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MM Short recap: Bs — J/W (up) ® (KK)

i

<
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m

How can we extract ®s (= 20;) = Pspy + Pyp = Opp and
AT =Ty —-T? —

Maximum-Likelihood-Fit
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AN What is a Likelihood?

Data {Xl,Xz, e 7XN}
x; drawn from Probability Density Function P(x;; a) with Parameter a
Likelihood = Probability for data set {x1,x2,...,xn}, product of P(x;; a)

L(x1,...,xy;a) = P(x1;a),-P(x2;a) ... - P(xn; a)

P(X,'; a)

I
.EZ

Il
—

Principle of Maximum Likelihood: Find a for which & is maximal

d
Eg(xl,...,x,v;a) =0

iI () = ZN:d =0 (used in practice)
5 = 2 4 = used in practi

Not always possible analytically — use numerical maximisation
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Al l(' 4 An Example: Gaussian Mass Distribution

Parameter a = M, Data {my,...,my}

_ (mi—m)?
202

P.D.F.: P; = 7“7

g F d -~ @

AEOOO? " (&) = Z; " P(mi; M)

35000; - vy . o — 2

- - S (em )

25000; — fitted bfg. ih "

zoooo? - mj ;M —o

150001~ -1

10000 1 N

E M = — m;
50005 = N ;

5%00 5050 5100 5150 5200 5250 5300 5350 5400 5450 5500
B; mass in MeV
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Likelihood-Fit

Al [f: What about errors?

Solve In.%(a) = In ZLax — & for al

1 (m;—M)?
J— T2
Example P; Tara € o
1
InZ(M+AM) = InZnax(M)— >
i_w _ i_w 1
202 £ 202 2
i=1 i=1
A2 Ny N 1 N
NM LoN=EM =28y Y m = = 1> mi = Nmg
2 2 s
20 20 py 2 ;
2
a3, = =
M N
ag
Ay = +—
M \/ﬁ

This also works for multiple parameters — Confidence regions
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Likelihood-Fit

Vil [{: The Pros and Cons of Likelihoods

LH-Estimator (value of a for which . maximal)
is optimal (minimal Variance) for large N
can be time-consuming to compute

can be biased for small N!

need to know p.d.f. shape beforehand

x2-method can be derived from ML if p.d.f.s are gaussian

Booktip: Statistics - A Guide to the Use of Statistical Methods in
the Physical Sciences, R. Barlow
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Bs Mass Distribution

] [{: The Reconstructed B.-Mass

Used to separate signal/background events
For Signal: Use Gaussian peak (always normalize correctly!)

m,-sz
pM = 71 e_(m’%v)

e V2Tom

For Background: Use Linear or Exponential distribution

6/19

g ¥ all events
B000—
2‘*0005 @ — H P,-(m,-)
20000 |G, i
= — background
C — fitted sig. M
oo |t Pi = figPgg(mi)
F M
10000~ +(1 - fSig)Pbkg(mi)
5000; . .
g Depending on mass m;, event is
e o L e S

305 3030 5100 5150 5200250 5300 5360 £403-5450 5500 SignaI/Backgrou nd-like

B mass in MeV
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Angular/Proper Time Distribution

Good secondary Vertex resolution needed!
— VErtexLOcator L O0ct — OO3pS ~ 150,me
Momentum resolution negligible
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Angular/Proper Time Distribution

AN The Proper Time 2: Model
Fr Signal: B,-decays

8/19

Mt

Myt

P, x e 'tYore”

For Background: Mainly prompt J/W (use sideband)

P,' X 5(1‘,‘)
data
£ F —— signal
2 0
8 —— background
L — fitted sig. |h.
10*E [¢] .
g —fitted bkg. 1h, | ot realistic _
B Finite decay length resolution
10“/ = Finite proper time
v resolution!
102§
; 1 0 H‘lH 2 3 4 5
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Angular/Proper Time Distribution

