™)

0 10 20 | 30 40 50
10° x BR(Bs = utu™)

[D. Straub (2010); A.J. Buras & J. Girrbach (2012)]



The Limiting Factor for the BR(BY — p* ™) Measurement:

e The analysis of BY — p ™ relies on normalization channels:

ex Nup Jfq
S NX fs

BR(B{ — utp~) = BR(B, — X)

— € factors are total detector efficiencies.
— N factors denote the observed numbers of events.

— [fq are fragmentation functions, which describe the probability that a
b quark will fragment in a B, meson (q € {u,d, s}).

e A closer look shows: fs/fq is the major source of uncertainty:

= “boring” non-perturbative, hadronic parameter ...

e New method: — use non-leptonic B decays to determine fs/fq @ LHCb

= | U-spin-related B? — Dfn~, BY — DTK~ system:

[R.F., Nicola Serra & Niels Tuning (2010)]
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e Prime examples for “factorization”: [<— Bjorken ('89), Dugan & Grinstein ('91);
Beneke, Buchalla, Neubert & Sachrajda ('00); Bauer, Pirjol & Steward ('01); ...]

— Non-fact. SU(3)-breaking corrections: tiny (constrainted through data).
— Factorizable SU(3)-breaking corrections:
— form-factor ratio [QCD sum rule; lattice QCD analyses]:
= ratio of branching ratios can be calculated
fs _ Ny y e(B_g — DTK"™) y BR(B_g — DTK™)
fa \]Vd e(BY — D;rﬂ_) \BR(BS o D;_ﬂ'_)

experiment th&)ry

=

7

e LHCb (using also a variant with BY — D¥7™): [PRL (2011)]

fs/fa=10.253 +0.017(stat.) & 0.017(syst.) & 0.020(theo.)

[excellent agreement with measurements using semileptonic decays|

e |attice: Fermilab Lattice & MILC [arXiv:1202.6346 [hep-lat]]



e New LHCb analysis of the BY — D n", BY — D~ n" strategy:

— dependence of f;/f4 on the transverse momentum and pseudo rapidity:
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Figure 2: Ratio of fragmentation fractions f,/f; as functions of (a) pr and (b) . The
errors on the data points are the statistical and uncorrelated systematic uncertainties
added in quadrature. The solid line is the result of a linear fit, and the dashed line
corresponds to the fit for the no-dependence hypothesis. The average value of pt or n
is determined for each bin and used as the center of the bin. The horizontal error bars
indicate the bin size. Note that the scale is zero suppressed.

fs/fa (pr) = (0.256 4 0.020) + (—2.0 £ 0.6) x 1072/ GeV/c x (pr — (pr))
fs/fa (n) (0.256 4= 0.020) + (0.005 £ 0.006) x (n — (1)),

[LHCb Collaboration, arXiv:1301.5286 [hep-ex]]



Current Experimental Situation of BY — ptpu~:

e Tevatron: — “legacy” ...

— D@ (2013): BR(BY — utp~) <15 x 1079 (95% C.L.)
— CDF (2013): BR(B? — pu™u™) <31 x 1072 (95% C.L.)

e Large Hardon Collider: — future ...

— ATLAS (2012): BR(B? — ptpu™) <22 x 1072 (95% C.L.)
— CMS (2012): BR(BY — pu™p™) < 7.7 x 1079 (95% C.L.)
— Finally first evidence for BY — pu+tpu~ @ LHCb (2012):

BR(BY — ptp~) = (3.2513) x 1077

= falls into the SM regime although the error is still very large ...

e AI'; =4 0 has been ignored in these considerations:

— What is the impact for the theoretical interpretation of the data?
— Can we actually take advantage of Al'g £ 07
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The General B, — pu~ Amplitudes

e Low-energy effective Hamiltonian for B — p+tpu=: | SM @ NP

Gp
V2T

[Gr: Fermi's constant, V,q: CKM matrix elements, o: QED fine structure constant]

Heg = — Vit |Cr0010+Cs0s+CpO p+C1 01y +C505+CpOp)]

e Four-fermion operators, with Pr, r = (1 F 75)/2 and b-quark mass my:

O = (37uPrd)(ly'y50), Oy = (57uPrb)(Ey"75¢)
Og = mb(EPRb)(lig), Ofg — mb(EPLb)({ig)
Op = my(5Pgrb)(Lysl), Op = mp(5Prb)(Lys0)

. _ =0 4+ - . .
[Only operators with non-vanishing B, — p" 1~ matrix elements are included]

e The Wilson coefficients C;, C! encode the short-distance physics:

— SM case: only Cio # 0, and is given by the real coefficient C3".

— Qutstanding feature of BY — putu~: sensitivity to (pseudo-)scalar
lepton densities — O (pyg, OEP)S; WCs are still largely unconstrained.

[W. Altmannshofer, P. Paradisi & D. Straub (2011) — model-independent NP analysis]



— convenient to go to the rest frame of the decaying B? meson:

e Distinguish between the ,uf:,ug and ,LLE,LLI;L helicity configurations:

(1 ) ep) = (CP) | g ) = er®erem)| b e

[eiqﬁCP(’“"“‘) is a convention-dependent phase factor — cancels in observables|

e General expression for the decay amplitude [, = +1, nr = —1]:

Gp
V2

xfBSMBSmucls(l)\/IeimP(uu)(1—77A)/2 [P + 5]

A(B] = pipy) = (g i3 [ Hett| By) = —— =V Ve

e Combination of Wilson coefficient functions [CP-violating phases ¢p s]:

. ral M2 el
P = |P|6290P — 010 SMCH) 4+ Bs Ty CP SMCP SM> 1

. m2 M? Ca— ("
S=|Sle"s = [1—-4—F BS( i )( SSM S) Moo

[fBs: Bs decay constant, Mp,: Bg mass, m,: muon mass, mg: strange-quark mass|




The B, — puTu~ Observables

e Key quantity for calculating the CP asymmetries and the untagged rate:

_ L
—ige [ jidop(B) ABS = 1y y)

= —€ -
A(BY — pipy)

