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@ No smoking gun signal of New Physics from LHC

Bs = J/vo
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Smallish New Physics in By mixing?

B, — Ju¢ analyses

R 1 = DO: 68% CL (8fb ')
—1). . == CDF:68% CL (101"
LHCb Bs — J /¢ analysis (1 fb~1): 03 = Comemcl o)

== ATLAS: 68% CL (5 ')

$s = (4.0 £5.2)° =
M, — g =0.100 +0.017 ps~! 5

Compared to ¢SM = —(2.11 4 0.08)°

—10 —05 0.0 05 10
&, [rad]

® Complicated experimental analysis

® Phase shift from penguin topologies?

Measure: (bs + Aqs-)l\/d“b for angular components A

D)y = O1°)

(See Faller, Fleischer, Mannel; 0810.4248)

Complementary analyses desirable
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Smallish New Physics in B — =7

LHCb + CMS combined: e |-
Esm
BR(B; — u*p~) = (2.94£0.7)x10°
l ’ ’ ! B;L»p‘: J1107]

Particularly sensitive to scalar operators:

BR, +,,— 2 SM NP ’ mp, P mg, 2

BR(Bs — p"p7) ocmy, | |(Co” + Cio- — Gio) + 5—(Cp — Cp)| +|5—=(Cs — Cs)

2mu 2mu

For example: MSSM with large tan 3:

mymp tan3 3 pA;

Cs~—-Cp~
s P 8T« Mf‘ Mt”f

® Constructive interference with SM quite constraining

200 400 600 800 1000 1200

M, (GeV) ® Destructive interference with SM less so

Alt hofer et al.; 1211.1976, .
mannshoter et a Complementary observables desirable
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Complementary strategies to hunt for New Physics

® Extracting CKM angle ~:
B; — DFKF :
Bs - KTK~ ‘ Strategies to Hunt

with R.Fleischer, Nikhef LHCb group “ for New PhySiCS with
° -~ Strange Beauty Mesons

e Probing NP in B?~BY mixing:
Bs - KTK—
Bs — J/1(980)
Bs — J/4n")
with R.Fleischer, G.Ricciardi

® Identifying NP in Bs — putp—

with R.Fleischer, A.Buras, J.Girrbach,
F.De Fazio, M.Nagai

Recurring observable:

[ A — rEBS,Haf)—r(BS,Laf)

Robert Kneg.;jens 2
I(Bs,u—f)+I(Bs,.—f) J i

“ . oy cover image: http://paperscape.org
mass-eigenstate rate asymmetries
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Bs mass-eigenstates
Flavour basis B, BY:

d [ |BX(t)) _( Mo — $To M12_ér12> 1B(t))
e\ [Bit)) ) T\ M- i Mo— 3T B%(t)

Mass basis:

B, x ) = p|BY) + q|BY)

Well defined masses and

lifetimes
Qi 2
q_ Mi, — 5T o s 177[ <r12> 4O ‘rlz
P My — —I'12 2 M M
—_———

s = arg(Mpp) 2 28, = —(2.1+0.1)°
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B, decay width difference

CP|BS,:|:> = :t‘Bs,:i:>

() (%)
Ks ~ Ky — 7 analogously Bs+ — Ds’'Ds”,...
_he=ls oy _Iu—Tnu
+Ts Ys

-2

YK = = = =1
L +Tm

In Standard Model expect ¢s ~ —2.1°:

(e ) ==~ () @ ) (8

(convention dependent)

Estimate using Heavy Quark Expansion:
yS‘SM = 0.067 £ 0.016 A. Lenz, U. Nierste; 1102.4274

Indeed non-vanishing: LHCb collaboration; 1304.2600

LHCb Bs — J/1 ¢ analysis : | ys|; o, = 0.075 + 0.012
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The untagged decay rate

1 dNe(Bs — f)
Ng dt

s

(F(Bs(t) = 1)) =

Flavour basis Mass e-state basis

Decay rate

time time

F(BY(t) — f)+[(B(t) — f) F(Boy — f)e ™M 4T (B, — f)e "Lt

(Fe) =(MN(Bs,g — )+ T(Bsr, — 1)) e t/78s {cosh (yst/78,) + AfAr sinh (ys t/TBS)}

Af _ F(BS,H — f) — F(BS,L — f)
AT T(Bon — f)+T(Bor, — 1)
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AfAr: mass eigenstate rate asymmetry

