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Probing ¢s with Bs — J/1ss decays

eiCPs eiA¢f
bt s Mixing-induced net @ 9

w “x" o CP V|olat|on ‘

?
s I3 h
b5 + Ay
‘ Bs — J/1) (sS = ¢) ‘ LHCb B, — J/¢K K~ (1Y) .
e LHCb B, — J/¢rta~ (37 -
{¢(1020), /o(980), ...} — KK ATLAS B, — J/y¢é (57" B
—— o _
small S-wave CMS B, — J/¢¢ (20fh71) ——
DO B, — J/¢¢ (8 fh ™ ——e—r
| Bs — J/1 (s5 = 15(980)) | CDF B, - J/v6 (101™) ————
S.Stone, LZhang; 0812.2632 (naive) weighted average SYE s
{1,(980) } ot —60° —40° —20° 0° _ 20°
e

Are we sensitive to smallish New Physics?

( Address assumptions A¢s = 0 and £(980) = ss j

Note: A¢; = 0 at tree-level is convention dependent. Strictly 3™ = —2 arg(— Vs Vyp / Ves Vi)
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Extracting ¢s from Bs — J/v¢

4 transversity amplitudes:

CPeven: ||, 0 K
CPodd: L, S —
Disentangle with angular analysis!
,Z,; = A(Eg — (J/VKTK™)p) 20 angular observables:
NP - o P
N R () e (05
Key time-dependent |An()[? — |E(l‘)|2 _ Chcos(AMst) + Shsin(AMst)
observables: |An(t)2 + [An(t)?  cosh(ATst) + AR sinh(ATst)
_9A s [1—=Ch __ing, o
An = DAy e \nf/ irc, Che (Ch : direct CPV)
CP eval
21m(/\h) .
e.g. Sp= =npV 1 — Cpsin(¢s + A¢p) foreachh € {||, L, 0, S}

1+ [
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Penguin pollution in Bs — J/¢¢

e : AL AL+
i, bh eleh = Rb 7 P,/l:\c P,/l‘:\t
Penguins loop and OZI rule

Ane Apengin suppressed: b ~ O(107?)
he{|l, L, 0, S} Non-perturbative hadronic
enhancements?

A(Bgﬁ(J/d’Sé)h):AT,h Ves + App Vip Vus + Ay Ve Vs + Apy Vip Vis + - -

SM i~ i
=Ap |1+ € €e7by el , (6 = 1)‘2/\2)
0.05

LHCb Bs — J/9K*" K~ analysis
Ch =~ (—10%) x by sin6y, included universal C # 0 (|\| # 1):

(6°) x by, cos b C=(6+4)%

S.Faller, R.Fleischer, T.Mannel; 0810.4248 LHCb: 1304.2600
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Controlling penguins via flavour symmetry
SU(3)r flavour symmetry: u, d, s degenerate in QCD

(ms — mu,d)//\QCD ~ st/de —1 ~ 20% broken

A(Bg — (/v dqh) "= ~AAy 1= K € byl

1

Candidate (future) control channels: s-raier, R Fieischer, TMannel; 0810.4248
o BY — J/yK - flavour specific: combine Cp, with Ty
BR(Bs — J/yK%) = (4.4705 £ 0.8) x 105, LHCb: 1208.0738
e BY — J/1p° - also mixing-induced CP observables Sy

BR(By — J/9p°) = (2.50 £ 0.107%12) x 105, LHCb: 1404.5673

Note: K%, p° SU(3)r octets, whereas ¢ = s includes a singlet {¢o, ¢s}
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Flavour symmetry: examples and breaking corrections
Example: penguin pollution in By — J/1 Ks: extracting g + A¢pk
Control channel: By — J/v ©°
|3(8¢/uk) = O(1°)
Including also Bs — J/v Ks results + other SU(3)r related decays:
Aduug = (—0.97°5%)  [b=017"4R, 0= (1824%3)]
K.De Bruyn, R.Fleischer - in preparation; R.Fleischer BEACH 2014 talk

SU(3)r breaking corrections

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

M. Ciuchini, M. Pierini, L. Silvestrini, PRL 95 221804 (2005)/ 1102.0392

0.020

0.015
Full fit of By,a,s — J/¢¥{K,n, (ng)} including linear
SU(3)r breaking terms
M. Jung, Phys.Rev. D86 053008 (2012)

0.010

0.005

0.000

AScp(B° = J [ Ks)

e Breaking terms crucial for goodness of fit
® Adyryrs S1°
-0.010

e similarly eventually apply to -0z 00 02 o4
BU7dys — J/¢{¢,W7P7 K*} SCP(B"ﬂJNfK\')

—0.005
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Extracting ¢s form Bs — J/ynt

Resonance model fits

LHCb analysis of Bs — J/¢¥X; X — 7 n~ Solution I (X 100%)

LHCb 1402.6248, 1405.4140, L. Zhang, S. Stone 1212.6434. s
e £(980) 70% or 92% dominant
e Sum of resonances 97.5% CP-odd @95% CL w_%
allowing for universal direct CPV Crr # 0 (|A| £ 1)

70.3%

£o(1500)
Crrx = —2¢ 8iNY brr SiNOrr + O(2) 2 (11.6 £5.5)% Solution IT (S 110.6%)
10% fo(980)
Aprr = 2€8iNy brrCOSOrr +O(2) = 77 92.4%
P S
fo(1500)

How well are light scalar states (0"") understood?