= A(B? — pipy) = (uypd [H! | BY) is also needed ...

e Using (CP)T(CP) =1 and (CP)|BY) = e*?cr(Bs)| BY) yields:

B G .
ABY — ufuy) = ——=VisVisafs,Mp,m,C5"

V2T

w etl¢cp(Bs)+ocp(np)(1-=mny)/2] [—m\P* + 5]

e The convention-dependent phases cancel in &y [, = +1, ng = —1]:

§Lér = SréL = 1

f)\:_[“H?)\P"‘S] N

—77>\P* + S*




CP Asymmetries:

e Time-dependent rate asymmetry: — requires tagging of BY and BY:

D(BY(t) = pipy) —T(B(t) = pyipy)  Crcos(AMgt) + Sysin(AMt)

I'(BY%(t) — ,u;\r,u;) +T(BO(t) — ,LL}\L,LL;) B cosh(yst/T8,) + AZF sinh(yst/7B,)

e Observables (for ¢.'"" = 0): — theoretically clean (no dependence on fp,):

L — &) 2|PS|cos(¢pp — ¢s)|  sm
C\ = = — — 0
TrxlalR T P PRSP
5. — 2lméy | PJ?sin2pp — |S|?sin2ps  sm 0
A= = ’
1+ [&A[? PI? +[S]°
N 2 Re &) |PJ? cos2pp — |S|? cos2¢s sum
AAFE — s 1

1+ )62 |P|2 + 5|2

e Note: Scp = Sy, Aar = A\ are independent of the muon helicity .



e Difficult to measure the muon helicity: = consider the following rates:

e Corresponding CP-violating rate asymmetry: — C\ o< 1) terms cancel:

D(BY(t) = ptu”) =T(BY(t) = ptu”) Scp sin(AMt)

L(BYt) — ptp~) + T(BY(t) = ptu~)  cosh(yst/7s,) + Aarsinh(yst/7p,)

e Practical comments:

— It would be most interesting to measure this CP asymmetry since a
non-zero value immediately signaled CP-violating NP phases.
[See, e.g., Buras & Girrbach ('12) for Minimal U (2)® models [Barbieri et al.])]

— Unfortunately, this is challenging in view of the tiny branching ratio
and as BY, BY tagging and time information are required.

Previous studies of CP asymmetries of Bg,d — €10~ (assuming ATy = 0):
Huang and Liao (2002); Dedes and Pilaftsis (2002), Chankowski et al. (2005)



Untagged Rate and Branching Ratio:

e The first measurement concerns the “experimental” branching ratio:

BR (B = 1 5) oy = [ (DB )t

exp 9

— time-tntegrated untagged rate, involving
(C(Bs(t) = pu7)) =T(BY(t) = p'p™) + T(BY(t) = p'u”)
x et/ 7Bs lcosh(yst/TR,) + Aar sinh(yst/75,)]

e Conversion into the “theoretical” branching ratio: — NP searches:

1 — 2
BR(Bs — p"pu™) = [ e ]BR(BS = T )exp

o Aar depends on NP and is hence unknown: € [—1,+1] = two options:
— Add extra error: ABR(Bs — u" )|y, = 2ysBR(Bs = 11 )exp-

— AN = 1 gives new SM reference value [rescale BRgy by 1/(1 —y,)]:

BR(Bs — 11 )smly, = (3.54 +0.30) x 1072




Effective By — pTu~ Lifetime:

o Collecting more and more data @ include decay time information =

e Access to the effective B, — pu~ lifetime:

Jo t(D(Bs(t) = ptp™))dt
foOO<F(BS(t> — ptp))dt

1 [(1 - y?)T,quu_ - (1 T yg)TBs
Ys 27—33 - (1 - yg)Tu+u_

ptp

e Axr can then be extracted: Aar =

e Finally, extraction of the “theoretical’” BR: — clean expression:

BR (BS — /L+/L_) = [2 — (1 _ y?) TI:_TM_] BR (BS — ’u_)exp

\ 7

— only measurable quantities

— It is crucial that Aar does not depend on the muon helicity.

— Important new measurement for the high-luminosity LHC upgrade:

= precision of 5% or better appears feasible for 7+ ,- ...



Constraints on New Physics

e Information from the B, — p™u~ branching ratio:

R = BR(BS — :u+,u )eXp [1 + -AAFys

2 2
BR(Bs — pp™)sm 1 —yz ] (IPI7+1S1)

1+ v, cos 2 1 — v, cos?2
[ + Y, COS @p] P2 [ 31; COS2 gos] SP2 LHCb 099+8 gg
— Y5

— R does not allow a separation of the P and S contributions:

= large NP could be present, even if the BR is close to the SM value.

e Further information from the measurement of 7,+ - yielding AAar:

= | offers a new window for New Physics in By — utpu~




How does the situation in NP parameter space look like?

e Current constraints in the |P|-|S| plane and illustration of those following

from a future measurement of the B, — u* ™ lifetime yielding Aar:

Ll = R =0997047
S — lustration for Aar(pps = 0,7)
L6 9
! 5
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e lllustration of the allowed regions in the R—Aar plane for scenarios with
scalar or non-scalar NP contributions:
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e Authors have started to include the effect of AI'y in analyses of the
constraints on NP that are implied by BR(Bs — g 147 ) exp:

O. Buchmueller, R. Cavanaugh, M. Citron, A. De Roeck, M. J. Dolan, J. R. Ellis,
H. Flacher and S. Heinemeyer et al., “The CMSSM and NUHML1 in Light of 7 TeV
LHC, B, — ut = and XENON100 Data,” arXiv:1207.7315 [hep-ph]

T. Hurth and F. Mahmoudi, “The Minimal Flavour Violation benchmark in view of the
latest LHCb data,” arXiv:1207.0688 [hep-ph]

A. J. Buras and J. Girrbach, “On the Correlations between Flavour Observables in
Minimal U (2)? Models," arXiv:1206.3878 [hep-ph]

