B Physics at CDF

e Decays with 2 muons
e Hadronic B decays

e Something completely different:
Pentaquarks

Moriond/EWK 2004. Jonas Rademacker, CDF



e New Si microstrip detector
— excellent time resolution
e B triggers include
— wpp Trigger: finds B — J/¢X
— Displaced Track Trigger:
finds B's (and charm)!

By — J/YK* event at CDF



Measured b X-sections
at CDF:

Extract b-fraction in J/¢(up) data
from fit to Lgy

Lyy = projection
of decay distance
onto p.

prim Vtx

J/¢ from B’'s have long, positive
Lyy, prompt J/¢p symmetric,
centered on O.
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Lifetime (ratios) and Heavy Quark Expansion

HQE predictions for B lifetimes
e HQE frequently used to relate

measurements to CKM pa-

rameters e.g. B.R. of B — /vX 7(Be) < 7(ZD)

to |Vl |V (see talks this ~T17(N\p) < T(Bg) ~ T(Bg) <7(B7)
morning). <7(=5) < 7(£2p)

e Need to be sure this tool

WOrKs!
o 7(B7)/7(BY) = 1.067 £ 0.027

e HQE gives precise predictions
for B-hadron lifetime ratios -
good testing ground.

o 7(Bs)/m(BY) = 0.998 + 0.015

o 7(Ap)/T(BY) =0.9+0.05



Lifetimes in

candidates per 50um
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CDF Run Il Preliminary

pp Trigger B — J/¢(up)X fully reco’ed

L= o Resolution: Evt-by-evt Gauss.
B* - J/YK* .
Fit Prob: 38% e Signal: exp ® Gauss.
—senal e Bckg model: (prompt 4+ 1 negative

and 2 positive exp) ® Gauss.
e Use mass fit for evt-by-evt S/B.
e Unbinned fit with £ = L£L(7, mass)

CDF Run Il Preliminary

L ~195pb™

Fit Prob:

candidates per 5 MeV

60 B* - JIPK* 2166 + 59 signal
C candidates

65%

Candidate mass [GeV/c 2]

0.3

wlml 2.4k BT — J/ypKE)T
~ 1.6k BO — J/yK(*)0 195pb—1
o T4 = 1.66 & 0.04 4 0.02ps
e 750 = 1.49 + 0.05 + 0.03 ps
® Tp+/Tgo = 1.124+0.046 £ 0.014
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Lifetime Bs — J/Y¢ B — J/w(uu)X fully reco’ed

,» CDF Run Il Preliminary L=138pb” onsi/t for 138 pb_l
E B, > Jiy o -+ data

Bct (Sig)

Bk | ¢ rp = 1.3340.14 +0.02ps
W ct (Bkg)
Fit prob: 19.7%

=Y
a
L]
|

candidates per 50 pm
I

o 7p,/Tgo = 0.88 £ 0.11(stat)

J‘ ‘ ® Note: Measurement dominated by CP-even

ct, cm component

e Comes in 3 angular momentum states, 2 CP-even, 1 CP-odd.
e Can be disantangled by angular analysis. = measure Al ;.
e ...with more statistics.



CDF Run II Results: Lifetime Ratios (prelim)

Bl — J/v(ptp )KOF, B — J/p(utp)KEO, B — J/p(utu)e, Ap — IJ/p(ptu)A
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1(B")/1(B,)=1.12 + 0.05
Run 1:"1.091 + 0.050
WAV: 1.086 + 0.017
HQE: 1.067 + 0.027

1(B)/1(B;)=0.88 + 0.11
Run I: 0.899 + 0.072
WAV: 0.951 + 0.038
HOE: 0.998 + 0.015

T(A)/1(B )=0.91 # 0.20
Run 1:0.835 + 0.11

WAV: 0.797 = 0.053
HQE: 0.90 + 0.05

07 08 09 1 11 1.2

Run II BT /B4 from 195pb—1
Run II Bs/By from 138pb—1
Run II Ap/Byg from 65pb—1

Run I results: all channels
combined. Run II (here): fully
reconstructd J/v¢(up)X only.

