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DS B.-Flavor Tagging

e Challenging task in B-physics: to determine (tag) Bs meson production flavor

which may be different from decay flavor
e Needed for: Bg mixing [p@ Note 5474],

CP violation studies [hep-ex/0802.2255]

e Two main classes of tagging
methods:
[ Same-Side Tagging:
“One-track”, QssT...
[1 Opposite-Side Tagging:
jet-charge, soft-lepton, QosT...

e b-quark picks up s-quark = forms B,
® 5 is left to form KT (“One-track”)

e QssT = > q; on same side
e Remanining (“=") b-quark fragments into

a jet with average “—" charge
(jet-charge tagger)
e Jet may contain a soft lepton

® Qost = )_ qion opp. side
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. L LANCASTER}
DS Tagging characteristics: A
e Number of Right-Sign (B,-K™ and B,-K ™) correlations, Ngs
e Number of mistagged Wrong-Sign (e.g., B,-K~ and B,-K™) correlations, Ny g
e Number of events with no tag found, Ny7

e Tagging efficiency € = NRéVfJ%;/ZYFVJ%NT and dilution D = %ﬁg;%&g

o Tagging power eD? <= to be maximized

Monte Carlo and Data
e SST:

[J By production flavor is obtained from MC truth information
[0 SST analysis can only be done on MC: e.g. By — v,uDs or By — J/¢¢
[0 SST can be verified on self-tagging B, — J/¢¥ K sample (data and MC)

e OST:
[1 Opposite-side flavor tagging does not depend on the B-meson flavor
[ Can use By — v,uD*~ data sample to develop OST for B, [pro7a, 112002 (2006)]

Let's first talk about SST only
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¥ List of used same-side taggers:

e Use the following SSTs (one-track and many-track taggers)

e Taggers in each group are highly correlated — choose one representative from each group

0 Mi rel
n. prel [0 Min. cos 6*
g I\I\jax Pr 0 Max. cos6*
ax. pt_’ [0 Min. m(BsK)
U Min. [AP| = [§(Bs) = p(E)| 0
[0 Best: Min. AR

e One-track: pi and p'f are L and || components of
SST candidate’'s momentum p(K ) w.r.t p(BsK)

o AR = /A¢? + An? and angle « are taken between
5(B.) and F(K)

e 0" — decay angle of B,K-system, i.e. angle between

directions of p(Bs;K) and p(By) in reference frame of
B K system

e ~=20.0,0.1,0.2,...1.0

o Qssr: pz and prel are L and || components of SST
candidate's momentum p(K) w.r.t p(Bs)
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O Qssr(pe, k) = qu—lf;ff

rel\k
0 Qssr(pi, k) = qu(;;d))

rel)/i

QSST(pTd ) =0 <pL




DO SST verification on data /MC W“CEARSSTW \

Good data—MC match for dilutions for different taggers for B, — J/¢ K decay:

One-track taggers
SOF
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Conclusion: SST works for both data and MC, gives D = 15 — 20%

e Best one-track tagger: “Min. AR"

e Best many-track tagger: “Qgssr(ps, k = 0.6)" (for consistency with

previously developed OST)

Now let's combine them to increase total eD?
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LANCASTER

DI Combination of two SST methods

e For each “Min. AR" track with charge g we plot “g - AR" for b and b quarks from MC

e Thus obtain P.D.F.s of “q - AR" for b and b-quarks from MC

e Take their ratio yar = O]

Cf)

For each event:

if yar > 1 then it was b-quark; if yar < 1 then it was b-quark

e Do the same for Qssr(pi, kK = 0.6) = obtain yg

e C(Calculate their “joint P.D.F. ratio":

e Introduce a variable dgsy; =

1-ysst
14+ysst

Ysst — YAR " YQ
and determine b-quark flavor for each event from its sign

e Calculate dilution D for each event as a function of d g

P.d.f. for tagging variable DO Run Il Monte Carlo

£ e b-quark %
14000
£~ b-quark
12000

10000 |-
8000 F
6000 F

4000

Number of entries per bin

2000}

0

2 0 2
qAR
2 DO Run Il Monte Carlo
E -0.072839x* +0.269400x +0.736371, 0<x<1.2
1.8 1/(-0.072839x? -0.269400x +0.736371), -1.2<x<0