W. Altmannshofer and D. M. Straub, “Cornering New Physics in b — s Transitions,”
arXiv:1206.0273 [hep-ph]

D. Becirevic, N. Kosnik, F. Mescia and E. Schneider, “Complementarity of the
constraints on New Physics from By — putu~ and from B — K{¢7¢~ decays,”
arXiv:1205.5811 [hep-ph]

F. Mahmoudi, S. Neshatpour and J. Orloff, “Supersymmetric constraints from B, —
pp” and B — K*u"p~ observables,” arXiv:1205.1845 [hep-ph]

T. Li, D. V. Nanopoulos, W. Wang, X. -C. Wang and Z. -H. Xiong, “Rare B decays in
the flip SU(5) Model,” JHEP 1207 (2012) 190 arXiv:1204.5326 [hep-ph]



¢ Different Hot Topic:

Precision Studies of CP Violation

By — J/¢Ks, Bs — J/v¢, Bs — J/1 fo(980)

e Allow measurements of the B —BY _ mixing phases ¢ s.
e Uncertainties from doubly Cabibbo-suppressed penguin contributions.

e These effects are usually neglected, cannot be calculated reliably ...

= | How big are they & how can they be controlled?




Experimental Situation
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BY) — J/YKs & B! — J/1{Ks

Current picture of the penguin parameters?

[Thanks to Kristof De Bruyn for plots/numerics; work in progress. ]



The Decay B; — J/v Kg

Cc colour singlet
J / ¢ exchange ,@ J / ¢
/
°- AI/
) C7

e Decay amplitude in the SM:

A(BY — J/p Kg) = A [A(TC) + Ay } + AT AR + A AL

e Unitarity of the CKM matrix: = )\(S) )\(3) )\gf) [)\((18) — Vv

Vq*b] :

= | A(BY = J/p Kg) = (1—A\2/2) A’ [1 +ealel m}

AL A

A = \2A A(T?)/ + Aff)/ — Ag)/} C de? =R,

A9 A
A2\ 11V, A2
= |V, 2~ 0. = (1-2-) 2|2 <o, —
Vep| /A 0.8, Ry ( > ) 3V, 0.5, € Y




e Time-dependent CP asymmetry (CP-odd final state):

D(BY > J/vKs) — T(BY = J/6Ks)
D(BY — J/6Ks) + (B} — J/vKs)
= C(Bd — J/@DKS) COS(AMdt) — S(Bd — J/@DKS) Sin(AMdt)

e CP-violating observables: [¢pq =28 + ¢)F — BI-BY mixing phase]

2€ea sin 6 sin vy

C(Bg — J/YKg) = —
(B [VKs) 1 + 2€ea cos B cosy + €2a?

S(Bd — J/@DKs)

=By = JJoKs) = sin(¢q + Adq)

, 2ea’ cos 0 siny + €2a’? sin 2
sin A¢py =
(14 2ea’ cos 0’ cosy + €2a’?)y/1 — C(Bg — J /P Ks)?
1 + 2ea’ cos O cos vy + €2a’? cos 2
cos Apy =

(14 2ea’ cos 0’ cosy + e2a’2)y/1 — C(Bg — J /P Ks)?

[Faller, R.F., Jung & Mannel (2008)]



e Current experimental status: [HFAG]

S(By — J/Ks) = 0.665 + 0.024

C(J/YKs) = 0.024 £0.026 = /1 — C(J/YKs)? =0.9997173 5050

= | S(By — J/1WKs) = sin(¢g + Adg) = 0.665 & 0.024

e lllustration of the impact of the penguin topologies: a' et ~ Ry [ Pen ]

Htree”

0.0

—2.0f Mathematically Excluded S sy




How can we control Ag,?

2ea’ cos 0 siny + €2a’? sin 2+

tan A¢d —

1 + 2ea’ cos 0 cos v + €2a’? cos 27

— hadronic parameters a’, 6’ cannot be calculated:

= use control channel(s): BY — JyKg @ U-spin symmetry

[R.F., Eur. Phys. J. C 10 (1999) 299 [hep-ph/9903455]]



The Decay B; — J/v¥ Ky

YA e ([
/
/
/

e Decay amplitude:

A(B? — Jj Ks) = XY | AT + AP ] + XD AL + A0 4L

e Unitarity of the CKM matrix: )\gd) — )\ _ )

= | A(B? = J/Y Kg) = =M A |1 —aee"] 0

A A

A=224[A9 + AP - AL], e’ = R,

AL 4 Al — 40

e In contrast to BY — J/¢Ks, ae® is not suppressed by ¢ = 0.05:

= penguin effects are “magnified”!




e Untagged rate: (['(B4(t) — f)) = T'(BY(t) — f) +T'(B%(t) — f)

(L(Bs(t) = f)) o lcosh (yt> + Al sinh <yt)]

TBS TBS

— "Experimental” branching ratio: [y, = AT';/(2T;) ~ 0.1]
BR(B, > Moy =5 [ (L(Bt) > D)
0

— "“Theoretical” branching ratio: — will be used below ...

p— TBS

BR (BS — f)theo 2

WEROESN

e Conversion between both BRs: — effective decay lifetime 7, useful:

1 —y?
1+A£Fy3

BR (B, = ) e = BR (Bs — f)

exp

_ [2 — (1= %] BR (Bs — f)ony

[De Bruyn, R.F., Knegjens, Koppenburg, Merk & Tuning (2012); see above]



o Useful quantity: [CIDf’]/wKS, (I)flf/wKs: phase-space factors]

. BR (BS — J/wKS)theo

BR(Bd — J/wKS)theo

d
7= Tqu)J/wKS

S

1
¢ 7B Pk

A
A

1 —2acosfcosy + a’
14 2ea’ cos @ cosy + €2a’?

e Further BY — J/14Kg observables from tagged time-dependent rates:

['(B) — J/¥Ks) = T(B) = J/¢Ks)
D(BY = J/$Ks) + T(BY — J/oKs)
~ C(Bs — J/YKg) cos(AM,t) — S(Bs — J/9VKg) sin(AM,t)
cosh(ATl'st/2) + Aar(Bs — J/YKg) sinh(AT't/2)

= C, S, .AAF

— Note that these observables are not independent: C?+ 5%+ A% = 1.