Consider: B; — f with CP|f) = n¢|f)
—0
_ g A(BS — f) _ 7,-(1)5 1 - Cf —IA¢{
M= aB o e TV Trg e

B9-B? Mixing:
Ms, ys, ¢s

Decay Mode:
A¢f’ Cf

2Im A
Tagged CP observable : Sf = ﬁ =1nf \/1— C? sin(¢s + Agr)
f

2Re \

f f 2

A = —>5=-1 \/1—(: Os + Ao
ar 1+ ’/\f‘2 f f COS( f)

Probe New Physics with untagged time-dependent measurements?
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Time-integrated untagged rate

Experiment measures:

BR(B, — f) = %/(F(Bs(t) s ) dt
_ 1 |:|—(BS’H — f) + F(BS‘VL — f):|

Decay rate

T2 Mu M,

time

Theoretical calculation in flavor basis:
[(Bd = £) + T (B = f) = (T(Bs(t) = )l .o

BR(B, — £) = (B = Ay _ 1 [F(BS‘H —~f)  T(Bor = f)

T (Ta+TwL) T2 T(Fa+TL)  $(Ma+Tw)
f
Dictionary : |BR(Bs — f) = BR(Bs — f) {%::M}

K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, N. Tuning, Phys.Rev.D 86 (2012)
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The Effective Lifetime

Approximate untagged rate ([¢) with single exponential Tife_t/"'f

Maximum likelihood fit gives:
g t F dt
o 5‘ f dt
z fo < f>
_ta, [(14+2ALys + s
1—ys? 1+ Af s

time

Recover theoretical BR:

N AR 2 P

'S

all measurable quantities
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Contours in the ¢.—Al; plane

CPIf) =nflf) = AfAr =-NF/1- C,? cos(ps + Aopr)

T8 1+2AfA|-ys+y52> :
P s = function(Als, ¢s + A¢r, C
, 1—y52< T (ATs, 65+ Ady, Cr)

Assuming: 04
0.3
Ar =0, Cr =0
— 01 I
}
Af _ — COos (bs : ﬁ\\'(‘n &
- . 4
Aar + cos ¢s . fodd < o1
—0.2
03 7 =138
(R. Fleischer, RK; 1109.5115) 04 ‘ .. 7r = 158ps
—180 —135 —90 —45 45 90 135 180
5 [deg]
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Measured B; effective lifetimes

Decay CP e-val Effective lifetime

Bs - KTK— even 1.455 4+ 0.046 + 0.006 ps LHCb: 1207.5993
Bs — D;rDs_ even 1.379 £0.026 £0.017 ps  LHCb: 1312.1217
Bs — J/4 1,(980) odd 1.700 4+ 0.040 + 0.026 ps LHCb: 1207.0878
Bs — J/yrtn— odd 1.652 +0.024 +0.024 ps  LHCb: 1304.2600
Bs — J/¢ Ks odd 1.75 4+ 0.12 £+ 0.07 ps LHCb: 1304.4500
Bs — J/Y ¢ mixed 1.480 £0.011 £0.005 ps LHCb: 1402.2554
Bs — DD n\a 1.52 +0.15 £+ 0.01 ps LHCb: 1312.1217

But. ..
|A¢ #0, C#0]

... possible CP violation in Decay Modes
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A closer look at B, — KTK~

allowed tree Exchange

QCD penguin Electroweak penguin Penguin annihilation

A(Bs — KTK™) = Vs Vi, (A4
\“,_./

u t t
tree + Apen Apen) + VCS (A;en Apen)
o A4 ey x A2
Direct and mixing-induced CPV: (LHcb: 1308.1428)
AdL(B; -+ KTK™) =0.14 £ 0.11 + 0.03

ABX(Bs — KTK™) = —0.30 +: 0.12 4 0.04
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Controlling Bs — KTK~ with U-spin symmetry
U-spin symmetry: s <+ d

d(s)

Colour allowed tree

QCD penguin Electroweak penguin Penguin annihilation
1-1 topology mapping to By — wtm™ topologies:
AdL(By — nfrn) = —0.29 + 0.05
mX(By — ) = 0.65 + 0.06
(HFAG average: Belle, BaBar,LHCb)

