The Decay B — K*(*¢/~ at Low Recoil and its
Constraints on New Physics

Danny van Dyk

Universitat Siegen

rNeactur:;/sviss:n:c:af;lich UNIVE RS |TAT
nU“ e felulat @éfx "SIEGEN

Theorieseminar
05. November 2012

Danny van Dyk (Universitat Siegen) B — K*£T ¢~ @ low recoil 05.11.2012 1/33



FCNCs in Effective Field Theory
.
Overview

@ FCNCs in Effective Field Theory
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At Parton Level: b — s/t(~

@ Flavor Changing Neutral Current: change
of flavor b — s in a neutral current

@ in the SM W, Z, t propagators occur

e expand amplitudes in Gp ~ 1/M3, (OPE)

o find a basis of operators with b, s and two
light leptons £ = e, i

s ‘
O; = [5T;b] [fr(]
Ci
@ calculate coefficients of operators
CiECi(Mw,Mz,mt,...) b ¢
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Effective Hamiltonian

@ use effective Hamiltonian
4G
H = _75 [wmw + /\(“)H(“)] A = vV

@ make CKM unitary and hierarchy explicit:
HO = 3" co;
i#1lu2u
AU [Olc - Olu] +C; [O2c - O2u}

o A\ small and complex, important when considering CP violating
observables
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Operators
Semileptonic Operators (SM and x-flipped)
Qe
Oy =

[SWPL(R)b] [4#e]  Oropy = [S’YuPL(R)b] [a7" 5]
Semileptonic Operators (extended)
Os(y = [SPR(ub] (2] Oppy = [SPR(L)b] [0ys(]
Or = P “[5o,ub] [fo""1] Ors = [sauvb] [£oap!] o
[m] = =
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Operators (cont.)

Radiative

07(/) = [gaul/PR(L)b] FH 08(’) = [EU[LVPR(L)b] GH

Current-Current
Fixed flavors g = u, ¢

O1q = [57.T?PLq] [§y" T?PLb]  Opq = [57,PLq] [a7" PLb]

QCD Penguin
Summation over flavors g = u,d, s, c, b
O3 = [37,P.b] [a7"4] O, = [37, T?PLb] [37" T?q]

Os = [37u,pPLb] [@7""7q]  Og = [S7up T*PLb] [34" T7q]

Yuvp = VYo Yp: QED Penguins are usually neglected.

v
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Overview

© Hadronic Decays
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Hadronic Decays

Exclusive Decays

Possible Hadronic Decays
B® — KOty B~ — K (e B, — nVete
BY — Kk*0pty~ B~ — K* rte~ Bs — ptti~
...and higher resonances )

Naive Factorization

assumes
(0T~ VIH|B) = (107 ]J5™|0) x (V|Jhad|B)

broken in principle by QCD: b — sgq(— ¢*¢™), but at which order?
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B — V Form Factors

Hadronic Matrix Elements

(V(k,n)[sTb|B(p))
@ non-perturbative quantities

@ sources: Lattice QCD, Light Cone Sum Rules (LCSR)
@ currently largest source of theory uncertainties

Form Factors
@ 7 scalar functions, dependent on g* = (p — k)?
@ parametrize hadronic matrix elements
@ make use of transformation properties

e Example
2V(q°)

(V(k,n)|s7"bB(p)) = T— 7 —yPpkoe""”

a /\4[3—i-/\/lv77
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Hadronic Decays

Kinematics of B — K*(— Kn)(t(~

/ \ K™ Kinematic Variables
k\ 4mi< ¢* < (Mg — My)?
—1<cosf, <1
—1<cosfk+ <1
N 0<g<2m

i

On-shell and S-Wave
@ assumes on-shell decay of K*, currently hot topic

@ for high precision consider width of K*, and J = 0 (S-wave)
Kr-final-state from K3 and non-resonant background
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Angular DiStribUtion [Kriiger/Matias '05]