Extraction of v and Penguin Parameters

U-spin flavour symmetry:

a=a, 0=0
= A = A
Observables: H = function(a,b,7)
C(Bs — J/¢YKs) = function(a,t,~)
S(Bs — J/WwKg) = function(a,f,y;os)

= | v, a and 6 can be extracted from the 3 observables

[¢s denotes the BY-BY mixing phase, with ¢5M = —2)\25 ~ —2°]

Change of focus of interest since 1999:

— Extraction of v @ LHCb is feasible but probably not competitive ...

— Assume that + is know = clean determination of the penguin
parameters a, 6 from C' and S (further info from H).

[R.F. (1999); De Bruyn, R.F. & Koppenburg (2010)]
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through

I(B(t) = f)+I(B(t) — f)
= PhSp x [N]* x [Rye ™" + Rpe '], (28)

where PhSp denotes an appropriate, straightforwardly cal-
culable phase-space factor. Consequently, the overall nor-
malization |[A]? is required in order to determine R. In
the case of the decay By — J/1Kg, this normalization can
be fixed through the CP-averaged Bq — J/9Kg rate with
the help of the U-spin symmetry.

In the case of Bq — J/¢¥Kg, we have

2
N = (1—)\—>.A’ b=ed,

p=0 +180°, with €= 1i—2)\2, (29)
whereas we have in the By — J/19Kg case
N==-XA b=a, p=0. (30)
Consequently, we obtain
()

gl (|«4’|>2 [MBﬁ(MJ/w/MBdaMK/MBd) ’
e \|Al ) [ Mg, ®(My;y/Msp,, Mx/Msg,)
1 — 2acosfcosy + a?

" 1+ 2¢d/ cos @ cosy + €2a’?’

()

where

R. Fleischer: Extracting v from Bgq) — J/9Ks and Bg) — D

a(s)Pacs)
in the case of By — J/¢¥Kg. Since the value of the CP-
violating parameter €k of the neutral kaon system is small,
¢k can only be affected by very contrived models of new
physics [14].

An important by-product of the strategy described
above is that the quantities a’ and 6’ allow us to take
into account the penguin contributions in the determina-
tion of B from By — J/1¢Kg, which are presumably very
small because of the Cabibbo suppression of A?/(1—\?) in
(3). Moreover, using (34), we obtain an interesting relation
between the direct CP asymmetries arising in the modes
Ba — J/YKg and By — J/¢¥Kg and their CP-averaged
rates:

A&L(Ba — J/YKs)
AdlL(Bg — J/vKs)

B <|A/\)2 [MBdgp(MJ/w/MBd,MK/MBd) 5 (r)
| Al Mg, ®(Mj,y/Mp,, Mk /Mg,) | (")

—¢H (35)

An analogous relation holds also between the B¥ — 7+K
and B* — K*K CP-violating asymmetries [11,12]. At

“second-generation” B-physics experiments at hadron ma-
chines, for instance at LHCb, the sens1t1v1ty may be good

the era of such experiments, it is also an important issué
to think about the theoretical accuracy of the determi-
nation of 5 from By — J/¢¥Kg. The approach discussed



Current information on the
penguin parameters?

e BY — J/9Kg has been observed by CDF and LHCb, but only the BR.
e Use data for decays with a CKM structure similar to BY — J/v Ks:
BY — J/yx®, Bt — J/yrt

... and complement them with data for BY — J/yYK°, Bt — J/¢ K.

Work in progress with K. De Bruyn & P. Koppenburg
see also Ciuchini, Pierini & Silvestrini (2005);
Faller, R.F., Jung & Mannel (2008);

Jung (2012)



Compilation of H Observables

e BR ratios, including factorizable SU (3)-breaking corrections:

A/

1
H =

2 Tqu)§/¢K5 BR (Bs — J/?vaS)theo

A

€

BR(B; — J/¢nt) & BR(Bf — J/yK™*)
BR(B; — J/¢mt) & BR(B) — J /1K)
BR(BY — J/yn") & BR(B; — J/YK™)

BR(BY — J/47") & BR(BY = J /¢ K")
(BR(B = J/¢7 ") /BR(B} = J/UK"))pey,
(BR(B — J/¥KQ)/BR(By — J/VKY)), o,

Average

TBS(I)SJ/wKS BR(Bd — J/¢K8)theo

1.16 + 0.21 (stat) + 0.21 (FF)

1.25 + 0.23 (stat) + 0.22 (FF)

1.16 4 0.11 (stat) + 0.21 (FF)

1.25 4 0.12 (stat) + 0.22 (FF)

1.19 + 0.04 (stat) + 0.21 (FF)

1.16 + 0.15 (stat) + 0.21 (FF)

1.19 + 0.04 (stat) + 0.21 (FF)

075 1.00 125 150 L75

Hobs




SU (3) Tests

e Neglecting penguin annihilation & exchange topologies:

BR(BO — J/@bK )theo TBy (I)J/wwo SU(3)

_JSU(?)) — QBR(BO N J/wﬂ_ )theoTBS J/wKS 1
Zous) (B — J/urt) | | 1.02 £ 0.10
Esve) (B = JJWKY) : | 0.93+0.15
Esu(s)(BY — J/vr?) (Normalisation)
0.7 0.8 0.9 1.0 1.1 1.2 1.3

—

ZSU(3)



Constraints on Penguin Parameters

1_0 T T T T T T \ T T
mm AS(BF — J/urh)
091 mm AS(BS — J/YKT) (]
0.8} = A%B) = J/yr°) |
o ABS(BY — J/yn®)
0.7¢ = AG(BY = J/UYK®) |
Hobs
0.6}
S0.5) \
0.4}
0.3}
o2t N _——  EKHOHE _—\
0.1}
0-G 110 130 150 170 190 210 230 250 270

0 |deg]
[39% and 68% C.L.]

a=0.22+0.13, 6= (180.2+4.5)° [1o ranges]