U-spin breaking: fx/fr —1 or (ms — my)/Nqcp = =~ 20%
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Extraction of ~
A(By = mtr)=Cle" —de®’]  A(Bs = KYK™)=+/eC' [e” + 1d’e“"/}
€

1 AL - AL
Ro A2) 4 a0 _ a1

pen

e = AR, (AL 4 A - AL)), 0

AJemixX (B, s 777 [d, 0,7, % contour in ~—d plane
e

ABEm (B, s KTKO) 0,7, 6] contour in y-d’ plane

Extract v from U-spin assumption:
d=d

(Fleischer, hep-ph/9903456)

Await more precise Bs — KT K~ CP asymmetries

BN WL
7 [deg
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Early determination of ~

c

c’

1
K= -
€

2 {Mgs &(Mr /Mg, Mx /Mg,) E] BR(Bs — KTK™) 1 [e2+2ed’cose’cos~,+d’2
2

Mg, @My /Mgy, My /Mg,) 75, | BR(Bg — wtaT) T e 1 — 2d cos 0 cos v + d?

Factorisable U-spin breaking corrections:

c’

C

2 2
_ Tk Feok(MZ:0%) [ M3, — Mg QCDSR |, +0.20
fact

- —0.11
fr Fgym(M2;0%) Mgd - M2

G.Duplancic, B.Melic; 0805.4170

Parameterise U-spin breaking: £ =d/d’ =140.15, A0 =6 —0 = £20°

(R. Fleischer, RK; 1011.1096)

— Conalvalue

|86] = 20°

010 20 30 40 50 0 70 S0 00 100 10 120
7 [deg] 7 [deg]

= (67.7" %5 linpus 3 31e 7051 a0)° = (68 £ 7)°
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Mixing-induced CPV in B; -+ KTK~

Aar(Bs = KTK™) = —/1 — Cir - cos(ds + Ay k-)
S(Bs = KTK™) = /1 — Cyoc— sin(ds + Ak )

. d cos 0 + € cos~y o
Adyrk- = 2esiny ' = —(10.74338
Ok ST 92+ 2ed cos f cos v + €2 cos 2y (107533)

0.4 120,
0l 075 150° /.
02 0.50]
i
— 01 < 02 180° 30°
T T,
2 = LHCb measurement
= T 0.00]
o .
d S
<
~0.50)
A -120°
W\ —0.75 -30°
Coa i: = k- = (1455 = 0.046 = 0.006] ps . %0
B R ] [ T ] 100 —0.75 050 —0.25 000 025 050 0.5 L00
o, [deg] sin ¢

CP even lifetime contour

(R. Fleischer, RK; 1011.1096, 1109.5115)
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A closer look at B; — J/1) £,(980)

S.Stone, L.Zhang; 0812.2832

Bs — J/¢ % 1(980)
——

JPC—_q++

BR(Bs =+ J/¢f(980); fp —» ntn™) 1
BR(Bs — J/vo; 0 — KTK=) 4

Assuming fp(980) = s5 — also b — cCs transition:

1‘ u(t @(‘p
n
59
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B; — ccss

A(Bs — €c55s) = Ap Vi Vs + ALV Vis + ASVE Vs + ARV Vig + . ..

=All+ € ei7bei9], (ez%z)
0.05
C = —2ebsinysind+ O(e?)
- A4 — Al A¢p = 2¢€ bsiny cosd+ O(e
belf — Rb(ATfAf,—PA;> ¢ \65_, v ()
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Penguin control via flavour symmetry

By i+ d +
B,
q

SUQ3)rF

A(By — €cd q) -2 A

1— € e beiel
~—~—
1
e Example: By — J/1 KY to By — J /i 7°:
b€ [0.15,0.67], € [174°,212°] —  A¢J,, ko = [-3.9°,—0.8°]
S. Faller, R. Fleischer, M. Jung, T. Mannel, PRD 79 014030 (2009)
ASg, 4k, =0.00£0.02 — Aqﬁﬂ/w xo = (0.0 £ 1.5)°

M. Ciuchini, M. Pierini, L. Silvestrini, PRL 95 221804 (2005)/ 1102.0392
e Soon also Bs — J /1 K°
K. De Bruyn, R. Fleischer, P. Koppenburg, Eur.Phys.J. C70 (2010) 1025-1035
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Bs — J/11(980) - What is the £,(980)7

Quark-antiquark

f0(980) INSPIRE search

See also the minireview on scalar mesons under f(500). (See the index for the page number.)

