Heavy flavor at the Tevatron




Probing the next scale

High-transverse
momentum Flayvor observables

processes



Status

Dedicated experiments, theory and computational advances
over the past 10+ years achieved a formidable success.

The SM explains satisfactorily data in leading B transitions.
10-15% corrections from non-SM not excluded.

Some of the most promising probes not yet explored. And
many of them accessible only in hadron collisions (Bs physics,
high-stat FCNC decays, high precision charm physics...)

This is the basic motivation for the CDF and DO heavy flavor
programs.



Tevatron Heavy Flavor

[1 & experiments

Collider Run Il Integrated Luminosity

[0 10% ppcollisionsat TeV . 3IEFermilab | | A ..

in 10 years . 25fbi/year 1 M

: 7'/ 6-8infer/xing | H\Wl'" i
O 0.1-1% ofthem yield B/D 1. y

.HmH”HW’HFiﬂiHHH\HIHHHH\HH|

[1 Shut down for good on Sep '—.—
30 (12 fb! for physics)

L]

0.1-10% of these on tape

High-rate of all species of heavy flavors. Higher than B
factories (...lower than LHCD).

Symmetric detectors and CP-invariant initial state ensure
equal number of particles and antiparticles in acceptance
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How do we do it

1 KHz of reconstructable b-pairs (pr 5-10 GeV)

Trigger: single lepton and dilepton or tracks
displaced from pp vertex.

Degraded efficiency at high lumi.
Significant bias on kinematics and decay-time.

Tracking: o(pr)/pr* = 0.1%. Vertex known
within 20 ym. Good muons. Some PID (1.50)

Usually all-charged final states. Absolute efficiencies are hard -
normalize with reference decays. Simulation used only for decay
kinematics.

Analysis challenges: determining quark-flavor at production (D*-
tag /sophisticated algorithms), sample composition of overlapping
signals (joint fits of kinematics+PID)...

A. Duperrin, Mon 11:00 for detectors
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The B; mixing phase



BSM physics in mixing

BSM physics can alter mixing

phenomenology from SM expectations. _ Vo © Vi 5 |
b ———1—<—1—
2006: magnitude of mixing consistent g’ W i i w BY
with SM (within lattice uncertainties) A SR \
Vie U Vy b

Mixing phase unconstrained - large NP
effects still possible.

New physics accessible through

interference between Bs—dJ/\y¢ decay
w/ and w/o flavor oscillations.

First measurements (2008) showed ¢
intriguing .20 discrepancy




Bs—dJd /Y@ signals

Qe
| E’PS
CDF Run Il preliminary L =5.2 fb" 2400 .
oF > (D@ Runl, 8 fb™ Prellmlnary
S $ ot ¢
= 700 8 2000 +++ ++
(;, 600 e i ATTR. Ht +++
Q. 500} £ 1800? i WH ++
D 400 + S 1600 mﬁﬂ#
© F Ay > F ¥ ++++#+++*
- i LIREK 14m'__ + +
g 12005_
OE.IA.IHI,.....I.,.l...l.l.l...l... 1000: [ - ol -
528 53 5.32 5.34 536 538 5.4 542 544 F: 5 2 5 25 53 535 5 4 545 5 5 555
Mass(JAp ¢) [GeV/c! M(uuKK) (GeV) |
6500 events in 5.2 fb! 5000 events in 8 fb!

Identify production flavor using Production flavor using only
whole event information “other B” in the event

Both include non-¢ KK component in the angular analysis
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Mixing phase bounds

CDF Run Il Preliminary L=52fb
5  —— 95%CL :
i —— 68% CL |
0.4l —— SM prediction
— 0.2
0\ i :
a | |
)| EE—— T .
= :
02 @
04 0.80
i o ‘
-0.6|-

-0.5*mixing phase
CDF Note 10206

l

‘DO Run II, 8 fb’

{

-~ S -

— 68% CL
— 90% CL

AM, =17.77 £ 0.12 ps
SM p-value = 29.8%

p——

CDF confidence region shrunk. DO region didn’t. Both more
consistent with SM. Both fluctuate on the same direction.

8. Burdin, Th.l157T

F— I S -1 I S T—1

mixing phase

Tevatron combination in plan. CDF will double statistics.
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Another way to look at it



Semileptonic asymmetry

[1 In flavor-symmetric pp->bb, like-sign leptons arise
from HF decays only if flavor oscillations occur.