[Comparison with Faller, R.F., Jung & Mannel ('08): a € [0.15,0.67], 8 € [174, 213]°]



Constraints on Agq

0.0
—0.5 —0.5 [ —
2
1.04 1.0 “ :’:’:’:
1 : :::z:
1.5 S RS
B
— =20} Y A
5. =, T
s s
< 30| <1 _30f
—35 —35}
—4.0 10}
—45} S(BY = JIWE) | 5
5 ‘ ‘ ‘ ) ‘ ‘ ‘ 50 ‘ . ‘ ‘ ‘ ‘ . :
0 110 130 150 170 190 210 230 250 270 90 110 130 150 170 190 210 230 250 270
0 [deg] 0 [deg]

Apy = —(1.28 £ 0.74)°

S(Bg — J/YKg) = sin(¢g + Agg) = 0.665 £+ 0.024 =
g+ Apg = (41.7 £ 1.7)° =
¢a = (43.0 £ 1.7|s £ 0.7|ap,)° = (43.0 = 1.8)°

e Situation is similar in the extraction of ¢4 from By, — J/¢¢ ...

e LHCb strategy document [arXiv:1208.3355]:

— theory uncertainty of ¢, measurement quoted as ~ 0.003 = 0.17°!7



Prospects for LHCb Upgrade

e Extrapolation from toy study (i.e. not official LHCb):

1.0

X3 39 % C.L.

0.9 CI268%C.L.

= AS(B! — J/YKY)
0.8 mm ASS (B! = J/YKY)
07l 0 Aar(B) = J/YKY) ||

0.6

0.5}

0.4}

0.3F

0.2F

0-Gyg 110 130 150 170 190 210 230 250 270

e Comments:

— This determination of a and 6 is theoretically clean.

— Relation to a’, 0’ (enter By — J/1¢ Kg) through U-spin symmetry.

[Update of De Bruyn, R.F. & Koppenburg (2010)]



... Conversion into Agqy

e Use U-spin symmetry between BY — J/19)Kg and BY — J/¢Ks:

2ea’ cos 0’ siny + €2a’? sin 2~

= tan A¢g =

1 + 2ea’ cos 6 cos vy + €2a’? cos 2+

=)
)
=,
s
S
—30r 1 39 % C.L. (With U—spin breaking) |]
CZ2 68 % C.L. (With U—spin breaking)
—357 =3 39 % C.L. (No U—spin breaking) |]
10 i A CZ2 68% C.L. (No U—spin breaking)
—4.0F —spin Assumptions :
. , . = AN(B! = J/PKY)
a .
45 {=— = 10+02 mm ABX(B? — J/YKY)
§=0 -0 = [0£20° 1 Aar(B? — J/YKY)
—% 110 130 150 170 190 210 230 250 270

0" =0+ 6 [deg]



By — J/o:

= B, counterpart of B; — J/¥Kg



CP Violation in B, — J/v9¢

e Final state is mixture of CP-odd and CP-even states:

— disentangle through J/v¥[— uTu~]¢[— KTK~] angular distribution

e Impact of SM penguin contributions (which are usually neglected):

A(BY = (J/0g)5) oc Ag [L+ N (apeT)e]

rélgff = sin ¢ — sin(¢s + A¢£) ‘f )

e Smallish B%-BY mixing phase ¢, (indicated by data ...):

= Ag/ at the 1° level would have a significant impact ...

[Faller, R.F. & Mannel (2008)]



Control Channel: B? — J/¢yK*°

colour singlet J
exchange /@ / va
/

e Decay amplitude: AB? — (J/YK*0) ) = AA [1 _ affew;”e”

— Neglect PA and FE topologies [upper bound on BR(BY — J/v¢) =
|E 4+ PA|/|T| < 0.1] and use the SU(3) flavour symmetry:

= |Ag| =A% and ay=d}, 6O;=0)

e Implementation: — no mixing-induced CP in BY — J/yK*°, but ...

— Untagged rate measurement & direct CP violation.
— Angular analysis is required to disentangle final states f € {0, ||, L}



Comments

o BY — J/9pK*V was observed by CDF and LHCb [arXiv:1208.0738]:

— Branching ratio (4.4105 4 0.8) x 107> agrees well with the prediction
(4.6 = 0.4) x 107> from By — J/4p" [Faller, R.F. & Mannel (2008)].

— Polarization fractions agree well with those of BY — J/¢ K*°.

= | look forward to future data...

e Sensitivity at the LHCb upgrade (50 fb™") [arXiv:1208.3355]:

As|exp ~ 0.008 = 0.46°

— Theoretical uncertainty quoted as A¢s|theo ~ 0.003 = 0.17° (1), ...

— Data for B — J/vym, J/7 K decays with a similar dynamics:
Adyg = —(1.28 £ 0.74)°

— Such phase shifts may mimic New Physics: Arél%,’ff = sin(¢s + Agf)

= | we have to get a handle on the penguin effects ...




— Interesting new decay

@ Springer

Detailed analysis: R.F., R. Knegjens & G. Ricciardi, arXiv:1109.1112 [hep-ph];

see also arXiv:1110.5490 [hep-ph], giving a discussion of B, 4 — J/wn(’)



General Features of BY — J /1 f,(980)

o 79(980) is a scalar J©“ = 01 state: = no angular analysis is required!

e Dominant mode: BY — J/1 fo with fo — 7.

e Observation of BY — .J/1 fo at LHCb, Belle, D@ and CDF:

R, . = BR(By = J/¢ fo; fo > n17)
/% T BR(BY — /¢ — KK )

~ 0.25

... but as no angular analysis is required:

= | BY — J /1 fo offers an interesting alternative to BY — J/¢¢

[S. Stone & L. Zhang (2009)]



Theoretical Uncertainties?