1.6

p.d.fratio: b/b

0.6

qAR

P.d.f. for tagging variable DO Run II Monte Carlo

Number of entries per bin

p.d.fratio: b/b

35000 fe- *b-quark

30000 ? ~ b-quark

25000 F+
20000 F+
15000 [+

10000 [+

5000 F+

0

DO Run Il Monte Carlo

1.8F 1/(0.190
16

14F

0.6

0.190892x 2 -0.369989x +1.000000, 0<x<1.0

892x” +0.369989x +1.000000), -1.0<x<0

Qet
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P.d.f. for tagging variable DO Run Il Monte Carlo

Number of entries per bin

p.d.fratio: b/b
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DO Run Il Monte Carlo

-5.124028x
1/(-5.124028x

2.0.472751x +1.000000, 0<x<0.2
2 +0.472751x +1.000000), -0.2<x<0

\



MC Tagger e, % D, % “Unbinned” eD?, % “Binned” eD?, %

S

=

S g | “Min. AR 821+ 11 | 202+07 3.34 & 0.22 3.73 £ 0.24
T

I ® | "Qjet(pt,0.6)" | 884+12 | 193+£06 3.28 & 0.22 4.06 4 0.24

3 “Comb. SST” 88.4+ 12 | 190+ 06 3.19 4 0.22 4.81 4 0.26

S o

S

S Y| "Min. AR 792+05 | 186+05 2.74 £ 0.15 2.82 + 0.15

I 5| “Qjet(pt,0.6)" | 89.0+06 | 196+£05 3.43 & 0.17 3.92 & 0.17

s = | “Comb. SST” 80.1 £ 0.6 | 17.8 £ 05 2.82 £ 0.15 4.02 £ 0.17

&

& e

9 2 | “Min. AR’ 849+ 06 | 148+05 1.86 + 0.14 1.96 + 0.14

I 8| "Qjet(p;0.6)" | 93.0£07 | 139£05 1.80 + 0.14 2.25 + 0.15

o~ “Comb. SST” 93007 | 142405 1.86 + 0.14 2.49 + 0.16

S 0

= ©

S Y| “Min AR 787 +£07 | 134+07 1.41 + 0.14 1.57 + 0.15

T £ | "Qjet(pt,0.6)" | 81.5+£07 | 138 +06 1.55 £+ 0.15 1.84 £+ 0.16

5 = | “Comb. SST” 815+ 07 | 131406 1.40 + 0.14 2.01 £ 0.16

e “Unbinned” eD? is a direct product of € and D?

e “Binned” eD? is a sum of eD?'s in |d| bins

eD? for combined SST

ASTE

LAN
UNIVERSITY

e We see some improvement in “binned” eD? due to SST combination

for all decay signatures
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D OST LANCASTER A

e OST was developed on B; — puD* data sample [pro7a, 112002 (2006)]

e Must be the same for B; and B,

e Also, a combination of a few taggers: soft muon, soft electron, secondary-vertex
tagger

Event Charge Tagger

e Unfortunately, OST above has low efficiency

e When OST is not present, we use Event Charge (Qosr) — pr-weighted > g; of
all tracks on the opposite side

e Event Charge has 100% tagging efficiency, but lower dilution

Combination SST 4+ OST/Event Charge

e Same combination technique as before:
o If OST present make “joint P.D.F." Yeomb = Ysst - Yost
o If OST not present take Yeomb = Ysst * Yeuvtch
. 1— com
e Introduce variable d.,,,;, = #wmz
e Infer b-quark production flavor from sign of d.omp

e Obtain event-by-event dilution via function D(dcomp)
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eD? for