Calculate fully differential decay rate for pure P wave state

d*r 3 )
~ - 0 0 i+
dg?d cos 0yd cos O +d¢p 87TJ(q ,€0s 0y, cos O+, P)

J(G?, 00,0+, d) = hssin O + Jic cos® O

+ (Jas sin? O + Joc cos? O ) cos 26,
+ J3sin? O+ sin? O cos 2¢

+ (Jasin 20k~ ) sin 20, cos ¢

+ (5 sin 20k~ ) sin 0y cos ¢

+ (Jps sin? O + Joc cos? O+ ) cos By

+ (J7sin 20K+ )sin B sin ¢

+ (Jgsin 20k~ )sin 20y sin ¢

+ Josin® O sin? 0 sin 29,
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Angular DiStribUtion [Kriiger/Matias '05, Blake/Egede/Shires '12]

Calculate fully differential decay rate for mixed P and S wave state

d*r 3 )
~ - 0 0 i+
dg?d cos 0yd cos O +d¢p 87TJ(q ,€0s 0y, cos O+, P)

J(q2, 00,0+, 0) = Jis sin O+ + J1c cos® Oxx—+Jy; cos O
+ (Jos sin O+ + Joe cos? O+ Jo; cos Ok~ ) cos 26,
+ J3sin? O+ sin? O cos 2¢
+ (Ja sin 20+ +Jyj cos O+ ) sin 26, cos ¢
+ (U5 sin 20+ +Js; cos O+ ) sin Oy cos ¢
+ (Jps sin? O + Joc cos? O+ ) cos By
+ (J7sin 20K+ +J7; cos O+ ) sin Oy sin ¢
+ (Jg sin 20+~ Jgj cos Ok~ ) sin 20, sin ¢
+ Josin® O sin? 0 sin 29,
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Angular Observables

Helicity Decomposition

guw = Zg,,msl:(n)s,,(m) n,m=t0,+,—
n,m
k. Ky '
8wt 7 = Zémnnu(n)ny(m) n,m=0,+,—
n.m

Transversity Amplitudes (SM)

o first use helicity amplitudes

Hab = n),(a) M* el (b)

@ four non-vanishing amp. H4-, Hoo, Ho:
@ transversity basis: A; || = (Hyt F H__)/\/E, Ao = Ho, A+ = Ho:

@ extended opterator basis — more amplitudes

v
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Hadronic Decays

Angular Observables (cont’)

Transversity Amplitudes (extended basis) [sobetn/Hiller/Dub '12]
@ extended opterator basis — more amplitudes
o S(') AS, (,) absorbed by At [Altmannshofer et al. '08]

® T(5): 6 new amps Ayp (ab) = (0t), (JlL), (0-L), (L), (O]}), (£1)
Habc - nu(a)wag ( ) (C)

Asp = linear com. of (Hyy,) a,b=1,0,|,L x,y,z=1,0,+,—

Angular Observables
e J; functionals of As, A,, Aap, a,b=1,0, ||, L
@ example

306
J(q%) = e AL = A2+ 16(|Ag > + [Agy* = [Aer[* = |A0L[?)]

v
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Further Observables

CP Conserving
6JS1s +3/1c — 2os + Joc

d idth
@ decay wi dr/dg® = ;
o forward-backward asymmetry
B 2dl /dq?
@ longitudinal/transversal polarization
3ch - J2c 3Jls - J2$
b T 3dr /dg? T 6dr/dg? LT

Further
@ CP asymmetries of the angular observables

@ isospin asymmetries of the angular observables

v
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q®> Spectrum of the Branching Ratio B = 75l
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gq Pollution
® 4-quark operators like O;_,. induce b — scc(— ££7) via loops
e hadronically B — K*J/1(— £1t¢~) or higher charmonia
@ experiment: cut narrow resonances Ji = ¢(1S) and ¢’ = ¢(2S)

@ theory: handle non-resonant quark loops/broad resonances > 2S5
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Hadronic Decays

q®> Spectrum of the Branching Ratio B = 75l

dB/dg? [1077/GeV?]