£,(980) Mass 990 £20 Mev
£(980) WIDTH 40101 x10? Mev
Decay Modes
X Scale Factor/ P
T; Mode Fraction (T; T) f:vnﬁdence (Mevie)
T, o(980) — 7w dominant 476
Ty ,(980) — KK seen 36
Ty £,(980) =y seen I
T, £,(980) = et e~ 95

Or a gg — tetraquark mixture?

(see G."t Hooft, G.Isidori, L.Maiani, A.Polosa; 0801.2288)
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(980) as quark-antiquark state

( |15(980)) ) _ ( cospy  singy ) s5)
0(500)) —sinpy  Cospum \/Li (lud) +|dd))

Mixing phase ¢y, largely unconstrained. R.Fleischer, RK, G.Ricciardi; 1109.1112

fm-h

CO’ ,@“ G)"

L () e @:@

I Exclange ] | Exchange ] | Pongin Amihiation |
N A A

bem‘qa =Ry {

cos @y {A(Ut +AUt)}+—smy;M {A u)+2A( )} :|

cosom { A +A()+A()+A“}+ 5 sin o {24%) + 243 ’
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7(980) as a tetraquark

( |15(980)) ) _ < cosw —sinw ) % ([su][5a] +_[Sd][§c7])
|f5(500)) sinw  cosw [ud][ad]

o
|W| < 5 (see hep-ph/9808415, hep-ph/0407017, 0801.2288)

Ignoring mixing:

o — [ 2 1
b\ 75 | sl | 5400 F(ct)
A + ASY 4241 + 245y

4q
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Proposed control channel: By — J/4(980)

Driven by b — céd = b'e’® not Cabibbo suppressed
e g3 : exact SU(3)r correspondence for ¢y = tan—!+/2 = 55°
e in general require: A1, Ap > Ag, Apa, (Asq)

Decay Dominant topologies BR bound
Ba — J /1o AE)AlD <0.4x10"
By — J/ipn® A) <12x10°3
Bs — J/1a°(980) AY) | (Agg)

For example

N (1 — )\2/2> \/ BR(Bs > J/v6) _
) BR(By — J/yK*0) ~

R.Fleischer, RK, G.Ricciardi; 1109.1112
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Proposed control channel: By — J/1f;,(980)
Assuming v = (68 & 7)° and tree topologies dominant (b € [0, 0.5]):

Predict: BR(By — J/¢ fo; fo — 7 77)

t 2 _
~(1-3)x107%x [tanset] aq
1 . tetraquark

R.Fleischer, RK, G.Ricciardi; 1109.1112

Experimental bound: (trcp: 1301.5347)
BR(By — J/1 5(980); fp — nw~) < 1.1 x 107° (90% C.L)

But also: (LHcb: 1402.6248)

BR(Bs — J/v f(500); fo — 7 7~)
BR(Bs — J/1 15(980); fo — wt7n—)

< 3.4% (95% C.L)

= oy <T71.7°
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Bs — J/11,(980) effective lifetime (CP-odd)

Assuming v = (68 £ 7)° and tree topologies dominant (b < 0.5):

A¢J/¢f0 € [—30, 30] CJ/¢ﬁJ 5 0.05

0.4

0.3

0.2

0.1

0.0

Al [ps™]

—0.1

02 "7

—0.3

o [= s = [LT00 £ 0,00 £ 0.026] ]
- 180 —135 —=90 —45 y i

0 45
¢, [deg]

CP odd lifetime contour
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A quick look at By — J /4"

In) = ¢>% (Iu@) + dd)) — sin dp]s3)

In') = cos ¢¢ sin ¢p% (Jud) + |dJ>) + cos ¢ cos pp|s5)) + sin pgleg)

30° < op < 45°
66| ~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

Difficult LHC signature: (") PO 70

)
Belle results:

BR(B;s — J/im) = 5.10153 x 10°*  BR(By — J/¢n) = 12.3715 x 107°
BR(B: — J/yn') =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
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Determining the n) mixing angles

