g Nder

CERN Theory Institute: Flavour as a window to New Physics at the LHC: May 5 —June 13, 2008

Marcel Merk
For the LHCb Collaboration
May 26, 2008

Contents:
* The LHCb Experiment
e Physics Programme:

e CP Violation

* Rare Decays




= ""-: -

B -

\/s - 14 TeV.
LHCb L=2-5x1032Ccm?2s :
=500 ub
|ne| / &) b= 160
=21 ”year - 2 fb* iy

__,,_s,r e

A Eérge Hadron-Collider -Beauf-y'Experiment for PreE’is?c:)?"
Measurements of CP-Violation and Rare.Decays

-

-




The LHCb Detector

Magnet RICH 1 *'%f"_;

00 Installation of major structures is complete




A walk through the LHCb spectrometer...
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B-Vertex Measurement
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Decay time resolution = 40 fs
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Vertex Locator (Velo) -
Silicon strip detector with VSIS ,
_ . - * Impact parameter trigger
> im hit resolution * Decay distance (time) measurement
o —> 30 um IP resolution :




Momentum and Mass measurement

Momentum meas.: Mass resolution for
background suppression
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Momentum and Mass measurement

Momentum meas.: Mass resolution for
background suppression

Sm./ Pl

Mass resolution
c ~14 MeV

mg = 5.37 GeV/c®
og, = 138 MeV/c®

Bs—> Ds K
Bs 2Ds

mg= 5.42 GeV/c®
Gp,= 24.0 MeV/c®
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Particle Identification

RICH: K/ identification using Cherenkov light emission angle
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Particle Identification

RICH: K/ identification; eg. distinguish D_w and DK events.

Mggngticﬂ
Bs - Ds K [ Kaon identification performance
= LR
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N T or B
vertex - .
bt 20:— ++++++ -
UET"T".“T“.“T'. I T'*."T*r L :
20 40 60 80 100
Momentum / GeVic
RICH1: 5cm aerogel n=1.03 RICH2: 100 m3 CF4 n=1.0005

4 m3 C,F,, n=1.0014




LHCb calorimeters
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Calorimeter system :

* |dentify electrons, hadrons, neutrals
* Level O trigger: high E; electron and(hadron ) primary vertex “$
— bt
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LHCb muon detection
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Muon system:
e Level O trigger: High Pt muons = ==
* Flavour tagging: €D? =¢ (1-2w)? = 6% -

Primary vertex
T 7 ptad .




LHCb trigger

LO, HLT and LOXHLT efficiency

Detector

40 MHz | sg‘loo """ I S e
Sso g meE Basail BREE & &
LO: high p; (1, e, v, h) [hardware, 4 us] i HBHHBHEIT ' W
LdJ
1 MHz l 40
HLT: high IP, high p; tracks [software] 20
then full reconstruction of event 0 v ~ o
| EEYSEEIILLRENSES
I S S £ QK
2 kHz Storage (event size ~ 50 kB) 3 N < ERS
RO ’ g
~ i )
HLT . = . -
Event type Physics o [ . Note: decay time dependent
e = | efficiency: eg. Bs - Ds K
200 Hz Exclusive B B (core program) iy I
candidates i sttt ‘Hr 4 | il

600 Hz High mass di- Iy, b—=IhpyX s T+ +—t—' + _H;++T+
K+

muons (unbiased)
ES |1<+
D —

0 2 4 & 8
Proper time [ps] 2 12

300 Hz D* candidates Charm (mixing & CPV)

900 Hz Inclusive b (e.g. B (data mining)
b—u)




Measuring time dependent decays

L
—_y
Primary vertex F

Experimental Situation:
e |deal measurement (no dilutions)

Measurement of Bs oscillations:

Perfect reconstruction

B,->D,~m* (2 fb?)

0 1 2 3 4 5

Proper time (ps)

13



Measuring time dependent decays

—_y
Primary vertex F

Experimental Situation:
Ideal measurement (no dilutions)
+ Realistic flavour tagging dilution

Measurement of Bs oscillations:

Perfect reconstruction
+ flavour tagging

B,->D,~m* (2 fb?)