0 2 4 6 8 10
q% [GeV?]

Large Recoil Ex+ ~m, QCDF,SCET
@ expand in 1/myp, 1/Ek+, as

@ symmetry: 7 — 2 form factors

[Beneke/Feldmann/Seidel '01 & '04]

[Egede et al. '08 & '10]

12 14 16 18

Low Recoil g> ~ m? OPE,HQET

@ expand in 1/mp, 1/4/6%, as
@ symmetry: 7 — 4 form factors

[Grinstein/Pirjol '04], [Beylich/Buchalla/Feldmann '11]

[Bobeth/Hiller/DvD '10 & '11]

u]
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I
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1
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Overview

© B — K*(t¢~ at Low Recoil
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Improved Isgur-Wise Relations

Operator Identity

107 [Si0ub] = —(mp + ms)[Ev.b] + i9.[5b] — 2[5iD,ub]

Tensor Form Factors
@ apply op.id. to hadronic matrix elements
o left-hand side
(V(k,n)[souq”b|B(p)) ~ T1, T2, T3

@ right-hand side
(V(k;n)[37,(15)bI B(p)) ~ V (Ao, A1, A2)

e read off improved Isgur-Wise relations (k(mp) = 14 O(a?))
2

M
T1=kV T = kA T3 = ﬁq—ng
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B — K*¢t£~ at Low Recoil

Local 0 P E [Grinstein/Pirjol '04, Beylich/Buchalla/Feldmann '11]

i [ e k| T(O,(0). 3™ ()} B) = Zc,dk 2/m2, 1)(0,),,
b S b b s
e -
T -
(@ o
Operators

k = 3 form factors, s corrections known, absorbed into effective
Wilson coefficients C; g — C?fg

k = 4 absent

k =5 N?/m? ~ 2% corrections, first new had. matrix elements
eXp|IC|t|y < 1% for q2 = 15GeV2 [Beylich/Buchalla/Feldmann]

k = 6 first isospin breaking correction, /\3/m% suppressed
Danny van Dyk (Universitat Siegen) B — K*¢T2~ @ low recoil 05.11.2012 18 / 33




Low Recoil Framework Put Together

SM Basis
@ TA factorize to O(ozs/\/mb,C7/\/(C9mb)) [Grinstein/Pirjol ‘04, Bobeth,/Hiller/DvD '10]

L(R) _ L(R)
Ao,¢,|| = NC o,
o f; he|IC|ty form factors [Bharucha/Feldmann/Wick '10]
@ in spin-averaged decays: only two short-distance coefficients
201 = |CH2 + |CRP? 4py = |CH? — | CR?
@ all observables are either [Bobeth/Hiller/DvD '10]

o p; dependent
e pa/p1 dependent
o free of short-distance coefficients

[~ P1 AFB ~ & FL . SD free

v
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Optimized Observables

@ no form factor dependence by design

2
HY) = V2 = sgn (o)
V—J2c(2h2s — J3)
H(T2) = bels =2
V—J2c(242s + J3) pP1
HY = Bedos =22

2y/(23, -2 M

° H(Tl) probes the OPE

° H(T2’3) sensitive to Cy/Cqq

[Bobeth /Hiller/DvD '10]
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Beyond the SM [Bobeth/Hiller/DvD '12]

Amplitudes (extended basis)

@ all TA factorize for £ = e, ;s and in absence of scalar operators

L(R L(R L(R L(R
AO,(H ) = —NC ( )ﬂ)’H A (R) = +NC ( )f
Aot)L ~ Cr(5)

1 1 * *
s = JUCER +ICHR) g2 — (CRCR — chet)