Assuming Ar, Ap > Ag, Apa :

R:BM&%MWﬂ<M>3

~ BR(Bs — J/ym) \oF ¢5 : phase space
2
= 506 _09140.18
tan ¢P 90

_ BR(Byg — J/¢n) (<I>§>3 7 %

"7 BR(By — J/in%) \ 9] -
=cos? pp = 0.77 +0.14 S
30

A 1 1 For illustration only
3 oo = == F- L0530
’ n ]
Ry = BR(By — J/vn') _q)_d 10 P o B = 07T
= : = 0.00 £ 50%
BR(By — J/ym) (DZ’ e Ru = 0094 50%

) 5 10 15 2(.] 25 30 31'). 40 45 50 55 60 65 70 75 80 85 90
2 2
cos® pg tan pp = 77

dp [deg]

R.Fleischer, RK, G.Ricciardi; 1110.5490
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Lifetime contours in the ¢.—Al; plane

7+ = function (AFS, b+ D), c)

e CP Even: 7, , A¢gix =—(10531)°, Cxix- = 0.09
e CPOdAd : 7)., A¢yun €[-3°3°] Ciyp <005

AT [ps™]

== TJ/wf = [1.700 £ 0.040 £ 0.026] ps

%
—03 : 1 ik = [1.455 % 0.046 % 0.006] ps
os \ 7 6% CL of y* i ]
B S R S
s [deg]

R. Fleischer and RK, Eur.Phys.J. C71 (2011) 1532y RK, C12-06-11.2; 1209.3206
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Comparison with tagged measurements

Full tagged Bs — J/¢¢ analysis:

B, — J/0fo(980) / By — K* K~ effective lifetimes versus B, — Jib analyses
. x

/ = DO: 68% CL 8 10™") Branching ratio
04 == CDF:68% CL (10b™!) ranching | d
== LHCb: 68% CL (1 fb-1) (time—integrated untagged rate)
== ATLAS: 68% CL (5 fb~) o
ek, ez Eff. Lifetimes: 68% CL Effective lifetime
0.3k, A @ (time—dependent untagged rate)
T =
2 2
£ 02 o
<
," Full tagged analysis
0.1 /"ﬂﬁ K- \ (time—dependent tagged ratey
0075 0 15

Upcoming untagged time-dependent measurements?
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The Rare Decay B; — putpu~

BR(Bs —»u'n") =

+1.1 -9
{ (29770) x 107 LHCH (2.9+0.7) x 10°

(3.075%) x 107°  CMS

LHCb: Phys.Rev.Lett. 111 (2013) 101805, CMS: Phys.Rev.Lett. 111 (2013) 101804

To be compared with:
o f Branching ratio \
BR(Bs — N+#7)SM = (3.65+0.23) x 10~° (time—integrated untagged rate)

Includes: E_ffective lifetime
12 (time—dependent untagged rate)
® NLO EW and NNLO QCD effects S
C.Bobeth, M.Gorbahn, T. Hermann, M.Misiak, E.Stamou, %
M.Steinhauser; Phys.Rev.Lett. 112 (2014) 101801
oy, effect (ALY oM = 1) Full tagged analysis
K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, A. K (time—dependent tagged raty
Pellegrino, N. Tuning, Phys.Rev.Lett 109 (2012)

BR(Bs — p p”)

R=—
BR(Bs = ptp~)sm

; \FLHCb =079+020, Rsm=1 \
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Bs — i~ beyond the Standard Model

G {10,5,P}
« %
Hett = — ﬁ Vib Vi E,- (Ci O; + Ci/ O,/)

S-wave (CP-odd)
- — 2
O = (57 PLb) (A" s k) T

4571y
Os = (3Prb)(fin)

Oc--e--50
Op = (5Prb)(ysp)  (PL ¢ Pr for O') SR S

P-wave (CP-even)

Standard Model: only O19 = only Bs g — ptp~

w
s e s & s a
@ ’\/\< @ O .
_ .‘; Z , m.. ~ .. :
A, » A b 3 O M

Beyond the SM: non-vanishing Bs 1, — ptp™ ?

s " s "
D = O e
b O M b O M
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Bs — pp~ time-dependent measurement