1 2 3 4 5
Proper time (ps)
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Measuring time dependent decays

—_y
Primary vertex F

Experimental Situation:
Ideal measurement (no dilutions)
+ Realistic flavour tagging dilution
+ Realistic decay time resolution

Events

1000 [-
800 |-
600 [I |

Il B.->D, " (2 fb?)
a00 [} | 1T |

200

Measurement of Bs oscillations:

Perfect reconstruction
+ flavour tagging

Proper time (ps)
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Measuring time dependent decays

— Measurement of Bs oscillations:
% “$ T ! Perfect reconstruction
bt 1000 + flavour tagging

+ background

, ; ‘- £ 600
Experimental Situation. g B.>D- " (2 b))

Ideal measurement (no dilutions)
+ Realistic flavour tagging

+ Realistic decay time resolution
+ Background events 200

i

0 1 2 3 4 5
Proper time (ps)
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Measuring time dependent decays

Measurement of Bs oscillations:

-~ Perfect reconstruction
Primary vertex F 1000 + flavour tagging
800 J‘ﬂ + background
+ acceptance
. . . ﬂ 600
Experimental Situation: g 8D (2 o)
Ideal measurement (no dilutions) L s__S

+ Realistic flavour tagging dilution
+ Realistic decay time resolution _
+ Background events 200 1
+ Trigger and selection acceptance

Proper time (ps)

Two equally important aims for the experiment:
* Limit the dilutions: good resolution, tagging etc.
* Precise knowledge of dilutions
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Expected Performance: GEANT MC simulation

Simulation software:
e Pythia+EvtGen

e GEANT simulation
e Detector response

li"??

/IIH

v

Reconstruction software:
* Event Reconstruction

e Decay Selection

* Trigger/Tagging

* Physics Fitting

Used to optimise the experiment and to test physics sensitivities .




Physics Programme

LHCb is a heavy flavour precision
experiment searching for new physics
in CP-Violation and Rare Decays

m=) |° CP Violation
* Rare Decays

19



CP Violation — LHCb Program

Bd triangle 1-4%/2 A Ale”
Vv Veew =1 =4 1-2%/2 447
Aave —apdh 1
. a=arg| ——L2 | 5 parg| ~lule
Vag ) Bs triangle V.V, V.V,
* —~
Vul” — % A%
ViV s y=arg| -2 | f =arg| -
VeV VeV
! > > 9,
W \:’7_4,"<q2 B, mixing phase (SM): ¢, =20
b wetlz  dis d,s B, mixing phase (SM): ¢, =2,
\—L“\.L_ 9 .
& < CP Program:_|s CKM fully consistent for trees,
9 boxes and penguins?
_ V*ik < Vin & 1
= — —<— . Ymeasurements from trees
b w5 _ a_ 2. 1y measurement from penguins
B W+ t W B “ .. ”
q . q 3. P from the box: “Bs mixing phase
d, v 5o Y b 4. B, in penguins

iq ib 20



l.a y+0, from trees: B.->DK

* Time dependent CP violation in interference of b—>c and b—>u decays:

B/B (1—‘/12)cosAmt—2‘/1‘ sin (6, F (y+¢,))sin(Amt)
Apix:= 2\ ALt AlTY
S (1+W }coshz—21008(5S$(7/+¢S))sinh(2j




B.~>D K

* Since same topology B.>D.K, B.> Dt

combine samples to fit Ams, Al's 4\51\;;\ i
. Primary Vertei;j‘ :
and Wtag together with CP phase y+(.. "~
1800 F 2
[ £ 300
1600 ‘ & 10 fb! data:
1400 & =0 B> D, T e Use lifetime difference
] 200 B.—> D, K* AT's to resolve some
1200 F /R 150l ambiguities (2 remain).
E ‘ : Am, = 20)
1000 ' hats
800 | o(y+d,) = 9°—12°
i 0 0 - — 2 — 3 — 4 — 5
600 :_ ; ‘ proper time (ps)
- ¥
400 - o s Channel | Yield B/S
200 [ WA (2 fb-1) | (90% C.L.)
o LU N Bs>DsKk 6.2k  [0.08-0.4]
0 T—=2 3 4./5 6 Bs>Dst 140k  [0.08-0.3]
Decay Time -
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B ->Dm and B,->D_K

B = D(*)m measures Y in similar way as Bs=>DsK
* More statistics, but smaller asymmetry

* No lifetime difference: . I ey
3~fold ambigty for y solutions o

LHCb-2005-036

Bs=>D*(Km)m 206k <0.3
B->D 1t 210 k 0.3

< F

= 18 Invoking U-spin symmetry

(d¢>s) can resolve these
ambiguities in a combined
analysis of DsK and D(*)pi
(Fleisher)

1.6F
1.4F
1.2

0.8
0.6

Can make an unambiguous
extraction, depending on
The value of strong phases:

o(y) <10° (in2fb?)

| |
-
| |

0.2

o

U-spin breaking %Sin(ﬁs)/ads

10 20 30 40 50 60 70 80 90 100

v [°] 23
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1.0 yfrom trees: B->DK

* Interfere decays b—=>c with b>u Vv

*
to final states common to D° and D° ‘A a K ;":5 :D°
Veb BT v
U .