~

1 Aoy ~ Cres) Al L) ~ Cr(s)fo

More Optimized Observables
@ existing observables

HE = HE) = 2Re (p2) /\/ Py 0}
@ new observables

@ — V2
T /= 2J25+J3)

—J
HY = ——=— =2Im(p2) /\/p1 p{

B — K*¢T ¢~ @ low recoil

m (p2) /\/p1 PT

Danny van Dyk (Universitat Siegen) 05.11.2012 21/33



B — K*¢t£~ at Low Recoil

Beyond the SM (Cont’) [Bobeth/Hiller/DvD '12]

Relations at Low Recaoil

Scenario \H(T1)| =1 H(Tz) = H$_3) Hsf‘) = H$§) J7=0 Jgo =
SM v v ) v v
my LR A my LR A %
SM®S, P 2/ g Re (c, As) ) g 'm (c+ AS) v
MK* T my T MK* T my %
SMeT, T5 Q" Q Re (Pz) 0 Im (Pz) Q Im (C;CTs) Im (p3 )
SM ® SM' v v v v Im (p2)
M. . My T R T
all Q’; ol Re (Cr5A%) o ' (pg >) Im(Crgd3)  Im (,)g ))

pi ~|Cr* +|Crs/? p3 ~ Re(CyCrs)
As=Cs—Cg Q= mp,\/q?
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Factorization

Scenarioc | HM  HP) HE®  pl® o)
SM v v v = =
SMS,P | v A v — —
SMeT,T5| v v v v
SMeSM' | v v v v
all oA Vv

—: vanishes in that scenario
v: form factor free up to m;/Q
Ap: factorization broken by terms oc Ag
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Global Fit and Constraints on C;
.
Overview

O Global Fit and Constraints on C;
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.
G IOba I F lt [Beaujean/Bobeth/DvD/Wacker '12]

Method [sce also Dissertation Beaujean '12]
Black Box!
@ explore with Markov Chain Monte Carlo
@ group samples with Hierarchical Clustering
@ sample efficiently with Population Monte Carlo [kibinger et al. 0]

see also talk on sampling in high-dimensional spaces (informal seminar)

Implementation
@ EOS: C++, open source GPLv2
@ programs for evaluation of observables, uncertainties, fits

@ available via

http://project.het.physik.tu-dortmund.de/eos/source
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http://project.het.physik.tu-dortmund.de/eos/source

Inputs

Exclusive Decays

e B — K*ti~, large & low recoil
observables: B = I, Apg, FL. A(ﬁ), S3
experiments: BaBar, Belle, CDF, LHCb, several bins each
e B — Kiti, large & low recoil
observables: B several bins each experiments: BaBar, Belle, CDF
(LHCb is now available!)
® By = ptpm
observable: B(t = 0) (see [de Bruyn et al. '12]) experiment: combination
ATLASH+CMS+LHCb (best upper bound to date)
e BY = K*(— Ksm0)y
observable: B, Sk+~, Ckxy
experiment: CLEO, BaBar, Belle
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Parameters

Interest: C, 44

3 real valued parameters, flat prior

Nuisance: Subleading Contributions

one factor per amplitude (6) per kinematic region (12 altogether),
gaussian prior

Nuisance: Hadronic Parameters
@ B — K* form factors (BZ2004: V/, A1, A), gaussian prior
@ B — K form factors (KMPW2010: f), gaussian prior
@ decay constant fg_, gaussian prior

Nuisance: CKM Wolfenstein Parameters

input from UTHTit, tree level results, uncorrelated gaussian prior
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Global Fit and Constraints on C;

Results for Parameters of Interest

95% credibility regions

15

10

—10

=15

—15

-10 .
Cr

all regions include B — K*~ inputs
blue incl. B — K*¢T 4~ (low)