Vil K{: The Proper Time 3: Convolution

9/19

= Need to convolute proper time probabilities with gaussian resolution

data
_=t? 8 F — signal
real( 1\ _ pideal 1 252 g T
P (t) = PE(t) © —5ze ! :3: r —— background
100 — fitted sig. Ih.
= — fitted bkg. Ih.
—rIt L
e L
1 _2r2 103?
le Mtezetl erfc("—\}ir - %) g
10°
Gt e Bl b b b e B Lo 1
2 4 0o 1 2 3 4 5 &
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Angular/Proper Time Distribution

Al [{: The Transversity Angles 1

Final state is an admixture of CP-eigenstates
Bs(J=0) — J/V(J =1)®(J =1) — final state L=0,1,2
CP(J/V®) = CP(J/W)CP(d)(—1)t = (-1)t

L CP Decay Amplitude
0 even Al
1 odd Al
2 even Ao

Angular analysis for separation of final state
Need 3 angles to describe the final state
— Transversity Base p'= (0, V, )
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Angular/Proper Time Distribution

‘mﬁ\: The Transversity Angles 2

11/19

]/ rest frame

(P rest frame
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Angular/Proper Time Distribution

Al [{: The Transversity Angles 3: Separation

12 /19

;‘ ~

£ =

S E

3000
Eoe e CP-even

2500— .. e CP-odd

2000

1500; ...........................................

1000 e

500/ T

obt I
-1 0.5 0 0.5 1

Transversity angle: cosf
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Full Likelihood

"@]'I{: Now Put Everything Together

b M)

Measured Qual;tltles per event: mj, t;, pi = (0, V;,®))
Physical Parameters: &, T, AT, [Ao|, |A)], [AL|, 1,02, Am

Lot
Pi
Psig
Poig

Unfortunately, P t/p

all events

T

fsigPsig + (1 - fsig)Pbkg
PP (¢, 57) x PY(m;)

Pelo(ti, 77) x Phg(m;)

g cannot be separated in proper time/angles!
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data F ookt
sina -
background £ s -
— fitted sig. Ih. 20005, cP-even
— fitted bkg. Ih. 200 CP-odd
200
® 1500
500
9% o5
mmmmm y sngh: cos
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Al [{: The Time/Angular Probability: Angular Dependance

[(J/Wo|Bs)|? [(J/W|Bs)|?

Prob. Bs id. e Prob. B; id.

1+6D 1-€6D
= D Aw ()P + T D Aug(t) iy (57)
k= k=

1+ [¢] 1+ ¢

fi ... fs are only dependent on the measured angles

Kl Aw@® [ Awn@® ] f0(?) l
1 |Ao(t)|? |Ao(t)? 22 cos? zp(l—sm © cos? ¢)
2 1A ()2 A ()2 8 G2y (1 — sin® Osin? )