Is the £,(980) an ss state?
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What is the £ (980)? ™ =o)

qE’ state [from here on: fy = #(980) and o = £,(500)]
e fy \ _ [ cosey siney ss
@ o ) =\ —sinpy coseuy % (ut + dd)
)

tetraquark state

[9q](5a] (%)

( cosw —sinw ) < J5 ([sul[58] + [sd][54]) >

sinw  cosw [ud][td]

Small mixing w < 5° predicted?
L.Maiani, F.Piccinini, A.Polosa, V.Riquer - hep-ph/0407017;

G.'t Hooft, G.Isidori, L.Maiani, A.Polosa, V.Riquer - 0801.2288

(a mixture, or a KK molecule ...)

Extra decay topologies possible

R.Fleischer, RK, G.Ricciardi; 1109.1112
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Constraints from By — J/¢n n

BR prediction in tetraquark picture: rreischer, Ax. G Ricoiard: 1109.1112

BR(By — J/fy [ 7 n7])| ~(1-8) x107°

tetraquark
LHCb bound: < 1.1 x 1076 (90% CL) wrce: 1301.5347
Predicted relation to o decay: s.stone, L.znang; PAL 111, 6 (2013) - 1305 6554

BR(By — J/¢fy) ®4(o) N tan® oy qq
BR(By — J/¢0o) dq4(fy) % tetraquark
——

phase space

LHCb bound: 0.01179%12%%89 or < 0.098 (90% CL) tHcb: 1404.5673

Conclude: (?)
e tetraquark picture ruled out by 8 o
e fy mostly ss due to ¢y < 17° (90% CL)
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Another look at the tetraquark picture (I)
R.Fleischer, RK, G.Riciardi in preparation
Sub-leading topologies? @ e
In By — J/4(dd) sub-leading topologies not b
CKM suppressed! » ﬂ. .
Unique topology for By — J/[ud][td] ' -d [d;[ﬂd]

Enhancing By — J/¢o?

d
Non-trivial mixing?
e Bound w < 5° from 2004 using m,, = 797 MeV (x = [su][td]; ...)

L.Maiani, F.Piccinini, A.Polosa, V.Riquer - hep-ph/0407017;
G.'t Hooft, G.Isidori, L.Maiani, A.Polosa, V.Riquer - 0801.2288

e With updated mass m, = 682 MeV (PDG) we find [w ~ 20° |

— <[su][ém;§[sd][éa1

From dd seed f, production vanishes at:
w=tan""(1/v2) ~ 35° (SU(3)r limit)

) — sinw [ud][Td)]
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Another look at the tetraquark picture (ll)

R.Fleischer, RK, G.Riciardi in preparation

2 2
oot — BR(Ba — J/v fo) ®4(0) | Ay st _ BR(Bs = J/9 fo) $4(0) | AL
97 7 BR(Bg — J/1 a) &q(f) | A | 0 D7 BR(Ba — J/1 o) ds(fo) | Ap |
2 0.023191%) < 0.24 (95% CL) Z0.6179%

H — 1 for no mixing and no sub-leading topologies

@ T 25
b

2.0
(e fud] 1.5]
‘o

Relative size special topology: e 05 L )
0.0 ..l" "./', C
A' —0.5H == H}/ 95% CL excl. 1 /.-
K = Fn’b% “LOH — gl =002 ,77‘7/
A9 4 Al B (R -
=200 - H} 20 contours ’
For illustration: ' € R, b(,) =0 “2350 75 60 45 30 15 0 15 75 90

w [deg]
e moderate mixing w ~ 20° resolves all experimental tensions
e sizable Z\Qq topology could be present (|x’| ~ 0.5)
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Consequences of f tetraquark picture

BR(Bs — J/v ) da(0) | AL

HS,f = o eg) 0.61+0.32
97 = BR(Ba — J/4 ) Ss(h) | 4 oz
1 © gQ Y mixing
— 1 2 neglecting sub-leading topologies
—_— tetraquark
1+% tan w

HS’Z ratio to watch

For sizable |«'| ~ 0.5 and Asq ~ Ay,
extraction of ¢s from Bs — J/v f has:

A¢y ~ € siny - Re(k) ~ £1.5°
30

Nature of fy relevant for By — J/¢nt 7~ analysis!
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Conclusions

e Excellent exp. ¢s progress from Bs — J/¢y {KTK~,ntn~}
— (alas) no clear signal of NP

e Sensitivity to small NP requires control of hadronic
uncertainties in decays e.g. penguin diagrams

e Treat uncertainties in Bs — (J/v 88), 10,5 Separately '—f'-.-?-».'
— can control with flavour symmetry related modes e

— eventually full SU(3) fit including breaking corrections .
. e Suitability of £,(980) for precision ¢ extractions debatable = =
3 — tetraquark picture still compatable with data o
T — unique tetraquark dynamics give sizable uncertainty - -
L
J e Average ¢s + A¢; results carefully
Vo
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Backup
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General approach

<A_,, = ABBY = (/KK ™)) = \A}\e’*ﬂ) for he {|, L, 0, s}
Assuming no penguin pollution:
An=An = |AJl, IALl, Ao, |Asl, 6 — 80, 61 — 8o, s — 8o, ¢s (8 params)
Flavour symmetry approach assumes SM:
A 4, (1 + ebheiehe’"’> , A, (1 + theie,,efm)

General approach: no assumptions 8. Bhattacharya, A. Datta, D. London, 1209.1413

(o) (o) (o)

A Opw = arg(Ap) — arg(Ap) :
‘Ah|7 |Ah|» hh Sl hn 7 indep., ¢s (16 params)
Dppy = arg(Ap) — arg(Aw )

® Still can't isolate ¢s - need one theoretical assumption e.g. Dgg =0 ...

Do = arg(AS Ag) = 2¢by cos fsin~y = Ay

® Upshot: only 1 assumption > 8 assumptions
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Penguin pollution in ¢4 extraction

K.De Bruyn, R.Fleischer - in preparation; R.Fleischer BEACH 2014 talk

— =20
80 \
] \ /
=2 5 ‘ v 0
S 7 = AGHBy = J/ur)
< _ \ mix(B0 _y J /o
3.0 a=017701 o AG(BY — J/un?)
e H(Byjq — J/y)
—35] 0= [1824747p P N
X ‘ mm AH(B; — J/urh)
A¢d — [—OA97+0‘72]° ’
—40f 39% C.L e = AGB) = J/YK) ]
=X O dir ( 3+ +
—45Hc=2 68% C.L. mm A(BI = J/KT) ||
£7290% C.L. — H(B) = J/YKQ)

75'%0 110 130 150 170 190 210 230 250 270
0 [deg]
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Tetraquark picture

tetraquark: diquark—antidiquark (colour) bound state

‘ diquark = [g1 @z], colour 3, flavour 3, S = 0

e light scalar nonet:

o = [ud][Td] x = [sul[d]; [sd][Gd] (+c.d)
su][3T] + [sd][5d - [su][50] — [sd][5a __
fo= M ay = [su][3d]; M; [sd][5T]
\/é \/E
7q - nonet Known Scalar Mesons
s Mass
- = 1500 MeV —_— £, (1500)
—— ——mma—— (150,
ISUJ[LG] . i — £,1370)
s uu+dd
[su][ds] __ | o
. qqqq-nonet 1000 MeV|  mm— —_—— (050
- - erdd [su)(d@s]
7 [ud][ud] e p— s (300}
[ds](ds] o (s g -
Fsullsul dlE, Vel =
£,(600)
@ Judlid] 500 MeV.
- El 0 1 Isospin

R.Jaffe; hep-ph/0409065
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Tetraquark mixing angle estimate
Assuming M; = M, estimate of mixing angle is:
L.Maiani, F.Piccinini, A.Polosa, V.Riquer; hep-ph/0407017
Mz, + Mz — 2M2
Mazo(eso) - Mz
Update M, = 797 £ 19 + 43 MeV — M, = 682 + 29 MeV (PDG)

L B = 3.

cos 2w + 2V2sin2w =1 + 4

3.0)

25|

2,0|

15|
Lof

Eq(7) from hep-ph/0407017

-45-40-35-30-25-20-15-10 -5 5 10 15 20 25 30 35 40 25 ~75 -60 -45 -30 -15
w [deg] w [deg)

Using instead data from strong/EM decays of light scalars:
F.Giacosa - hep-ph/0605191

w=—12° (X = 0.65),w = 21.6° (X =5.17), w = 35.8° (% = 2.04)
Or: FGiacosa, G.Pagliara - 0905.3706
w=(12+8)° (x*=1.17)
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Impact of penguins on tetraquark picture

— ]
—  H;/ without penguins (¥ =0)

do

- - H}! with penguins (b'=0.3, ¥ =180°)

o1 HY/|,<0.24@95% CL (LHCb)

002 H}! =0.617$ (experiment)

do

The A',, topology is not included (x'=0)

H;f{{ for q G{d,s} (in 4q picture)

R.Fleischer, RK, G.Riciardi in preparation
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