X G .
o 2 B B’ ﬂ
/ % EO ........ o

[1 SM predicts small asymmetry between numbers of ++
and -- muons from B. Enhancement implies NP in

mixing.

[1 Derive from dimuon and inclusive muon asymmetries.
In 2010 observe 3.20.Lots of subtleties. Key points

O Asymmetric background of kaons faking muons

O Asymmetry in acceptance/eff between + and - muons
1 G. Borissov, Thu 15:30



Improved analysis<z,,

i
+50% statistics. Acceptance increased. Fakes reduced With\'
tighter muon matching.

b Nz;r+ — Ny < \\\
Asl = ++ — 1
0 .SM \\
A% (SM) = (-0.02810:995)% ~ 0. \

. Standard Model \ \

.A.slb = ('07—9 + 0.1'7 + 0.09)% l; -0.02| || B Factory W.A.

Assuming “muons” are muons | $DOE DX
and come from B decays e
b
. : 0.04 DO A} 95% C.L.
4.90 discrepancy 3 pa
R — s Je
Flight tells BC from Bs apart e B

Extremely interesting. Same dirgction as J/yo.
Independent cross-check measurement is crucial. arXiv:1106.6308
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Diversifying the port,foho

' ASL from sa,mple COIIlpOSlthIl fit of
| 2-dim impact parameter of |
dimuons. 1st step, time

integrated mixing, consistent

‘with LEP: ¥=0.126 +0.008 (1.4
dbe) __CDF Note 10335

R T . B

Use CP -pure Bs—d /wfo No angular _'
ana,ly81s. Lifefimex—1.707°1% 40 £ |
0.03 ps (3.8 fb'h) arXiv:1107.5763 |

3

“Muons/(0.008 cm)

— 530 535 540 545 550
- (J/\yn n)[GeV/c]

~ CDFRun i Prellmmary L=2.9ft

Pioneering penguin-side of Bs R e e
mixing with CPV in Bs—dd e
=(-12+6.4+1.6)%
= (@B AL L %R, Ifbl) Byl
ey arXiv:1107.4999 | |° 55 s 55 ss 54 es
o e bl Mass [GoV/ic]




Flavor Changing Neutral
Current Decays



b—sup dynamics

- p ﬁ# '?J -
oA o5 -

[1 Multiple channels

B°—K "%y, BY—~Ksul, B* =Ky, B*—=K""uy, Bs—>¢u, Ab*AUU‘}
e ———

[0 Rich dynamics, multiple measurements

O Total Br -- early access Improved 7fb-1‘
: analysis \
O Br vssquared dimuon mass reconstruct |
. 250 B*, 190 B®
Full angular analysi ’
O Full angular analysis ond 50 B

H. Miyake - Fri, 12:30 decays >
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Latest arrival ==,
Ty

Observation of yet another CDF Run Il Prelimi | 6.8fb"
un reiiminary L=0.
<>
D->spp process. ' Yield: 24 + 5

18[-Mass: 5621+ 6 MeV/c?
Br= (1.3 + O+ 0.55) * 10:° . 0 .. '
16 Ai—> ApTp
o Data \
Sensitivity complementary to 5.80 —Total Fit |
B processes. ot 2 —-Signal

---Background

The first Ay FCNC decay
observed

Candidates / (20 MeV/
>

3 54 55 56 57 58 59 6

M(uuA) (GeV/c?)
PRR———

16 a;PX1VllOI?5|?55



Angular fit results =, =

Compatible

with SM
p—

Sensitive to RH-
currents. 1st

measurement
R ——

H. Miyake - Fri 12:30

o 2CDF Run Il Preliminary L=6.8fb™
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0.5}

-0.5¢
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B—p'u

[1 SM rate is well understood

b w
[1 SM rate is small, 3.2x107°
t
[1 Broad class of NP models ARV
(w/ new scalar operators) s W
enhance it by 10x-1000x ®
W+
[1 Signature clean. t
W

[1 Pre-EPS experimental
limits at Br<4-5*108

(90% CL) P

o RuBn el ded b

Challenge: reject 10° larger bckg. Keep signal efficiency high ;
e e
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The analysis

Trigger on two muons with pr> 1.5 -2 GeV/c ;
e ——

NN classifier separates S from B

lifeti vertex Point ‘
ifetime quality Isolation ointing .

