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The search for New Physics

‘ CP observables — SM predictions ‘

¢Jve (rad)

) - e Possible to distinguish
- smallish New Physics?
e ey ] e Can we complement the current flagship

analyses?
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The search for New Physics

‘CP observables — SM predictions ‘ § B T
C wm?w (rac) L
] e Possible to distinguish
- i smallish New Physics?
e oy ] e Can we complement the current flagship

ool analyses?
® |n pursuit of new physics with B; — KTK™ R. Fleischer, RK (arXiv:1011.1096)
® Anatomy of Bg 4 — J/% £(980) R. Fleischer, RK, G. Ricciardi (arXiv:1109.1112)

® Effective lifetimes of Bs decays and their constraints on the B?—E? mixing parameters R. Fleischer, RK

(arXiv:1109.5115)

® Exploring CP Violation and n-n’ Mixing with the B?d — J/wn(/) Systems R. Fleischer, RK, G.

Ricciardi (arXiv:1110.5490)
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New Physics in B*~B? mixing?
Mixing

AM,, ATs =Ty, —Tqg A¢, C (direct CPV

)
L, hadronic
s } . physics } ? @

[(Bs(t) = ) =T(Bs(t) > F) _ . .
F(B(t) o ) T T (Bult) o ) mction (am.. ar., [6.+ A9, €)
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B; — ¢css

.
).

Apee Ap, Penguin

A(Bs — Ec58) = ApV;, Ves + AV, Vi + AS V2, Vs + ALV, Vi +

14+ € e"Vbe’P], (65%2)
0.05

=A

Alut) C = —2ebsinysinf+ O(e?)
be = (1 -3 |v (%) A¢p = 2¢ bsiny cosf+ O(e?)
O\ Aptal?) et
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Penguin control via flavour symmetry

Ve
Bq PR “" +
Bq
-
7

Ayeo APpenguin
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Penguin control via flavour symmetry

Ve
Bq PR “" +
Bq
-
7

Ayeo APpenguin

SUB)r

A(B, — &cd q) ~AA

1—- K€ e7b ei9]
~—
1
e Example: By — J/1K® to By — J/i 7%

b€ [0.15,0.67], 6 € [174°,212°] =  A¢Y, k0 = [-3.9°,-0.8°]

S. Faller, R. Fleischer, M. Jung, T. Mannel, PRD 79 014030 (2009)

ASp,sjpk, =0.00£0.02 = A¢J,, k0 = (0.0+ 15)°

M. Ciuchini, M. Pierini, L. Silvestrini, PRL 95 221804 (2005)/arXiv:1102.0392
e Soon also B — J/1 K°

K. De Bruyn, R. Fleischer, P. Koppenburg, Eur.Phys.J. C70 (2010) 1025-1035
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Which B, — J/1) s5 ?

e The flagship decay
(Vector-Vector):

Bs — J/v ¢

requires a time-dependent,
e tagged,
¢ angular analysis ®

LHCb —fo—

DO

CDF —_—

—60° —40° —20° 0° 20°
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Which Bs — J/1) s5 7

e The flagship decay
(Vector-Vector):

Bs — J/¢ ¢

requires a time-dependent,
e tagged,
¢ angular analysis ®

¢ (Vector-Pseudoscalar):

Bs — J/ipn")

LHCb —to—

e (Vector-Scalar): bo
CDF

Bs — J /v 1(980)

—60° —40° —20° 0° 20°
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Bs — J/ym)

In) = cos w\} (u@) +|dd)) — sin gp|ss)
') = cos ¢g sin ¢P\/— (lud) + |dd)) + cos ¢ cos pp|s35)) + sin ¢ |gg)
30° < gp < 45° and  |dg| ~ 20°

C. Di Donato, G. Ricciardi, I. Bigi, Phys.Rev. D85 013016 (2012)
A.S. Dighe, M. Gronau, J.L.Rosner, Phys.Lett. B367 (1996) 357-361
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Decay topologies

Colour-suppressed Tree Penguin Penguin Exchange
/) u, ¢t 0
wa,dd,s s J/b @ I/
By
B” N
w @ wi,dd,ss
Exchange Exchange ‘ l Penguin Annihilation ‘
() (u) (q)
A Ap’ Api