SST + OST/EvtCh ")\

Sample Tagger e, % D, % Unbinned eD?, % Binned eD?, %
§ “Comb. SST” 89.1 £ 0.6 178 £ 0.5 2.82 4+ 0.15 4.02 4+ 0.17
™ ® “Comb. OST” 183 £ 0.2 222+ 1.1 0.90 4 0.09 1.26 + 0.09
1 S “Event Charge” 99.9 4+ 0.6 103+ 0.5 1.06 £+ 0.09 1.31 £ 0.10
Q? “All” 100.0 £ 0.6 183+ 0.5 3.33 4+ 0.17 4.76 4+ 0.18
§ “Comb. SST” 88.4 + 1.2 19.0 £ 0.6 3.19 4+ 0.22 4.81 4+ 0.26
™ & “Comb. OST” 16.9 £ 0.3 268 = 1.4 1.21 £ 0.13 1.91 £ 0.15
1 S “Event Charge” 100.0 + 1.3 9.8 +£0.6 0.97 4+ 0.12 1.36 + 0.14
Q? “All” 100.0 = 1.3 189 £+ 0.6 3.58 4+ 0.23 5.79 £+ 0.27
S

QC'J S “Comb. SST” 93.0 £ 0.7 142 + 0.5 1.86 + 0.14 2.49 4+ 0.16
3 9 “Comb. OST” 254 0.3 23.2 £ 1.0 1.37 £ 0.12 2.02 4+ 0.13
L é “Event Charge” 999 + 0.7 6.9 &+ 0.5 0.48 £+ 0.07 0.78 £+ 0.09
Q “All” 100.0 £ 0.7 148 £ 0.5 2.20 4+ 0.15 3.86 + 0.19
§ TSU “Comb. SST” 815+ 0.7 131+ 0.6 1.40 £ 0.14 2.01 4+ 0.16
~ :i “Comb. OST” 244 + 0.3 276 £ 1.1 1.86 £+ 0.16 2.70 4+ 0.17
I £ | “Event Charge’ | 983408 | 93+06 0.84 + 0.11 1.24 + 0.13
Q?J = “All” 98.3 + 0.8 15.7 £ 0.6 2.43 4+ 0.18 4.43 4+ 0.23

e Tagging power eD? grows as a result of combination
e Combined tagging power for both B, decay modes is (4.09 4+ 0.14)%
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Dy _ astes A
Calibration curves
To obtain event-by-event dilution we average two plots:
e Plot of D(d.omp) dependence for By, — uDg(¢m) Monte Carlo (black)
e Plot of D(d.omp) dependence for By — J/1¢¢ Monte Carlo (red)
e Obtain weighted-average points and fit them with parabola + constant (blue)

DO Run Il Preliminary
80 —+ Bs->uem
C —o- B, ->J/
70 S Ve
—— Average
60 ; rrrrr , ”?5‘; ......................................................
o\o L ‘
~ 50 e
c -
0 30F e
201 !
r ‘,,,}g'fj,‘
10] 1
O ;"é' I I I I | | | | | |
0 0.5 1
d__ |
COMB

Dilution grows as |dcoms| grows and this dependence is close to
ideal case D = 100% - |dcomp|
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Dy : astes A
Conclusion

e SST works for B, — J/¢ K (data and MC) B, — uDg(¢m) (MC) and
B, — Jji6 (MC)

e Combination of two SST algorithms (“Min. AR" and “Qjet(pt, ks = 0.6)")
increases total eD? compared to individual eD?'s

e Combination SST + OST/Event Charge also increases total eD? compared to
individual eD?'s

e Combined flavor tagging power in D@ is quite high: (4.09 + 0.14)%

e Event-by-event dilution (calibration curve) is obtained

e The method is already applied to B mixing measurement [D@ Conf. Note 5474]
and to CP violation studies [hep-ex/0802.2255]
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