A A9
e Decay topologies: I 1 |
e LG T P
BY ‘
fo B W fo B || wet fo
’ . (s9) (55) (55)
Colour-suppressed Tree Penguin Penguin Exchange

fo w. et ;
T/ u,c, J
<:O (uu, dd, ss) @ v @ /v

BY W Jly B " fo ] . i
(ut) (ua, dd, 53)

‘ Exchange ‘ ‘ Exchange ‘ ‘ Penguin Annihilation ‘
e 7 A

e The composition of the f,(980 is still poorly known: — 2 benchmarks:

— Quark—antiquark: |fy(980)) = cos ¢nm|ss) + sin @M% (luw) + |dd))
1

— Tetraquark: [fo(980)) = —= ([su][su] + [sd][sd]) —
@ Jji
o ; 0 ) 5
::O " 5 v [sulfis]

A%u) : U, d -
! >
S
JUREE fo | |
PA : ([Su\%}g]’ [S‘f]/@g]\ Ayg
-7 ud Y no counterpart in ¢q!

[R.F., R. Knegjens & G. Ricciardi, arXiv:1109.1112 [hep-ph]]

Jo

( [911]/[%’@] 7 [9(%5} )




Amplitude Structure of B — J/v fo

General SM parametrization:

A(B? = J/fo) o< [T+ ebee]  with €= A?/(1 - )\?)

Here we have introduced a CP-conserving hadronic parameter:

A(Ut) _|_A(U) _|_A(Ut)
A +A§ft> + Al 4 AlD

beiﬁ = Rb

— hadron dynamics (7), but enters in a doubly Cabibbo-suppressed way

Characteristic hadronic phase shift:

2eb cos U sin v + €2b? sin 2~

1 + 2ebcos ¥ cosy + €2b? cos 27

tan A¢J/¢'f0 =
— Conservative range for be??: 0 < b < 0.5, 0° < ¥ < 360° =

Agbj/wfo < [—2.90, 2.80]



CP Violation in BY — J /4 fo

T(By(t) — J/fo) — T(Bs(t) — J/ifo)  Ccos(AMt) — Ssin(AMt)

B,
T(Bs(t) — J/ifo) + T(Bs(t) — J/ifo)  cosh(ATt/2) + Aarsinh(AL,t/2)

0.20 : : : ‘ ‘
— Combined (in quadrature) 0.06
0.15¢ p — (.2103 ’ ¥ = 270°
= - Ye—0.2
0.10H@m ¢ =180+ 180 ° 0.04}
/a7y =68£7°
. 0.05} g 1 -
< gen < 0.02f
= 0.00f T 1 =
> 00 >
N & ] 4 0.00
¥ —0.10} ] y
?;/ o 002
—0.15 ]
SM
—0.20L i —0.04+
—0.25} 7 —0.06F 19 = 90°
NG =6 =1 =2 0 2 4 ¢ & 10 012 —0.10 —0.08 —0.06 —004 —0.02 0.00 002 004
¢, [deg] S(Bs — J/¢ fo)

e Mixing-induced CP asymmetry: | S =1 — C?sin(¢s + Ag)

— Naive SM value: (sin ¢s)|sm = —0.036 4 0.002;

— Allowing for hadronic effects: S(B% — J/4 fq e [—0.086, —0.012]

Msn



Comments

e Should smallish CPV —0.1 < S < 0 be found:

= | crucial to constrain hadronic corrections to disentangle NP from SM

e LHCb result for ¢, from BY — J/4 fo:

¢s = —(25+ 25+ 1)°, corrsponds to S = —0.437053.

— Hadronic corrections were not taken into account; still some way to
go until we may eventually enter the limiting range —0.1 < S < 0:

S =/1—C2sin(¢s + Ag);  Adyipp, € [~2.9°,2.8°]
— LHCb [arXiv:1208.3355]: theory uncertainty of ~ 0.01 = 0.57°!7

o Average with BY — J/v¢:

— Increase of exp. precision: average is problematic because of hadronic
effects and their different impact on BY — J/4 fy and BY — J/4¢.

— It will actually be interesting to compare the individual measurements.

[Remember discussions about averages for CP asymmetries in b — s penguin modes]



Control Channel: B) — J/v fo(980)

Leading contributions emerge from the dd component of the f;(980):

A(BY = T/ fo) = —AA' [1 - b’ew’e”}

Measurement of branching ratio and CP-violating asymmetries:

= | b’ and ¢ can be (cleanly) determined

Relation to the b and ¥ hadronic parameters of BY — J /4 fo:

— qq interpretation of the f3(980): — b~ b/, ¥ =~ 1 through SU(3) if
mixing angle is significantly different from 0° or 180°.

— Tetraquark description: topology contributing to BY — .J/1f, does
not have a counterpart in BY — J/4 fy — how important is it!?

— | hadronic fy structure !7? -
e Vel I
) (e

Branching ratio: ‘ 5 ‘

— 4q estimate: BR(BY — J/vfo; fo = nrm™) ~ (1-3) x 107°

— 1st LHCb analysis [arXiv:1301.5347 [hep-ex]]: < 1.1 x 107° (90% C.L.)
[Details: R.F., R. Knegjens & G. Ricciardi, arXiv:1109.1112 [hep-ph]]




Effective B, Decay Lifetimes:

constraints on the B'-BY mixing parameters
that are very robust w.r.t. hadronic parameters!

[R.F. & Rob Knegjens, arXiv:1109.5115 [hep-ph]]



General Formalism (See also above)

e B, — f with a final state f into which both a B? and a BY can decay:

(D(Bs(t) = f)) =T(B(t) = f) + T(B(t) = f)

() (s) ATt , ATt
— R{I e TH t+R£ e Lt ¢ g bt lcosh ( 5 ) + Air sinh ( 5 )]

20, =17 + 1), AT, =1 1)

e Effective lifetime of the By, — f decay: [ys = AT's/(20%), 78, = 1/T]

t(D(Bs(t) = f)) dt _ R{/T{V? + R/

fo (C(Bs(t) = f)) dt R/ 4+ RL /D)
Tf 1 1+2“4AF3/8+3/§ f o2, 2 3
= = 1+ A% ys — (A “+0(y:
B, 1—vy; ( 1+.AAFyS ard [ (Aar) }y ()

e Decay dynamics: — encoded in the observable AAF — |7




e Consider the case where f is a CP eigenstate with eigenvalue 7);:

f . f f . f
A(B? — f) = Aleie1 4 Alei%2¢i%2

- A{,Q: real parameters (chosen to be > 0)
- 61"6’2: CP-conserving strong phases

- @{,2: CP-violating weak phases (enter through CKM matrix elements)