CDF Il Prellmmary 7fb 1
yyyyyyy 45000 = E = Sideband Data T
S 400001 g 40000F E g 50000F —  MC Signal £ oof .
& 35000 E W 35000 3 w g @ . .
= 40000 |- e 2000
30000 3 30000 F 3 g -
25000 |- E 25000 E 30000 | E 6000 B
20000 F 3 20000 E : - "
15000 3 15000 3 20000 (- E 4000F - U ‘
10000 3 10000 = _ 3 10000 F E 2000F — E
50005 E s000F = E L -
L, == E e 0 AT Sovws.
%10 20 30 40 50 60 70 80 %274 6 8 10 12 14 85 06 07 08 08 1 0 01020304 0506 07
Lylo, Ao Isolation 5o [rad]

Bckg predicted using mass sidebands (comb.) and fake rates

for B—hh. Checked on many control samples s
e ————

Look at search region in bins of ma.ss and NN. ¢

Rate determined using B*—dJ/\yK* as reference g
e ——— 3

19




What has changed

BEl-cmMx E-cMP ETH.cMU

[1 Doubled sample size: 3.7—7 fb! 1 0 !
[0 +20% acceptance (partially offset ’
by reduced trigger bandwidth)

O Added previously unused muons - \

O Added tracks that cross drift \

chamber wire-separator ) N~
— 3C[‘)FIII f’r(lellrnlpalwl7 .fb. . E ; ;
$ i °\\°, —— New NN
[1 Improved NN (more information, & | - OldNN i
different software package) g2~
LU iy
[0 B—puX region excluded from LR R
sidebands (m > B GeV). g | veEwEn g
©
M o

()

20 40 60
Signal Efficiency (%)
20




BO re SU].tS &M\’fb_p »
B

§
CC o94<v, <097| 097<v,<0987 | 0987 <v,<0.995 v, >0.995 [ \
data 4 :
S B—uw | §2central
S _l: _1— -\ Wwons
< !
expected & 4“3# AL _\M* JLLL i
b k O 0 [ T B [ N N LT T
C g @ |CF o94<v, <097| 097<v,<0987 | 0987<v,<0.995 vy, > 0.995 Z
:g 10+ -
c ] Background
§ 1 central
bekg 5 - 11 forward
TS b \\l\:\\ [\ WTRRS
svs‘rema‘rlc 0 | T ﬁ 1 ] ‘\}\\‘\}\\(‘L‘}\\ ‘4{‘\%\\\\?\\\\\?\\\%'_

5231 5279 5327 5231 5279 5327 5231 5279 5327 5231 5279 5327

m,. (MeV/c?)

—————

Bckg only fluctuate there or further 23% of times /

Br < 6x10°at the 95% CL (expected < 4.6x109) )
e —
arXiv:1107:2304




{6

Indication of Bs—u 'y s,

1CCo94<v, <097 097<v, <0987 | 0987 <v, <0995 v, > 0.995 [ .o
10- L Most sensitive
L 10 B b DI
% 5 | —.— ® /' 0.9t0.5 exp- '\
e A ‘ _\L »{_ l [ 4 observed :
Al TSR
8 0 | T [ 1 1 1 %\\\ [
w |CF o9a<v <097 097<v,<0987 | 0.987<v, <0995 v, > 0.995
2 10 i
T
c ! T Background
g | . |
5_. e B +Signal (SMx5.6) i
I\\\\\&%H& T
0' L1 11 + [ Jip i

5322 5370 5418 5322 5370 5418 5322 5370 5418 5322 5370 5418

My, (MeV/c?) arXiv:1107:2304

.80 assuming bck-only hypothesis
0.46x108<Br< 3.9x10%at 90% CL (Br=1.8 +1:1 59x10%) ;
e ——
Lower 90% CL bound slightly higher, but compatible with SM