5 ® 5 ’
S 0 S0
0.5 0.0 0.5 1

0 —-15 =10

lght red all data + Bs — ptpu™

-5 0 5 10 15
Cy

incl. B — K{T¢~ (high + low)
greenincl. B — K*¢T0~ (high)

dark red same at 65%
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Global Fit and Constraints on C;

Results for Different Sets of Priors

75 —1.0 -1.0

45 —35f ! —351 :

15 - —6.0 6.0
_ 2070 —0.35 000 _ ~0.70 —0.35 000 _ 15 15 75
K E E

-2 © 60 © 60

-5 35 ! 351/

-8 10 1ol

0.00 0.35 0.70 0.00 0.35 0.70 -8 -5 -2
Cr Cq Cy

color: normal priors (dark: 68%, light: 95%)
lines: wide priors (solid: 68%, dashed: 95%) diamond: SM, cross: MAP
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Global Fit and Constraints on C;

Results for Parameters of Interest

G

Co

ClO

68% | [—0.34,—0.23] U [0.35, 0.45]
95% | [-0.41,—0.19] U [0.31, 0.52]
max —0.28 U 0.40

[-5.2,—4.0] U [3.1, 4.4]
[5.9,—3.5] U [2.6, 5.2]
—4.56 U 3.64

[~4.4,-3.4] U [3.3, 4.3]
[~4.8,—2.8] U [2.7, 4.7]
—3.92U3.86

68% | [—0.39,—0.19] U [0.30, 0.48]
95% | [—0.53,—0.13] U [0.24, 0.61]
max —0.30 U 0.38

[-5.6,—3.8] U [2.9, 5.1]
[-6.7,—3.1] U [2.2, 6.2]
—4.64 U 3.84

[~4.0,—2.5] U [2.6, 3.9]
[~4.7,-1.9] U [2.0, 4.6]
—3.24 U330

upper: normal priors
lower: wide priors

Very good agreement with the SM!
From 59 exper. inputs, only one pull > 20! (B[B — K*{T{"]~16 Belle)

B —

K*£7 2~ @ low recoil
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Global Fit and Constraints on C;

Results for Nuisance Parameters

B — Kite~

0.30 0.3 0.40 0.45
f+(0)

f.(g®) form factor, two parameters,
z parametrisation

dotted: prior

dashed: only B — K/*/¢~ data
solid: all data
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B — K*(ti(~
v
— Ca P
- Cay |
prior \
06 0.87 1.0 1.2 ) l-l

G
V(%) = CvV(q?), etc.
considerable shifts (~ 10%) in V
and A,!
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;
Conclusion

Low Recoil
@ systematic framework, rich phenomenology
@ large number of stable relations between Hsf)
o framework/OPE can be probed

@ LHCb providing more data, looking forward to Super Flavor Factories

Global Fit
@ best fit close to SM, within 1o, SM wins over model-independent fit
@ extract information about form factors, subleading contributions
@ slight tension between B — K and B — K* form factors ~ 10%

@ inclusive decays B — X /0=, B — Xs7y w.i.p.
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I——.
CP Asymmetries at Low Recoil

Optimized CP Asymmetries

_ P2 p2

(1) _ =P () _ _p D

acp = Acp = o1t acp = AcpFB = 2

L0 _ Relpe—p2) 3 @ _ Im(p2—p2) a5
acp=—— = ~H acp=— = ~Hr
P11+ pP1 p1+ p1
driven by
2myM
Im(Y) = Im (Yg+ Mb Bw)
g2

compare

C5' =Cro+ Y70
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Y at Low Recoil

2 1 1
. Im{yc€ .........
"-,‘ Im{gfg ------
B Im{Y} =—
. Im{Y*O
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0.5
0
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@* [GeV?]
Danny van Dyk (Universitat Siegen) B — K*¢'¢~ @ low recoil 05.11.2012 35/33




	FCNCs in Effective Field Theory
	Hadronic Decays
	BK*+- at Low Recoil
	Global Fit and Constraints on i
	Appendix