—0
_ _ , . b
A(B_%DOK_):rBez Be_ly B -
A(B- > DK")

color

GLW method:

fp is a CP eigenstate common to

D0 and DO: fo= KK, e, ...

Measure: B->D%K, B - D°K, B—> D,K
 Large event rate; small interference
* Measurement r, difficult

ADS method:

Use common flavour state fy=(K* 1t )
Note: decay D°=>K*rn~ is double
Cabibbo suppressed

e Lower event rate; large interference

Decay time independent analysis
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GLW: D=2 KK (2 rates) ;

ADS: D> Krx (4rates) ;

ADS: D> K3r (4 rates) ;

B—>D(¥IK(*)

See talk of Angelo Carbone

T B‘9(K+K‘)DK_)<>C1+r§+2r3cos(§B—7/)
I B_%(KJ%.—)DK‘)ocrBz+(rg)22r3rgcos(53+5g—7/)

I'B — (K+37z_)D K_)oc vy +(r5”)2 2r, 17" cos(ﬁB +0,” —7/)

4
Channel Yield (2 fb1) B/S Normalization is
B — D(hh) K 7.8 k 1.8 o arbitrary:
7 observables for 5
B — D(Kn) K , Favoured 56 k 0.6 unknows:
B — D(Kn) K , Suppressed | 0.71k 2 — Y ra O &7, 7
B — D(K3m) K, Favoured 62k 0.7 o(y) = 5° to 13°
B — D(K37m) K, Suppressed | 0.8k 2 depending on strong
phases.
Also under study: o()
B* — DK* with D — Ks T 80—120 }Dahtz analyses
B* — DK* with D — KK nrx 18°

B? — DK*0 with D — KK, K=, &7rwr 6° —12°
B* — D*K*with D — KK, Kx, n7r (high background)

Overall: expect precision of

o(7y) = 5° with 2 fb! of data
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2. Yfrom loops: B,,,—>h

* Interfere b—> u tree diagram with penguins: .

See talk of
Angelo Carbone

- d(® O rEh
o T (KY)
e ’ B'(B)
B“fB”}E - R v (K r T
57 d(s) > > d(s) d(s) . . dis) T (K™)
dir mix _: . ‘
A% (1) = A" cos Amt + A7" sin Amt A7 = f,(d,6,sing,) ; A7 =f,(d,0,siny)

cosh (Al“tj — Aﬁ sinh (Al“t]
2 2

ALt = f,(d",0'siny) ; A = f,(d",0",sing,)

 Strong parameters d (d’), 6 (6’) are
strength and phase of penguins to tree.
Weak U-spin assumption :
d=d’+-20% , 0,0’ independent

* Assume mixing phases known

Channel | Yield B/S
(2 fb1)

0.5
0.15

36k
36k

B2>T1r
B> KK

~ 5001
g Bs—>K+K- 2 b
= Ams=20
g L — BG
& 300
200:— @) ( 'Y) ~10°
100
o5 1| E R 5 3 7 8
Time=»



3. The B, and B, Mixing Phase

Time dependent CP violation in interference between mixing and decay

B> B fCP
ei%\ -7 Jep 5%1 _7
e
B B,
B’: A1) = n, sing, sin(Amdf) B A1) = Aqf jin “ Sin(AmSt) Al t
‘ cosh 2S —1], COS @, sinh SS

0.2

Channel Yield B/S
(2 fb1)

Bd>J/yKs 216k 0.8

0.2 “Golden mode”