— | general SM expression, using the unitarity of the CKM matrix

_ (s)
o BY-BY mixing formalism: ;o 2Reg
AT = (s),2
1+ &5
f eicp{ _I_hfei(Sfe'igOg A{

— can derive compact expressions: =-

[6s = M + NP with @M = —28, = —(2.08 £ 0.09)°]



e Relevant combination for the calculation of the observable(s):

25(3) p
f(s) 3= Ny 1 — CFe " st200)
1+ \gf

— Direct CP asymmetry C't of the B, — f decay:

O, = 1— ‘ff\2 B thsin(stin(gp{ _ Spg)

f_ p—
1—|—‘§f‘2 Nf

Ny =1+ 2hscosoy cos(gp{ - gpg) + h?
— Hadronic phase shift [also expressions for sin A¢ s and cos A¢y]:
sSin 2@{ + 2h¢cosdy sin(gp{ + gpg) + h?c sin 2@5

COS 290{ + 2hscosdy COS(QO{ + gpg) + h?c coS 2905.

tan Agbf =

- - .
e Final expression for A’ -:

A£F = =N/ 1 — C’]% cos(ps + Aoy)




Lifetime Contours in the ¢ ,—AI'; Plane

T 1 <1+2AAFyS+y§

5 = cubic equation for y,:
TBS 1_y8 1+AAFyS

YS + asy? + a1ys +ag =0

_ TB, — Tf 27, — Ty _ TB, + Ty
ap = f o ay = ) Ao = f
TrAAT Tf TrAAT

e Analytic solution: formula by Girolamo Cardano [1501-1576]

— details in arXiv:1109.5115 [hep-ph]

:AFSN_E .A AQF 2+ 4 Tf — TBg
P T 22 (Al 2\ 2— (L] 72— (AL



Constraints from the B? — K+K—, J/v fo Lifetimes

F T
0.4
0.3 X
0.2F I
= 01F 5
- 2 000
0 = 0.0~
ot L e
£ :' 4 -0.1 ;—i .
<1 ' 02 £ — DO0: 68%, 95% CL (8 fb~1)
A TE == CDF: 68%, 95% CL (10 fo~1) | > ]
‘z ‘0____ 03; /\ - | “’.
AT -0.3F = LHCb: 68%, 95% CL (0.3 fb~1)[*~. .- -
= Tieg = [1.700 £ 0.040 % 0.026] ps 0.4F = LHCb: 68%, 95% CL (1 fb™1)
== Tr-k- = [1.455 & 0.046 4 0.006] ps|| . zz Lifetimes: (|58% CL . ‘
A 21 68% CL of 2 fit | -3 2 1 0 3
180 —135 =00 -1 0 590 135 180 s [rad]
o5 [deg]
0.4]
04} = A0y = [-2.9°,2.8] | 05
e APk = — (10.575)° '
= 75 = [L.509*G5] ps 0.2}
0.3
—_ TIjf = 1.70 ps b T"_| 0.1
,—‘4 n
8 £ o0
:,:0.2— S T
< _
< TK+K- = 1.46 ps 0-1
—02} t Errors are for illustration €=~
01} == s, = 1700 ps £ 1%
—0.3} 0= T = 1455 ps + 1% []
o4l — AT, =0.133 £0.032| |
0005135 60 00 1% 180 180 135 00 B 5 90 135 180

¢ [deg]

R.F. & R. Knegjens, arXiv:1109.5115 [hep-ph]; update: R. Knegjens, arXiv:1209.3206 [hep-ph]
Experimental overview: F. Dordei, arXiv:1212.3797 [hep-ex]



Comments

e The lifetime contours are very robust with respect to the hadronic
uncertainties, which are described by the A¢ /4, and A+ k-

— enter through Air o cos(Ps + Agy)

. while the CP asymmetries are given by Sy o sin(¢s + A¢py).

[A¢s: Bs — J /4 fo see discussion above, and “backup slides” for By — KK ]

e Improved measurements of the effective B, — J/¢ fo and By, — KTK~
lifetimes with 1% uncertainty will be very interesting.

e |t would also be interesting to make such an analysis for the effective
lifetimes of the f € {0, ||, L} final-state configurations of By, — (J/1¢) .



Conclusions

¢ New Frontiers in Precision Physics:

e Still no signals for New Physics @ LHC:

— Impressive (also frustrating ...), but more is yet to come!

— Prepare to deal with “smallish” NP effects:

= | Match experimental with theoretical precision!




Subtleties for B; Branching Ratios

e LHCb has recently established AI'g = 0 at the 60 level: =

— Care has to be taken when dealing with B, decay branching ratios.

— Some confusion in the (experimental) literature ...

e Discussed how the measured “experimental” By, — f branching ratios
can be converted into the “theoretical’ B; — f branching ratios:

— Use theoretical input to determine AQF, depending on final state f:

— hadronic parameters [use, e.g., SU(3)r @ assumptions about NP].

— Use the measured effective By, — f decay lifetime:

— preferred avenue using only data: = | BRs for particle listings

e Examples of specific B, decays:

BY — J/¢[fo(980), B? — J/¢YKs, B — Dyxt, B - KTK~
BY — DfD;, BY — J/y¢p, B — KXOKX0 B0 D+p*—=




What about BY — pt ™ in the presence of AT, # 07

e The theoretical B, — u™u~ SM branching ratio has to be rescaled by
1/(1 — ys) for the comparison with the experimental branching ratio:

= new SM reference: | BR(Bs — putu™)smly, = (3.54 +0.30) x 10~°

e B, — utu is a sensitive probe for physics beyond the SM:

— AT, can be included in the NP constrains from BR(Bs — g 1™ )exp-

e The effective lifetime 7,+ ,- offers a new observable (yielding Aar):

— Allows the extraction of the “theoretical” B, — pu~ branching ratio.