Control: consider By — J/¢n():
e hadronic parameters: different ¢p, ¢ dependence
e Possible if AT7 Ap > AE7 APA ‘
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Topological hierarchies from flavour symmetry

A A
At

<0.1

1 | BR(By — J/¥9)
BR(By — J/1K*0) ~

Y

Belle, Phys.Rev. D78 (2008) 011106

Constrain ALY with BR(B; — J/ym°) (last update L3 1997)
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B, — J/ym"") experimental progress

o Belle results:
BR(B;s — J/im) = 5.10153 x 10°*  BR(By — J/¢n) = 12.3715 x 107°
BR(Bs — J/¢m') =3.7174% x 107* BR(By — J/yn’) < 7.4 x 107°
M. C. Chang et al, Phys. Rev. D85 (2012) 091102
Belle Collaboration, Phys. Rev. Lett. 108 (2012) 181808
o Difficult LHC signature:

rominentl;
(np y v, 7r0

o Better suited for Super “flavour” factories!
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Determining the n) mixing angles

Assuming Ar, Ap > Ag, Apa :

n _ BR(B. = J/un) < o )3

BR(Bs — J/ym) \ &F
cos? ¢; ° CDqP . phase space
= =0.91+0.18
tan? op
90 T
o= R ) (%) 4N
BR(Bd — J/wﬂ'o) ‘DZ 60 /
= cos” pp = 0.77 £ 0.14 B
540
’ n 3 o0 ' i NN 1 For illustration only
o, — BR(Bs = J/ym') [ &5 » ' I\ \ G T
"7 BR(Bs — Jfun) \ @} iR BEE e
— COS2 ¢G tan2 (bP — ?? 0 5 10 15"20 25 30 35‘ 2[]}74[30;’[]) 55 60 65 70 75 80 85 90
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Bs — J/ £,(980)

S. Stone and L. Zhang, Phys. Rev. D 79 (2009)

Bs / Bs — J/v ¥ £(980)

f0(980) fa] 18(JFC) =0 (0* ) fo(980) Section References

See also the minireview on scalar mesons .

Mass m =(980+10) MeV
Full width I = 40 to 100 MeV

(980) DECAY MODES

Fraction P
ri Mode (riln (MeV/c)
] mn dominant 471
I KK seen -1
s yy seen 490
Fy e 490
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What is the £,(980)7

Quark-antiquark picture

@? S=1, L=1 — J=0

sin ©“m -

NG (uo + dd)

7(980) = cospp s5 +

Tetraquark picture

o (060) = T \J/rﬁ[sd][h_!]
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Decay topologies

‘ LA Q-
Oﬂ 0;@) Oﬁ) Quark-antiquark f,(980)

Qo A =@ e ) mixing angle dependence
wit @@ ¢ g g p

| [
L AT e L Ap l b
I | I \
| (q) T | P
A ’\
B! Cr BY LAY wd
e I |
LA T wd fo ! !
] o ] I
A
[ ulfus] (s ds)) oA [su H 5 Ls lJ/J
Ap, f
BN | s 1 g

Tetraquark £,(980)

e new topology: Azq

An exploration of Bs — J/1 s5 Rob Knegjens (Nikhef)



Proposed control channel: By — J/v f,(980)
o Useful if :

‘ATyAP > Ag, Apa, Aaq ‘

e Constrain Az, with BR(Bs — J/v) a3(980)) if
1
V2

e Assuming v = 68° and At > Agthers:

29(980) = —=([su][57] — [sd][3d])
A¢J/¢,fo € [—30,30], CJ/wfb < 0.05
e Predict:

BR(By — J/v¢ fo; fo — 7r+7r_)

t 2 _
~(1-3)x107% x [angst]” 99
1 . tetraquark

An exploration of Bs — J/1 s5 Rob Knegjens (Nikhef)



Sier =1 = Cuypp? sin(ds + Doy p)

— Combined (in quadrature)
0.15 3

0150 b = 02103

0.10Hm ¥ =180+ 180 °

mm oy =68+£7°

5(B; = J/¢fo)

—0.25

~0.30

Rob Knegjens (Nikhef)
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What about untagged measurements?