U
- —>0(sin23 ) ~ 0.02 i “Yesterday’s sensation is today’s

oo calibration and tomorrow’s background”
- — Val Telegdi

-0.8= | | | | | | | | |
0 1 2 3 4 5 6 7 8 9 10

Proper time (ps) 27



B. mixing phase

. . s —> b
ey 1, sin @, sin(Amt)
cr (1) = AT ¢ . AT ¢ ot
cosh —1], cos @, sinh I
s .
: 1. Pure CP eigenstates R ¢K+
YZ"?I:_I Low vyield, high background
( ) 2. Admixture of CP eigenstates: B.—J/y ¢
Jwn, 85k 0.109 “Golden mode”: Large vyield, nice signature
Jyn, ... 3Kk 0.142 However PS->VV requires angular analysis
JYN gy 2.2K 0.154 to disentagle n=+1 (CP-even) ,-1 (CP-odd)
Jwn 4.2 k 0.08 z &
Y Tor ™ totak.,
no 3k 0.108 ;
DYD, 4k 0133 CP even
All CP eig - 0.046 "3 N / CP odc
Jy ¢ 130k  0.023 w1 AL DACKGround \ .....
Al : I . ey

Transversity angle: cost



Full 3D Angular analysis

CoS \J = cosO Entries 187310
) 2 ndf 127198 - s
B Prob 0.0261 Iy m
e PO 4417+ 11.3

p1 0.7285 + 0.0014

3000

2500

2000

1500

1000

500

-‘_IIII|IIII|IIII|IIII|IIII|IIII

1 L1 | Ll 1 | Ll 1 | L1 L Ll 1 Ll 1 L L1 Ll | Ll 1
e 08 06 04 02 -0 02 04 06 08
I COS 9 Entries 187310 I (l) ntries 187310
w21 ndf 99.33/98 ¥2 I ndf 125.3/98
- Prob 0.4434 = Prob 0.03297
2500 — p0 3926+ 10.3 2500— po 1627+ 7.2
Cy p1 0.5694 + 0.0018 C p1 0.3004 + 0.0086
s C 448 +
20000 T ¥rh ., . 2=
- o C
1500 P 1500— ot
1000~ 1000
500 500(—
D_||||||||||||||||||||||||||||||||||||||| D_llllllllllll"'lllllllllll""'
1 208 -06 -04 02 0 02 04 06 08 1 -3 -2 -1 0 1 2 3

Study possible systematics of LHCb acceptance and reconstruction on distributions.
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) o
b
=

Events | (0.04

Simultaneous likelihood analysis in
time, mass, full 3d-angular
distribution

Include mass sidebands to model
the time spectrum and angular
distribution of the background

Model the T resolution

= 6 (¢,)=0.02

)

See talk of Olivier Leroy

~=d
=
=]

600

500

400

300

200

100

Events / ( 0.00306 )

A_zero_sq= 0.56
H B_perp_sq= 0.33

—— signal B tau = 0.20

B_zero_sq = 0.33

---- backg

fracB = 0.86
massmean = 5.37
S u m masssigma = 0.02
phi_par =-2.930
phi_perp = 2.91
resFrac = 0.77

—_ tau= 1.44
G(T)— 35 fS tresmean1 = 0.00
tresmean2 = 0.00
tressigmaﬂ = 0.03

| trecsigmaz s D06 |

HlllllllllllII"IIIIIIIIIIIIIIIIIIIIII Ll

time time

6(M)= 14 MeV

M g s
L ol N Y SR T T e PP R R R R LR ()

IR LR RN RN N EN NN TN LIy

c059¢

,.__._..-.-'ll#prt...,_"-"._.. ,..,".

cos 0,,

T — (l)
cos(6) T T T S NS L
1 32
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4. B & BB, from Penguins

* Compare observed phases in tree decays with those in penguins

B, B,
NP e
¢ }Jf’w Iree X }Jﬂp
b S b2 g
< } ) Penguin < } ¢
3 i } K, B = } 0
B & K : eﬁ ﬂmlx 49 IBdecay B — o0 ¢Seﬁ" —_9 IBSmix 49 IBSa’ecay

*Bs =2 ¢ ¢ requires time dependent CP asymmetry See talk

of Olivier Leroy

(PS=>VV angular analysis a la J/yd )

Yield (2 fb) _ Weak phase precision

920
3.1k

0.3<B/S<1.1
<0.8

B> 0 K.