(p-value 1.9%). Also compatible with latest LHC upper bounds.
22




Searches for old physics



Evidence of suppressed B eDh\
N 407 CDF Run Il Preliminary Lint =71fb" CDF Run Il Preliminary Lint =7fb’

o~ 40
g B — D, — [K* ] S B* — Dsupn — [K n*] n*
) —+— Data - ) —+— Data
E - Total B'— 3 E - Total + > \
~ 30 T B =Dy g ~ 30 I B+_’§gupn+ - .
50 NN B - DY, K 5 NN B* - Dy, K*
o : — B = Kuna'n o :
2 | B — D%, D> X 2 L B — D", D' X
© 20 B 5 - DK, D’ X S 20 -EO—>E°K D% X
T B’ —D ey, T -B—>D eV,

T —B-D"x

‘ —— B*>D
——————— Combinatorial background

——————— Combinatorial background

L L ‘ | Il 1l | | | ‘
54 5 5 5.6
Kn*nt mass [GeV/c?]

Asymmet_p;g}: (-82+ 44+ 0% i Sensitive to CKM phase y.

Agrees and competes
Suppressed/favored rate with B-factories

(2.20£0.86 +0.26)% ) M.J. Morello, Thu 12:00
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Yet another charmless

3.70 evidence for Bgs—T.

CDF Run I Preliminarny dt =6.11 fb!

g s 10
g .Bg—nr*n' , %
Py h
8 103E [ Jother \ s
3 o
8 - 3
g 10
10°F %
C + q)
uanal =
F ©
00 02 04 06 08 10 o 102
Relative Likelihood B}— m*n’ %
@)
B (OB 0:18 £ 0.10)*x 10 ° 10

2-sided Bs— KK bounds.
0.05<Br<0.46 x10° at 90%CL

Annihilation decays. Input for

modeling B strong dynamics. — M.dJ. Morello, Thu 1%:
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CDF Run Il Preliminarny dt =6.11 fb

- data
— total

5.2

B 5°— k'
B 8- kK
B’— mt

BB kK

05020

5.4

S .
B— K'n*
[l Az— px
B A0, o
B3\ pw

. BY— wtn

——— Multibody B decays
[ ] Combinatorial bkg

5.6

5.8

Invariant tr-mass [GeV/c?]

CDF Note 10498




Charm Decay Fa,ctorﬁe\”” f%%

Trigger on displaced tracks provide huge charm samples.
Not in CDF plans.

3 CDF Run Il Preliminary | Ldt=594fb"

Unprecedented sensitivity <10 SOM Km
to NP in up-quark sector. E’ ‘ -

©
Acp(DO—K+K-) = (-0.24 + 0 —
G228+ 0.10)% gf M KK

S|
Acp(DO—11+11-) = (+0.22 + g L
0.24+0.11)% FRees
CPV in DO mixing < 0.13%
at the 90% CL o 1 T

15 2.0

Will last for long time _ Invariant n*7-mass [GeV/c’]

= CDF Note 10296



Strangely Beautiful Baryons

S all discovered previously

27



=% observation =%,
N

&

o 29705 evis;

i . - .
': 6,80‘ { -~ in =¢ signal range
e’ — —— |
- |
2} L l L | | -
12 . -
10}- in =¢ sidebands

8
6
‘ -
2 |
g 05 6.10
GeVic
M(="tn*)
e —— :—_—Q
M(E%)=5787.8+5.0+ 1.3 MeV P. Bussey, Fri 15:45,
M(Z%) - M(Ep) =3.1+£5.6+ 1.3 MeV arXiv:1107.4015
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Summary



Lean but mean

A program at its peak: samples of unprecedented size,tuned /
experiments, established analyses, enthusiast and focused people |

10 results new for EPS |
R —— :—_-—d
[0 Seriously challenging the SM

O 4o effect in semi-leptonic decay asymmetry
O World’s best determination of Bs mixing phase
O Indication of Bs—pupu
[1 Keep advancing knowledge of CKM physics and QCD

O Observation of the Z% baryon

O Among world’s best BDKsoa,nd charmless results



Quite a legacy

10 resonances
discovered

World’s best
masses

World’s best
lifetimes

Unique Bc
studies

Charmlgss Bs: '

| -
Bs mixing phase
s gD ;
B->pu

™ L : »V ‘J"‘;/
- Bs mixing frequenoy}'
RRER————
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One slide show

IIII]II]I]IITI]IIII'IIII
excluded area has CL > 0.68 ' j

AT, &1fS

SM point

L l L I T T

Am, 8

- l/
L

\\
&@x’z’n/ New Physics in B_ - B mixing
WG s
N
1 0 1 2

Relative NP phase in mixing
Relative NP phas‘e in wmixing

-2 1 0 1 2 3

Magnitude of NP in wixing Magnitude of NP in wmixing

little Tevatron, ifany Tevatron only (almost) 3

R — R ——
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We have come a long way...