. i / Branching ratio \
Define for convenience: (time—integrated untagged rate)

p= Co—Cly  mas, (Cp - C,’;) Effective lifetime

= SM SM %) (time—dependent untagged rate)

Cio 2my, Cio ‘S‘ P =

s [y 4mime (Cs-G 5

- mlzgs 2my, M

Full tagged analysis

In SM P — 1, S —0 K (time—dependent tagged ratey

(Bt — php) oc [P sin®(wp — @17 /2) + S| cos® (s — 65" /2)

new CP phases scalar operators

o — [(Bsnt = pu7) = T(Bsp = pp7)

Probe NP with : =
robe N wi AT = [(Begr — ptp~) +T(Bsp — ptp)

e.g. with B; — "y~ Effective Lifetime
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Bs — i~ untagged observables

=_ (Lt AR
Rt (e st

[P cos (2pp—0.") — |S|* cos (2ps—o:")
P> +|S[?

K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, A. Pellegrino, N.
Tuning, Phys.Rev.Lett 109 (2012)

Decay rate

18 = R=07970%

Solvable scenarios: | 5 [ Mwrtion o ASfors = 0.m)
o A: |P|, pp free (S =0) :
e B: [S], ps free (P =1)
e C. S==[1-P]
oD pp=ps=0 —>

A.J. Buras, R. Fleischer, J. Girrbach, RK, JHEP 1307

(2013) 77 T 0T 06 os % 12 11 16 1%
[P
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No scalar operators || only new scalar operators

F(BsL — ' p7) o |PPsin?(op — 6T /2) +|S)? cos? (s — o1F /2)

scenario A scenario B

Scenario A: § =0 Scenario B: § #0 (P =1)

10
0.8 08
0.6 0.6 )
— 04 /18] = 0.7 .
N ; 04 ;181 Asi=1
w02 A = 02 ey |
;, o T T o
- —02 E 2 a 0.2
4 Al z —02
< _ Pl i
0.4 —§’f'" < o4
~06, e P it —06 3], o
e Ve P11 pre 0.5V : 151 'K.h,':.mP:l
~08f - | I S —08 : = R=0795%
! ] Excluded at 95% C.L.
H 0.4 0.6 08 L0 1.2 14 L6 18 —LOE= S 0 2 1 To T3 = 20
s ; = ; s 10 12 4L 8 2
R=BR(B, — p*p)/BRsm(Bs — ptp”) R=BR(B, = uty)/BRsu(B, — )

E.g: CMFV, Z’ Models, E.g: H° dominant (2HDM)
A® dominant (2HDM
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New scalar and pseudoscalar operators on same footing

Scenario C: P=1+P, § = +P

1.0

08 Realised for:

C(’) iC()

0.4

0.2
Example

2HDM in decoupling
regime:

MHO ~ MAO ~ MHi > Mho
Cs ~ 7Cp

(: m L %c,g) (MFV)

0.0

Excluded at 95% C.L.
—0.2

Aar(Bs — ptp”)

—0.6

—0.8

Wi or .
R= BR(B — ;f /BRg\l(B A/t ;F)

e Full range of A/l without CP violating phases
e Lower bound R > (1 — ys)/2
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The MSSM with large tan 3

N\

Aar(Be = ptp7)

NSRRI NN

NN\

__ mumy tan3 B,uAt (MFV) N

Cs ~ —(,
TP fra ME Mg

I Z
06_ 05 10 1z 11 16
R=BR(B, = p*11”)/BRsu(B, = p*p™)

tan 3

200 400 600 800 1000 1200 5 T
My (GeV) My [GeV]
Altmannshofer et al.; 1211.1976, 1306.0022
(a) u =1 TeV, A; > 0 (destructive interference) Example of destructive interference scenario
(c) = —1.5 TeV, A > 0 (constructive interference) Loose bound on Aar can rule out
g = 2 TeV, |A¢| tuned s.t. My, = 126 GeV “large tan 3" allowed regions
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Compatibility with Bs mixing constraints
Consider generic models:

Xe{ Z', H A" HO4+A° } X

Mx = 1TeV .
Lrene(Z') = [A§2(Z') 57, PLb + AP (Z') 5y, Prb] Z'*
Leenc(H) = [AP(H)5PLb + AP (H)5PRb] H