B,>¢0¢ G (0, ) = 0.11

o (sin(9,°) = 0.23




Physics Programme

LHCb is a heavy flavour precision
Experiment searching for new physics
in CP-Violation and Rare Decays

e CP Violation
mmm) |°* Rare Decays
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Rare Decays — LHCb Program

Weak B-decays described by effective Hamiltonian:

G i=1,2: trees
H. =——fyp Z C. O. i=3-6,8: g penguin
eff /2 CKM £ ™ (,U) ! i=7: Y penguin
l i=9,10: EW penguin

New physics shows up via new Study processes that are suppressed at tree
operators O, or modification of level to look for NP affecting observables:
Wilson coefficients C, compared Branching Ratio’s, decay time asymmetries,
to SM. angular asymmetries, polarizations, ...

LHCb Program: Look for deviations of the SM picture in the decays:

1. b2 sl+l- ; A, (B2>K*up), B*>K*II (Ry), B> dup

2. b>sy ;A,t) B> oy, BOK*Y, A>Ay, Aj> A'y,B >p%, Bwy
3. B, I+I- ; BR (B> uu)

4. LFVB,2 |1° (not reported here)
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* Contributions from electroweak penguins
* Angular distribution is sensitive to NP

t—W loop ™ o

3 angles:
e|;(|);e|( —r 7T

0.4 | Ags(m2,) theory illustration _

-
Ll

- SUSY II (C,>0, C,;>0) A
— _7_7_{_!4__,_7-7————*—/7"" *—*-»I:\\i

/ P2 SUSY II (C,<0. G, >0) 1

N\ SM \\\\ ~a— SUSY I (C,<0)
N S

- SUSY II (C,<0)s

I — .

e

SUSY L II (C, >0)

0 2 4 5 & 28
m<,, [GeV?]

H Zero crossing point (s,) well predicted:
A, (S = miw_ ) = SM: s, =4.39""_ . GeV”

hep-ph:0106067v2 34




Event Selection:

0 TaTh
B — K™ u u

-t B mass H Bs—>K*u* u- 7200+-2200 (BR) 1770+-310
60 [ HJ[ o = 9.7 Mg\
N * H (s 2 fbl
30 | { E 0.2
o N G—
?}2;)6 I .IJZIZ(J]_-L T}j‘\jﬂd/ JZEIJ I .JZBG JSUU\}}.F:Z;HZG J340 -u.z:_ M
[MeV i
o __ !j,,u, mass+ Remove -0'4:_ SO G(SO) = 05 GeV2
: H _resonances A YT TR TURTT TUUIN [T TUUVE PUUE FUUIN PO
60 [ / 0 1 2 3 4 5 ] 7 8 9
: / s = (m,,)? [GeV?] >
50 |
40 E—
ok + J[ J[ Systematic study:
o F e Selection should not distort mzuu
wh, TH b * 5, point to first order not affected
: 4
0

L | L | L | L | L | L L | L | L | '
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

[MeV]
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2. B,>0Y

* Probes the exclusive b = s radiative penguin
Measure time dependent CP asymmetry:

F(Es — ¢7/) ~T(B, > @) 4. cosAmt+ A sinAmt
Ay (t) = =

F(Bs — ¢}/)+F(BS — ¢7/) COSh(Azl—‘tj‘FAA Slnh(Azl—‘tj

b 2> v (L) +(my/m,) X Y(R)

In SM b—>s v is predominatly (O(m,/m,)) left handed
Observed CP violation depends on the 7y polarization Event selection:

_ , Channel | Yield B/S
SM: A, =0, A, =sin2y sin2¢, A, = cos 2y cosd (2 fbl)

tany=|b>sygl /| b>sy. | , cos¢=1 Bs>¢0y 11k  <0.55

Statistical precision after 2 fb™! (1 year)
O0(Ag4 ) =0.11 ,0 (A, ) =0.11 (requires tagging)
o (A\A) =0.22 (no tagging required)

\ Measures fraction “wrong” 7y polarization
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3. B, Ui

e B.~> uu is helicity suppressed
SM Branching Ratio: (3.35 + 0.32) x 10 °

hep-ph/0604057v5

* Sensitive to NP with S or P coupling

) BR(x10™
Event Selection: & ).