14

o | Bt /K (1990)

Demonstrated that cutting-edge HF
physics is possible in addition to
high-pr program.

Two major transitions:

Number/(0.020 GeV/c?)

O silicon vertex detector (1991)

5 51 52 5.3 54 55 56

O silicon in the trigger (2001)
- BO oscillations (1997)

Tevatron legacy for HF includes

ideas, techniques, ecc that we Hh + .
pioneered and have now become —, M/ T
standard: flavor-tagging, ) \f

importance of trigger, importance of
doing data-driven




The end



Flavor

Physics of matter at its most fundamental level. Deals
with masses/mixings of fermions. Origin of mass? Why
are masses so different across families? Why are
couplings different?...

1st Gen. 2nd Gen. 3rd Gen. p @ @
u- Ce te [ [
S S \ o e |
de S b

€ e T vel = 1 x| ©
Ll v vl v vl vl v vwl vl vl

< ) o

z 2 <

: 1 ®

} “Ne v 2
x1/1000 P,\;ggsn x1000 N /

” . A=0.22 3 :
w-'* —

Flavor is also where CPV manifests itself. SM has sufficient
complexity to accommodate it but says nothing about its

origin. x



Silicon Vertex Trigger

Dedicated hardware : —

? invariant mass| Integral 591

D
Combines information from | |
drift chamber and silicon Real-time plot!s
W ——— -

Finds all central tracks with
pt>2 GeV/c and determines |
their impact parameters

10

In less than 20um Y Yeever |
Crucial role in this analysis. P - .
S~ LT_>_0_ o ___ ________________ P_'_I"
Boosts yield by factor 30K pﬁm’ s
interaction " do(1 Secay 20

vertex L vertex
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J/Y¢ at a glance

Trigger on two muons consistent with J/1 decay }
e —

Unbiased optimization of signal selection 3
L e — -—————w

Joint fit to mass, angles, decay time, production flavor

Mass separates ¥ Angles: CP- Decay-time to know Flavor: Bs
signal from even from time evolution from Bsbar
background from CP-odd

. CDFRunllpreliminary L=5215" __CDF Runll Preliminary, L = 5. CDF Run Il Preliminary L=521f" 2.0 CDF Run Il Preiminary _ L=521'
§ Zzzé— 700 —— Dntr g 3 . Ditata - signal region _§ ’ B events
E L — B = [ Slope =1.12+0.10
% 700? g 31] § 103 g_ % 1.5 P
g 600? R 8. ; 02 :— i%— 1.0 ++
500 4001 - v E 8
3 400k + E F = 0% 1
g E“un Sty bt ’H’H 3 m,. 2 10— 5 I
UUUUU A N AT LaTus ",‘"‘,, pit + [ E (@] 0.0
P " 00F g
G 200¢ 05[]
O 100f- 100} 1 - /
0538 532 536 54 54a - - L 02 0.1 : 0.1 092 18 ‘ : . : .
Mass(JAy 6) [GeV/c?] Yoo © of (apkid fem] ® %2 08T Precicted Dilution
e ——
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The (mild) excitement

0.6 CDF Run Il Prel. 2.8 ib"'+DO 28fb"
N 68% CL
0 95% CL
204¢ 99% CL
o
Z 0.2 s
/
0.0 *> """"""""""""""""""""" SRR SLCCSEE s
-0.2
2.20
-0.4 - gy
_O ..............