3 |AL(2)? |/_4J_(t_)|2 ism%/)sm ©

4 Im(A‘*‘(t)AJ_(t)) lm(Aﬁ( )/EJ_(t)) 7? sin2 1 sin 20 sin ¢

5 | Re(Aj(t)A(t)) Re(A; (£)A) (1) T \[sm21/)sm Osin 2¢

6 | Im(A5(t)AL(t)) | Im(As(t)AL(t)) Tons SN 2¢sin 20 cos ¢

Amplitudes on next slide

@& C. Langenbruch (Pl Heidelberg), 13. Marz 2008 Bs — J/Vo




Full Likelihood 15 /19
AN The Time/Angular Probability: Tagged
N g y. 1agg
Tagging Tagging
1+¢€D 1-¢D
t/p + - ]
Psig - 1_|_|£| Zk 1 (tl)f(k)( )+ 1+’£| Zk*l A(k)(tl)f(k)(pl)
2
|Ag(t)|2 = |A0(20)| [(1 + cos ¢5)e_rLt + (1 — cos ¢5)e_rHt + 2 sin (Amt)sin 4)5]
2
\Au(t)|2 = lAH;())‘ [(1 + cos dg)e LY 4 (1 — cos dg)e " THE £ 2 Msin (Amt)sin d)s]
2
\AL(t)|2 = % [(1 — cos ¢5)67|—Lr + (1 + cos <Ds)eirHt T2esin (Amt)sin ¢5}
/m(AT‘(t)AJ_(t)) = + A} (O)HAJ_(O)l[e_rt(sin 81cos (Amt) — cos §1sin (Amt)cos Ps)
- %(e_r"‘/t — e_rL!) cos §1sin ®s]
Re(A; (A (1)) = %\AO(O)HAH (0)| cos(82 — 81) [(1 + cosbs)e ML 4 (1 — cos ds)eTH 4 2¢~Msin (Amt)sin ¢5]
Im(AS ()AL (t) = + |Ao(0)]|AL (0)\[eirt(sin Sacos (Amt) — cos §asin (Amt)cos ds)

1
E(efr"’t — eert) cos §psin ;]

‘ Terms depending on &
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Full Likelihood

’&]'I{: The Time/Angular Probability: UnTagged

16 / 19

No Tagging No Tagging
1 1
t/p 6 . = 6 .
Pge = 5 > h=1 A () fiy (P7) + 5 > h=1 A () iy (P7)
2
|A0(1:)|2 = |A0(20)| [(l + cos®5)e7r’-t +(1— cosq)s)e*rHt }
2
\Au(t)|2 = M [(1+cos¢5)e_rLt+(l — cos bg)e THE ]
2
\Al(t)|2 = % [(1—ccus<1>5)e7rLt+(1-%—cos(I)s)eir"‘/r }
mATOAL®) = +IAO)ALO)I]
7%(e7r"/t — eert) cos §ysin ds)
* 1 —rt —ryt
Re(Aq (A (1)) = 5 |A(0)]| A (0)] cos(S2 — 1) [(1 +cosds)e” LT+ (1 —cosdbs)e” H ]
Im(Ag (DAL(D) = +]A(0)ALO)I
Lo rye ot )
—E(e HY — &7 L") cos §psin ®g)
Less sensitivity on &, 4-fold ambiguity in &, AT
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Full Likelihood

MO Toy Studies: Fit Validation

m |s the Fit biased?

m Does it under/overestimate the
errors?

= Do Toy Study

Create large number of simulated
data samples

Run Fit on those data samples

For Parameter a Pull =

dfitted — dgenerated
Aaitted

17 /19

phi_s pull distribution phi_s_pull
Entries 200
C Mean -0.1253
F RMS 0.9517
25— X2/ ndf 18.95/22
E Prob 0.6486
L Constant 15.65+1.63
20— Mean -0.05925 + 0.07540
C sigma 0.9397 +0.0762
15—
10—
50
P [ s L
-5 -4 3 -2 1 0

2 3 4 e B
(‘FQ“ed"I’;m ucedy

= Expectation: Gaussian distribution with mean 0 and width 1
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Sensitivity on Al and 5 @ LHCb

"@]'I{: (Expected) Performance Comparison

18 /19

’ Quantity ‘ CDF ‘ DO ‘ sk ‘
Neig 2.02k 1.97k 131k (2fb~ 1)
Ot 0.1ps 0.1ps 0.03ps
eD? 3.6% /1.4% 4.7% 8%
AT [-0.4,0.4]ps~! (0.194+0.07)ps~* | (0.10 + 0.008)ps~*
N [0.32,2.82] / [0.40,1.20] —0.57 4+ 0.30 —0.04 4+ 0.02
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Sensitivity on Al and 5 @ LHCb

Al [{: (Very) Preliminary Results

19 /19

Ad, Tagged
Nsig | &5 =—-0.04 | &, = —-0.60
6.4k 0.14
19.2k 0.08
180.0k 0.02

Ad, Untagged (d1, J2 fixed!)

Nyig | ®, — —0.04 | . — —0.60
6.4k
19.2k
180.0k 0.08
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