— New theoretically clean observable to search for NP:  A3M = +1

* In contrast to the BR no dependence on the B,-decay constant fp..

x May reveal NP effects even if the BR is close to the SM prediction:

still largely unconstrained (pseudo-)scalar operators O(ps, OEP)S.

= | exciting study the LHC upgrade physics programme!




Towards Controlling Penguins

Penguin parameters following from the current B — J/ym, J/¢ K data:

a=022+0.13, 0 = (180.2 £ 4.5)° = Ag¢y = —(1.28 £ 0.74)°

Interesting penguin probe for the LHCb upgrade era: | BY — J/9¥Ks

— CP asymmetries allow clean extraction of a and 6.

— Relation to BY — J/¢ Kgs through U-spin symmetry.

Penguin uncertainties in BY — J/v¢:

— Agg = —(1.2840.74)° ~ Agp! vs. ¢M = —2° and Ads|exp ~ 0.46°.
— Control channels: B? — J/¢K*° (and BY — J/4p°, not in this lecture).

Penguin uncertainties in BY — J /4 f3(980):

— Hadronic structure of f3(980) matters here!?
— Conservative range: S(BY — J/beo)‘SM e [—0.086, —0.012].
— Interesting future channel: BY — .J/1 f5(980).

Effective B, decay lifetimes: — contours in the ¢,—Al'g plane

— Analysis is very robust with respect to hadronic uncertainties!



Backup Slides




B, — K"K~

c® U-Spin Partner

B, — wtn—




Decay Topologies & Amplitudes

e BY - KTK~:

® BS — ta:

AB{ = KTK~) xC {e” + (1;\_2?\2) dew}




e The decays B; — mtn~ and By, — KK~ are related to each other

through the interchange of all down and strange quarks:

U-spin symmetry

= d=d 6 =20

— Determination of « and hadronic parameters d(=d’), 6 and ¢'.

— Internal consistency check of the U-spin symmetry: 6 sy

[R.F. (1999)]

e Detailed studies show that this strategy is very promising for LHCb:

—

d wrbitrary units
=)
[¥)

=
]

Q

“*‘\
A
)
o L 1 S e et T S
Q 20 40 60 30 100 120 140 160 130 Q.5 1

o Y fudegrees) urbitrury units
y (O

experimental accuracy
for v of a few degrees!

LHCb Collaboration (B. Adeva et al.)
LHCb-PUB-2009-029, arXiv:0912.4179v2

|



Getting ready for LHCb data:

e Use B-factory data as input, as well as ...
e BR(B;, -+ K1TK~) [CDF and Belle @ T(55)]

e Updated information of U-spin-breaking form-factor ratios.

[R.F. & R. Knegjens, arXiv:1011.1096 [hep-ph]]



Current Picture for ~v

e Input data:

— Information on K o« BR(B; — KTK~)/BR(By — w7 ™);
— CP violation in BY — 777~ and BY — 7T K¥;
— U-spin-breaking corrections: £ =d'/d = 14+0.15, A0 = 60'—0 = £20°:

0.8

0.7¢

0.6¢

0.5¢

0.41
IAG] = 20°

0.3f -
0.2}

0.1f

0 10 20 30 40 50 60 70 80 90 100 110 120 0 10 20 30 40 50 60 70 80 90 100 110 120
~ [deg] 7 [ded]

+5.0

= |7 = (683+571npu‘c 37|£+01 6)°

(2-fold ambiguity can be resolved [R.F. ('07)])

e Fits of the UT: v = (67.2739)° (CKMfitter), (69.6 & 3.1)° (UTfit).




Current Picture for the Hadronic Parameters

e Parameters of the general lifetime discussion: [e = A2/(1 — \?)]

ABY? - KTK™) = \C [e” + —dew] =
€

+pr— +pr—
hg+x-=d/e, Og+rg- =10, 90{{ K =, 805{ K =0 =
dcos ) + ecosy
tan A - =2 si
BAGKH K ‘ [d2+2€dCOSQCOS’7—|—€2COSQ’}/] m

e K, AL (B; — 7TK*) and v = (68 4 7)° [® U-spin-breaking]: =

d=0505513, 0=(15451)° =
— Hadronic phase shift:
Adweesc- = = (10553, 311,2241,)” = - (0555’

— Direct CP asymmetry: Cpt - = 0.09418:82



Mixing-Induced B? — KTK~ CP Asymmetry

C cos(AMt) + AL sin(AM,t)
cosh(Al'st/2) + Aarsinh(AT'4t/2)

acp(t) E—

e Compact expression:

le(B N K+K — \/1 — C?{"‘K_ Sin(qbs + A¢K+K‘)

o K, AL (By — nTK*), v @ U-spin-breaking effects: =

1.00 120° ‘ ‘ \ : :
0.15f|==a Combined (in quadrature)
0.75} 150° i~ 0.10}|=2 K =51.8"]
050l 0.05} |3 At = 0.098 350
T B — ool y =68£7°
k | 180° . K (NN} f :100:|2015
02 30 + —0.051geg A@=0+20°
S g
T 0.00 T
CQ% I -150° &)
T SM g, = 2 br.
< < _0.25
—0.50}
-120°
—0.75} -30°
10 -60° | | | |
Y00 =05 =050 —025 000 0.5 050 0.5 100 10
sin ¢y

e SM prediction: ARS(B; — KTK™)




Final Goal: Optimal Determination of ~

e Measurement of the CP asymmetries of BY — KTK:

= | theoretically clean contour in the v—d plane:

0.8

0.7}
0.6}
0.5}

= 041
0.3t
0.2}

0.1} #

4
4

0.0

0 10 20 30 40 50 60 70 80 90 100 110 120
7 [deg]

[Green band represents the 1o errors of the current SM projection.]

e Intersection with the v—d contour fixed through the CP asymmetries of
BY — w7~ allows us to determine v, d = d’ and 0, 8’ [— U-spin test].

e Expect a stable situation with respect to U-spin-breaking corrections.