A.J. Buras, F. De Fazio, J. Girrbach, JHEP 1302 (2013) 116

A.J. Buras, F. De Fazio, J. Girrbach, RK, M. Nagai, JHEP 1306 (2013) 111
Including AF = 2 NLO corrections: A.J. Buras, J. Girrbach, JHEP 1203 (2012) 052
e Apply Bs mixing constraints:

AM;s € AMCent: val. 4 5%7 bs € d)cent. val. 24

s,exp s,exp
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Specific models in the R-AYr parameter space

I
Xe{ z/, H°, A’ H'+A® 3}, @)
1t
My = 1TeV
1.0 -
® B mixing (AMs, ¢s) 05
constrains quark couplings
® Lepton couplings left free S
(no CPV) 7
L HY (LHS)
;- . . ) s
® 7' includes combined —05 7 = A (LHS)
. 7 7 == Z' (LHS)
b — s/ constraints on Cio // Z = HO+ A (MFV)
= R-omidy
W.Altmannshofer, D.Straub; 1206.0273 _10 N Rl
05 10 — 15 20
R=BR(B, - p*p~)/BRsu(B. — ptp-)

A.J. Buras, R. Fleischer, J. Girrbach, RK, JHEP 1307 (2013) 77

A.J. Buras, F. De Fazio, J. Girrbach, RK, M. Nagai, JHEP 1306 (2013) 111
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Bs — pu~ tagged analysis

Eventually also tagged measurement:

F(B2(e) — i) — T(B2(®) > i)
F(BX(t) = pru™) + T(BI(t) = prp~)
_ Supsin(AMst)

" cosh(yst/78,) + AR¥sinh(yst/78,)

~

Branching ratio \
(time—integrated untagged rate)

Effective lifetime
(time—dependent untagged rate)

¢ S, indepedent if scalar operators:

events

AR + [ Syl

L 2|P|5605(<PP—905)]2
[P+ ISP

Full tagged analysis

\ (time—dependent tagged rat‘y

_ |PPsin(2pp — ¢5) — |S[? sin(2ps — ¢5'")
a P> +|SI?

e S, sensitive to small CP phases:

Sun
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Summary

¢ No smoking gun signal of NP — smallish NP?

complementary strategies to flagship analyses @
desirable!

e Sizable Bs width difference (ys ~ 7%) allows extraction ' T
of mass-eigenstate rate asymmetries (Afm-) from

time-dependent untagged measurements
e.g. effective lifetimes

Af
important ingredient for: BR(Bs — f) &/;—f BR(Bs — f)

e Probe B%-B? mixing parameters from pair of effective
lifetimes (7¢,, 77 ),

e Effective lifetime of Bs — p+uu~ complements
branching ratio for searching for NP (particularly for
new scalars!)
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Backup slides
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Fitting an effective lifetime

_ A (I(1)) L Alp)etT
el = A royar DT A e a
Minimise : —log L(7) = —n/Oo dt firue(t) log [fas(t; 7)]

0

1.009

o tA()e Y de [t A(E)(T(t))dt
[ A()et/Tdt [ A(t)(T(t))dt

LOOT

L005[~, s,

.
.. =
Limit that A(t) =1: Emus ) \
& ool Asr =09 |
ce Aar= 05 [
S AT —n
0 t <r(t)>dt 0.000H — Aar =00
T = — = T Aar =405
=r(t))de o IO v
0 =3 LHCh 10 CL
LHCh 30 CL |
0-99 —0.20 —0.15 —0.10 —0.05 0.00 0.05 0.10 0.15 0.20
. 10 o .05 . .15
ys
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Tetraquarks

e diquark—antidiquark (colour) bound states

o= [ud][Eij] i
k = [su][ad]; [sd][ad] (+c.d)
_ [su][3a] + [sd][5d]
V2
_tonregn. [sul[5a] — [sd][5d]
ap = [su][5d]; 7 :

fo

[sd][s]

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

e Issues: fy — wm coupling too small, ag — nm too large.
e 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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Tagged analysis

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) :

40
Ar = q A(Bs — f) — _peits 1-C o0
p A(B? — f) 1+C
. 2 Ar ,
S=—""1T _|_ 1 — C2 o~ i(0s+A%)
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