5 1.0 -05 00 05
wmixing phase  5.*’[rad]
PRERr——

43 CDF Note 9787/ DO Note 5923



Agr, in one slide

two samples: 2 billion single y and 6 million di-y in ¢
O fbl. pr>1.8-4.2 GeV/c =
e ———

Measure +/- asymmetry in both samples [
‘—————_ﬁ

Asymmetry washed by ¢ Asymmetry biased by ¢

)

muons from non-oscilla,tingi background asymmetries ;

sources (from MC from instrumental effects

Kaon contribution measured in data, pions ¢

extrapolated from MC.
L —— ‘—'—'——--d

Combine asymmetries from single-uy and di-p \

samples to subtract common backgrounds g
e ——

G. Borissov, Thu 15:30
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The analysis =t

=~
Opr
%
Trigger on two muons with pr> 1.5 -2 GeV/c ;
e ———
Veto resonant charmonium modes and charm bckg ;
e ——
NN separates S from B } Reduce cross-feeds 1
pr, life, pointing, p-ID "‘ Ly <-> Ksp '7,
- >
Use resonant B—dJ/1yh modes as normalization 3
e ———
Extract absolute/differential decay rates and angular ¢

asymmetries ;
*‘ ——— -
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! 140

Candidates / (20 MeV/

Candidates / (20 MeV/c?)

=y
N
o

100

B->K(Mppu signals

CDF Run Il Preliminary L=6.8fb™

-Yield: 234 + 19

[ Mass: 5277 + 2 MeV/c?

- B'— K'uu
+ + Data

L — Total Fit

[ —-Signal

---Background

I t
G:‘ T S T S T
5 51 52 53 54 55 56 5.7
M(upK) (GeV/c?)
CDF Run Il Preliminary L=6.8fb™
30- [ Yield:28 +9
| Mass: 5284 + 9 MeV/c?
g B°— Kqu*w
25: + Datas
+ — Total Fit
20/ —-Signal
---Background
15
100 ]l FATAN
r !
[ 1
5r it
[ o
F /'I \ +
GHHMH‘_L-\HM‘NJ_LLM-JL_LJLLM
5 51 52 53 54 55 ?

M(upK ) (GeV/c )

W ———

Candidates / (20 MeV/c?)

Candidates / (20 MeV/c?)

-
[=]
o

©
o

40

CDF Run Il Preliminary L=6.8fb™

"Yield: 164 + 15

| Mass: 5277 + 2 MeV/c?

N B’— K'ou"u'
-+ Data
— Total Fit
—-Signal

---Background

-
|

Ll (7.2 T WU WS A

51 52 53 5.4 55 5.6 5
M(uuK )(GeV/c )
CDF Run Il Preliminary L=6. 8fb™

161 [ Yield: 20+ 6
- Mass: 5285 + 8 MeV/c?
14 B'— K *uty
i + Data
12 — Total Fit
L —-Signal
101~ ---Background
8 -
6l
ab B
LY . t1
G:m,\mrr:’mm“s.;h | PO PO O
5 51 52 53 54 55 56 5.7

M(upK'™*) (GeV/c?)

CDF Run Il Preliminary L=6.8fb™

"2 35 Yjeld: 49+ 7
S [ Mass: 5361+ 4 MeV/c?
2 30 0 o
= Bs— ou'p
8 + Data
= 25 — Total Fit 3
~ N
g —-Signal
‘a 20F ---Background
il
B 150
1]
(&]

10}

50 A

G: FITAN TS ,_“_,.y \... _L}It_AfALJJ_LJ_A

5 51 52 53 54 55 56 57

M(uno) (GeV/c?)

] World’s most
precise
absolute and
differential BR
measurements
arXiv:1107.3753
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Bs->mumu

Signal decays at 95%CL Trigger acceptance ratio from MC Rec. efficiency ratio fror{]
to be measured approx. 0.2-0.3 MC/DATA approx 0.8

4 €4+ 1 ‘

BB — p )

:u/ ) B(B—|—>7

Qs | |€s | IEN fs

B*— J/4K+ decays from data Efficiency of NN requirement from MC,
approx. 20K approx 80-20% (cut-dependent)

R —— T




The 3"bin s,

PS;
Unlikely to be peaking bekg. Only  (E§ _ ~~
one is B—hh. Is 10x larger in B° g R s '
window where nothing is seen. L”” 1 ﬁ- _1. By ¢

Unlikely to be syst. problem with
combinatorial. Same procedure in
B° where nothing is seen.