CDF, Phys.Rev. D84 (2011) 052012

Ty = 1705017 £0.03 ps
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Effective lifetimes

(M) =T(B(t) = f) + T(Bs(t) = )
oc e Tt [cosh(Al s t) + Aar sinh(Al t)]

Fitting %e‘t/%ff gives:

Jo© t () dt
Teff = oo = 5.

fo (r) dt
TB, (1 +2Aarys +y52)

\/\V/V\N\m T1-y2\ 1+dary

Decay rate [ps~!]

ere . =
W Vs =1,
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What about untagged measurements?

volume 71 - number 12 - december - 2011

CDF, Phys.Rev. D84 (2011) 052012 ( :

TJ/’LP fb = 1'701_8%% :l: 0.03 pS @Wwwmwawm

Particles and Fields

Using:

Th
Al?
s
A. Lenz and U. Nierste, arxiv:1102.4274

= 0.133 £0.032

7/ f, deviates 1o from SM
expectation
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Contours in the ¢.—Al; plane

B, — T, 27, — T, 7B, + T,
ys3_|_ ( Bs of‘f) ys2 + ( Bs cff) ys+ ( Bs cff) —0
Tet Aar Toff Tot Aar

Alp=—n /1 - C? cos(¢s + Adr)

Assuming;: 0
— 01
A¢pr =0, Cr=0 A ‘
£ 0o
2,,
Af _ — COos ¢s : f(‘\'cn M
ar +cosds 1 fodd o . g
—03 77, = 1.38 ps
o . - 77 =158 ps
—I80 1% -0 —B B 00 1B 10
o, [deg]
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CP odd and even ingredients
e CP Odd: Bs — J/1 f,(980) LHCb, 1204.5675
T/ fy = 1.71 + 0.03 ps, A¢J/»¢f0 S [—30730]7 Cj/d, fo < 0.05
e CP Even: B, — KTK~ LHCB-CONF-2012-001
Tk = 1.468+0.046 ps, Adyix = — (10.53};)0, Cuix = 0.09

R. Fleischer and RK, Eur.Phys.J. C71 (2011) 1532

Al [ps™!]

= e = [L71£0.08] ps
= Tk = [1468 £ 0.046 £ 0.006] ps
=z 68% CL of ? fit

‘ 500 B350

0
»s [deg]
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Untagged determination of B; mixing parameters

0.4% \\\ //TJ/WU
0.3- 2
0.2F
0k TRK
[72] E .
S 0.0 3
Z-015
020 | [== Do: 68%, 95% CL (8 fb~!)
N 3\|==2 CDF: 68%, 95% CL (10fb") | >
-0.3F == LHCb: 68%, 95% CL (0.3 fb~1) [*-___- .
L0.4F —— LHCb: 68%, 95% CL (1 fb~*)
E ==z Lifetimes: 68% CL \
-3 2 1 3

0
¢; [rad]

Note : |o¢s + Aqu\/w # bs + Ady iyt (980)
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Summary

e CP observables — SM predictions

Disentangle New Physics 4
from SM Hadronic Physics @

e Bs — J/1'5s good decay mode for mixing-induced ¢s
determinations, but. . .
e Left uncontrolled, i.e. Asthers ~ AT, in SM:

A¢p € [-3°,3°] (particularly for f(980))

e Taking 1,7, f5(980) for s3 meson avoids angular analysis
e Control possible with By counteparts if:

Ar, Ap, > Ag, Apa, (A4q)

e Can constrain ¢s, Al with pair of effective lifetimes for
CP even and odd final states
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Backup
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Hadronic uncertainties

T — ) T
0.4t = ADy g = [-2.9°,2.8°]
o) A@[‘w['— = — (105tgé)o
0.3f
T
[%2]
K>
~0.2f
—
< TK+K- = 1.47 ps
0.1r
0.0 ‘ ‘ : : ‘ -
=180  —135 -90 —45 45 90 135 180
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)
¢s [deg]
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Future precision

0.3r

0.2¢

0.1f

0.0

AT, [ps™]

—0.1

—0.2

-0.3

—0.4p

1 Errors are for illustration,

4

= s =171 ps £ 1%
3 TK+K- = 1.468 ps + 1%T

5180

180 —135

An exploration of Bs — J/1 s5

T R— 5

)
¢s [deg]
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Fitting an effective lifetime