Main Backgrounds: Suppressed by:
b-2>u, b=>u Mass & Vertex resol.
B—> hh Particle Identification

Channel SM Yield | Background
(2 fb) NG 36 N

\, (signalibkg is observed)

Mmoo ~ ®w©c
T T 1T 1

With 2 fbt (1 “year”):
* Observe BR: 6 x 10° with 5 © "o T2 s 4 s e 7 8 8 10

e Assuming SM BR: 36 observation Integrated Luminosity (fb™)
37




Physics Programme

LHCb is a heavy flavour precision
Experiment searching for new physics
in CP-Violation and Rare Decays

e CP Violation
e Rare Decays
mm) |+ “Other” Physics
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“Other” Physics

See the following talks for an overview:

Raluca Muresan:
e Charm Physics: Mixing and CP Violation

Michael Schmelling:

e Non CP Violation Physics:
— B production, multiparticle production, deep inelastic scattering,
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Conclusions

LHCb is a heavy flavour precision experiment searching
for New Physics in CP Violation and Rare Decays

A program to do this has been developed and the methods,
including calibrations and systematic studies, are being worked out..

CP Violation: 2 fb'1 (1 year)* Rare Decays: 2 fb! (1 year)*
e 7yfrom trees: 5° - 10° e Bs>K*uu s, :0.5GeV?

e 7 from penguins: =10° e B>sy A, A, :0.11

* B, mixing phase: 0.023 A, :0.22

o B." from penguins: 0.11 e B,>up BR.:6x10°at50

We appreciate the collaboration with the theory community
to continue developing new strategies.

We are excitingly looking forward to the data from the LHC.

* Expect uncertainty to scale statistically to 10 fb™t. Beyond: see Jim Libby’s talk on Upgrade ,,
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LHCb Detector

Tracking (momentum)

RICH-2 PID

RICH-1 PID

vertexing
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Flavour Tagging

same side
kaon tagger

K+
K-
1y
W
Same side
primary vertex —
proton ' signal B, proton
ifa of . .. vertex-charge tagger
Opposite side opposite B | ~ ge tagg

. from inclusive vertexing

opposite
kaon tagger (K")

positive lepton taggers

negative lepton taggers from b—>c—s| cascade

(e, w) from b-quark

Performance of flavour tagging: - Efficiency € | Wrong tag w | Tagging power

Tagging power: By ~50%
2
eD’ =¢e(1-2w) B, ~50% 33% ~6%

S



DR Full table of selections

o HII]‘I Det. Rec. Sel. Trig. | Tot. | Vis. | Annual B/S
LR eff. eff eff eff | ef. | BR | signa | from
S— (%) (%) (%) (%) | (%) | (10°) | vyield | bb bkg.
B’ st 122 91.6 183 33.6 | 0.69 4.8 26k <0.7
B, > K'K~ 120 92.5 28.6 36.7 | 0.99 18.5 37k 0.3
B.>D 1 54 80.6 250 31.1 | 034 | 120. | 80k 0.3
B.— D K" 54 820 206 295 |027| 100 | 54 | <10
B’ — D™ (Km)K*" 53 81.8 229 354 | 0.35 1.2 3.4k <05
B’ — J/y(uu) K% | 6.5 66.5 535 605 | 1.39 | 20. 216k 0.8
B s JApee) K% | 5.8 608 17.7 265 | 016 | 20. | 26k 1.0
B. — JAy(up) 0 76 825 416 640 | 167 | 31. | 100k | <03
B. — JAu(ee) 0 6.7 765 220 280 | 032| 31. | 20k 0.7
B’ -pm 6.0 65.5 20 36.0 | 0.03 20. 4.4k <71
B’ — K*'y 9.5 86.8 50 37.8 | 0.16 29. 35k <0.7
B,—> by 9.7 86.3 7.6 343 | 0.22 21. 0.3k <24

+ few more channels in TDR

Nominal year = 1012 bb pairs produced (107 s at L=2x103? cm~2s~! with ¢,,=500 Lb)
Yields include factor 2 from CP-conjugated decays
Branching ratios from PDG or SM predictions
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Angle yin Summary

B mode D mode Method a(y) with 2 fbl
B+— DK+ Kn + KK/ + K3n ADS+GLW 5°-13°

B+ —» D*K+ Kn (D* — D4m, v) ADS+GLW Under study

B+ — DK+ Kemm Dalitz ~8-12°

B+ — DK KKnn 4-body “Dalitz"” 18°

B* - DK? Krren 4-body “Dalitz" Under study
B? — DK™ Kn + KK + mn ADS+GLW ~6-12°

BY — DK™ Kemm Dalitz Under study

B. - D.K KK(¢)n tagged, A(t) ~10°

B ., B, KK | N/A U-zpin symmetry 50 - 100