-
o (=]
1

candidates / 24 MeV/c?
o w
% v
I
1
z -
A
o
&L 4
N {/2 o
- 3-
a 2
B 3
o
8 I
B '
7 1
4 o
8 "
&
22-/
A
o g ©
> & [ 8
(9]
@ [ |
N + o
n @ =5 =
o S % v v
@ 8 9§ o o
o — © [¢e]
2 3 8 &
- z
5 o
. S B S —

Unlikely to be NN-shape issue. o m(MV’)
Cr.’os.s-check with B* looks good T —— R PR )
within <5%. And several cross- . |
: fluctuation (2.60). Not s
checks show no mass bias vs NN . . :
unlikely in one out of 80 bins. )
Using last 2 bins only: T

Breil 4% S a0 8 (0.833x108<Br< 3.3x108at the 90% CL)

p-value(bckg-only) = 0.66% No significant impact on result 3
R ——
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Cartoon

‘sequenﬁal\

4| signal | /M
“ C% {
e N u |
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NN distribution

= UVIU~viviw

-~ CMU-CMX

CDF Il Preliminary 7 fb™

.
g

5 0.8

e

45

Entries/0.01

—
Q
w

Entries/0.01

—
<Q
\V]

= | | | | 3
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Combinatorial

All uncertainties are included

B, signal window:

BO signal window:

NN Bin CC CF
0.700 < NN < 0.970 | 129.24+6.5 146.3+7.0
0.970 < NN < 0.987 | 7.9+19 11.6+1.8
0.987 < NN < 0.995 | 4.0+1.1 3.3+1.0
0.995 < NN < 1.000 | 0.79+0.52  2.6+1.5

NN Bin CC CF
0.700 < NN < 0.970 | 134.0+6.6 153.447.3
0.970 < NN < 0.987 | 8.2+2.0 12.1+1.9
0.987 < NN < 0.995 | 4.1+1.2 3.4+1.1
0.995 < NN < 1.000 | 0.8£0.5 2.8+1.6
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Peaking charmless B

B, signal window:

10x smaller than

0.03+0.01 <€— combinatoric bkg

NN Bin CC CF
0.700 < NN < 0.970 | 0.03+0.01  0.01+ <0.01
0.970 < NN < 0.987 | 0.01+ <0.01 0.01+ <0.01
0.987 < NN < 0.995 | 0.02+ <0.01 0.01+ <0.01
0.995 < NN < 1.000 | 0.0840.02

B, signal window:

NN Bin CC CF
0.700 < NN < 0.970 | 0.31+£0.08 0.09+0.02
0.970 < NN < 0.987 | 0.13£0.03 0.05+0.01
0.987 < NN < 0.995 | 0.194+0.05 0.04+0.01
0.995 < NN < 1.000 | 0.72+0.20 0.20+0.05
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Bckg estimate checks

cc *
sample NN cut pred obsv prob(%)
0.700< NN < 0.760 217.41(12.5) 203 777
05s- 0.760 < NN < 0.850 262.04+(14.1) 213 99.1
0.850< NN < 0.900 117.9-(8.6) 120 447
0.900<<NN < 0.940 112.14(8.4) 116 39.4
0.940<<NN<0.970 112.74(8.4) 108 64.2
0.970<<NN < 0.987 80.2:4:(6.9) 75 68.3
0.987<<NN<0.995 99.8
0.995<NN<1.000 € 32.54(4.2) 35 37.5
0.700<<NN < 0.760 oo 55.0
S5+ 0.760 < NN < 0.850 3.34(1.0) 5 25.4
0.850 < NN < 0.900 1.54(0.7) 2 43.2
0.900<<NN < 0.940 0.94(0.5) 1 56.8
0.940<<NN < 0.970 1.2:4:(0.6) 1 65.9
0.970< NN <0.987 1.54(0.7) 2 43.2
0.987<<NN<0.995 ﬁ" > a 74.1
0.995<<NN<1.000 0.34(0.3) 0 74.1
0.700<<NN < 0.760 NSy 23.7
SS- 0.760 < NN < 0.850 8.44(1.6) 7 69.8
0.850< NN < 0.900 3.34-(1.0) 6 14.3
0.900< NN < 0.940 2.44(0.8) 4 24.0
0.940 < NN <0.970 2.44(0.8) 4 24.0
0.970< NN < 0.987 2.14(0.8) 0 12.2
0.987 < NN < 0.995 :w(n 2) n 22.3
0.995<<NN < 1.000 0.34(0.3) 1 30.0
0.700<<NN < 0.760 . C 11.1
FM+  0.760<NN<0.850 110.5-+(8.3) 121 22.3
0.850< NN < 0.900 52.04(5.4) 37 96.3
0.900< NN <0.940 37.34-(4.5) 37 53.0
0.940<<NN < 0.970 20.14(3.3) 20 52.3
0.970< NN <0.987 8.34(2.0) 6 77.1
0.987 < NN <0.995 87402 0) 3 97.5
0.995<<NN < 1.000 24 30.7