At) (T(t) o AlReT
Frue () JoT A(t) (T(2)) dt’ fur(:7) = Jo o A(t) e~t/™ dt

Minimise : —log L(7) = —n/ dt firue(t) log [fas(t; 7)]
0

1.009

St A)eYTde [t AE)(T(¢))dt \
fooo A(t)e—t/Tdt B fooo A(f)<r(t)>dt m(,;‘:j“\,

=
Limit that A(t) =1 : S SN
a Lootf] e Aar=—09] "+
we Aar = 05 [
fO t <r(t o 0g90f| — Asr =00
T= = Teﬁa Aar = +05
f <r(t)>dt norf| * Aar =109
0 = LHCh 10 CL
LHCb 30 CL i
0.995 —0.20 —0.15 —0.10 —0.05 0.00 0.05 0.10 0.15 0.20
Ys
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Controlling the CP Even Decay Mode
B, — KTK~

Bs

S
ABY = KYK™) = AC [ew +=de
€

e Use U-spin flavour symmetry:

‘interchange s> d quarks‘

Related to By — 7 7~
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U-spin determination of hadronic parameters and

b b b i

ik
Vih,,

Vet

W W %
7 [degl]

v=(68+7)°, d=050"012, 0= (154"1})°

Agyip- =—(10.5733)° | Cyix- = 0.09£0.05

R. Fleischer and RK, Eur.Phys.J. C71 (2011) 1532
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Bs — J/1¢ hadronic uncertainties

Measure :  ¢s + A¢5/w¢

¢ Numerical example compatible with A¢y analysis
S. Faller, R. Fleischer and T. Mannel, Phys.Rev. D79 (2009) 014005

-04

-0.8+
@
'E _12t
X
<

-1.6+

Hy =144

_2 L L 1 L 1 L L
200 205 210 215 220 225 230 235 240
6 [deg]

e Future control channels: B — J/¢K*® and By — J/4p°
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Hadronic uncertainty of B9~BY mixing

Measure : 23+ A¢y

Probe using By — J/¢ Ks and By — J/i
S. Faller, R. Fleischer, M. Jung, T. Mannel, Phys.Rev. D79 (2009) 014030

Ady(deg)

90 120 150 180 210 240 27C
6(deg)

See also: Extracting gamma and Penguin Topologies through CP Violation
in BY — J/¥Ks, K. De Bruyn, R. Fleischer and P. Koppenburg (arXiv:1010.0089)
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Tetraquarks

e diquark-antidiquark (colour) bound states
o= [ud][D_El] )
k = [su][ad]; [sd][ad] (+c.d)
_ [su][32] + [sd][5d]
V2

a0 = [su][3d]; [su]lsa]

fo

— [sd][3d]

7 ; [sd][57]

diquark = [q1 2], colour 3, flavour 3, S =0

e Issues: fy — wm coupling too small, ag — nm too large.
¢ Solved by adding instanton-induced effects

A Theory of Scalar Mesons, G. 't Hooft, G. Isidori, A.D Polosa, V. Riquer,

(arXiv:0801.2288)
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Notation

The CP asymmetry:

F(Bs(t) — f) —T(Bs(t) = f)  Ccos(AMst) — S sin(AM; t)
F(Bs(t) — f) +T(Bs(t) = f)  cosh(ATst) + Aar sinh(Als t)

Observables for CP|f) =n|f) :

—0
_q AB;—~f) Cive [1=C _ing
= AB S e 1+cC°¢
- 2 &f _i
Axr—iS =51 1 /1 — C2 e i(0s+A9)
AT T TR T :
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Untagged observable: General Formalism

) —ip1 —ip2 p @fd
—igs | € + e h.e
elv1 + elip2 h 61(5

§=-ne

2¢& .
— 1— C2 ’(¢5+A¢)
1+~ " ¢

B 2hsind sin(p1 — ¢2)
- 1+4+2hcosdcos(pr — o) + h?

: _ -
A® = arctan ( sin 291 + 2 h cos § sin(p1 + ¢2) + h” sin 2o )

cos2p1 + 2 h cosd cos(p1 + 2) + h? cos 2

Aar = —ncosps  — | Aar = —nV1— C? cos(os + Ag)
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