& 20.84(3.5)
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Ingredients

B il Sl

-y == -

cC CF
(a g+ /oB,) 0.307 £ 0.018 (£6%) 0.197 £ 0.014 (£7%)
( tB’f/eg;'g) 0.99935 + 0.00012 (< 1%) 0.97974 + 0.00016 (< 1%)
(efec0 / efec0) 0.85 + 0.06 (48%) 0.84 + 0.06 (£9%)
NN(NN > 0.70) 0.915 + 0.042 (+4%) 0.864 =+ 0.040 (+4%)
B N(nNN > 0.995) 0.461 + 0.021 (£5%) 0.468 + 0.022 (£+5%)
Npi 22388 + 196 (£1%) 9943 + 138 (+1%)
fu /fs 3.59 + 0.37 (413%) 3.59 4 0.37 (£13%)
BR(BY — J/yKkT — ptp—kt) (6.01 + 0.21) x 107> (£4%) | (6.01 + 0.21) x 107> (£4%)
| SES (All bins) [| (2.9+05) x 107° (£18%) | (4.0+0.7) x 1079 (£18%)
CC only
NN Bin env'. B—hh Bkg  Total Bkg  Exp SM Signal
0.700 < NN < 0.970 | 20% 0.03 129.24+6.50 0.26+0.05
0.970 < NN < 0.987 | 8% < 0.01 7.91+1.27 0.11+0.02
0.987 < NN < 0.995 | 12% 0.02 3.9540.89 0.16+0.03
0.995 < NN < 1.000 | 46% 0.08 0.79+0.40 0.59+0.11
CF only
NN Bin env'. B—hh Bkg  Total Bkg  Exp SM Signal
0.700 < NN < 0.970 | 21% 0.01 146.29+7.00 0.1940.04
0.970 < NN < 0.987 | 10% 0.01 11.57+1.57 0.09-£0.02
0.987 < NN < 0.995 | 8% 0.01 3.254+0.82 0.08+0.01
0.995 < NN < 1.000 | 46% 0.03 2.641+0.74 0.4340.08
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Mass CC
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CF only
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Expected vs Observed Bs

CC Mass bins [GeV/c2]
NN Bins 5.310-5.334 5.334-5.358 5.358-5.382 5.382-5.406 5.406-5.430
0.970<<NN <0.987 Exp 1.624-0.49 1.640.48 1.584-0.47 1.5740.47 1.554-0.46
Obs 1 < 7 1 3
0.987 <<NN <0.995 Exp 0.8240.27 0.84-0.27 0.794-0.26 0.7840.26 0.784-0.26
Obs 1 1 3 0 0
0.995<<NN <1.000 Exp 0.21+0.14 0.18+0.13 0.1640.12 0.1640.12 0.164-0.12
Obs 0 1 2 0 1
CF
0.970<<NN <0.987 Exp 2.384-0.56 2.3440.55 2.31+0.54 2.284-0.54 2.254-0.53
Obs 1 = 3 1 2
0.987 <<NN <0.995 Exp 0.6710.24 0.661-0.24 0.6514-0.24 0.644-0.23 0.634-0.22
Obs 1 1 0 1 0
0.995<<NN <1.000 Exp 0.56+0.39 0.544-0.38 0.53+0.38 0.5240.37 0.51+0.36
Obs 1 1 0 1 1
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[]

All about tracking

4.2 fb! of displaced-track trigger

o tracks, 4 vertices.

Use similar decay of known =v as
a reference. Use Ap—>/AcTT to
optimize charm-baryon lifetime
cut.

Track hyperon in silicon

CDFRun I, 44 pb”" CDFRun I, 44 pb”"

Candidates per MeV/c?

0 1.315 1.320 1.325 1.330 1.335 1.340
M(AT) GeV/c?

=" w/o silicon :©  with silicon ;
wo— ——==my @e— ==y P Bussey, Fri 15:45, arXiv:1107.4015

310 1.315 1.320 :l.325 1.330
M(A™)