Approaching Run I precision. Tevatron-specific: Bs and Ay llifetimes.
Run IIa will provide real test of HQE.



Search For Bs — puTpu~, By — pTu~

High Sensitivity to New Physics For example mSUGRA

SM BR ~ 1079
e BR(Bs — ptp™)

Man extension of SM M2, GeVv4
Y ~ 10~ 6tan® g—2/2

(MSUGRA, SO(10)) pre- (M3 ), +Mg)3
dict enhancements by sev-
eral orders of magnitude. e Connection to ay = %:
e Observation = New 04, SUSY = G, SUSY — Gy SM
Physics. o tan ﬁf‘;\%f;)

e Else: Exclude some the-

. Dedes, Dreiner, Nierste, 2001, hep-ph/010827
ories.
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Search For Bs — uTu—, B

S  saMua Jo uonoey °©

Bkg = N(cr, A®P) - R(Iso) - R(mass)
X-check Bg-predictions in ptu™, p=p~ and (pTp~ with er < 0). Then unblind.



Search For Bs — ,u+,u_, By — ,ufi',u_ in 171 pb—1

Result: levt in overlap region
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BR(By — pTp )< 1.5-1077 (90%CL)
BR(Bs — uT1 7)< 5.8-10~7 (90%CL)

expected limit BR(B,—> u'u™) x 107 [~
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Bs — up, (9 —2)u, and mSUGRA.

Black BR(Bs — uu).
Green éay,/10710
Red Mass of (lightest) Higgs
(GeV)

500
For tang = 50 Ao = 0, u > O,

my = 175 GeV

(100Z 2°0) Lz080T0/ud-dey

M{/2 [GeV]
Inching into the allowed parameter space of mMSUGRA.
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Displaced Track Trigger

Trigger B Trigger
e [raditionally: Trigger on
e 3 Level Trigger: 25MHz— (e, ). Works well - see
L1 — 15kHz — L2 — 300Hz results on previous slides.
— L3— 50Hz = throw away
00.998% of all events. e Excludes important B decays,

like BY — nt7.
e Need to make sure that those
0.002% we keep are carefully e Run 2: First time in a hadron

selected. ollider: Use “long” B lifetime.
prim;\< ~1/2mm Trigger on Impact Param-
A

vtx ——\BdCYy eter at L 2 (2 tracks, 1P
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Displaced Track Trigger
SVT Impact Parameter distribution 900 B — hh events for 190 Db_l
G =48 pm (includes 33pum beam spot) (Bg — T, B(S) — KK’ etC)
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Disentangling B — hh
Challange: Separate BY — nm, B — KK and other B — hh

CDF Runll Preliminary
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Bg — hh Results for 65 pb—l, and prospects

First observation of Bs— KK:
90 + 24 out of 300 B — hh events
(65pb~—1).

Search for Qﬁ in time-integr. rates
A r(BY—K aT)—TI(BY—KTr")
CP = F(BO—>K 7T+)—|—|_(BO—>K+7T )

= 0.02+£0.154+0.017

r(BY—rtr")
r(BY—K*nF)
r(BY—K+TK™)
M(BY—K*r¥)
= 2.71+£0.73 £ 0.35(fs/fy) £0.81

= 0.26 £ 0.11 4+ 0.06

e Analysed ~ 33X as much
data — Improved results,
soon.

e Long term: Time de-

pendent decay rate asym-
metries in Bq — mm and
Bs — KK allow extraction

of CA5 phase ~.
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Loads of Charm - DY — hh
DO from D*T — DOxn: Clean signal, distinguish DO, D°. For 123 pb~—1

D*t DO(K_T('_I_)T('_I_ D*t+ — DO(K_I_K_)T('_I_ o Acp KK =

4000 CDF Runll Preliminary L =123+7pb” 4000 CDF Runll Preliminary L =123+7pb” I_(DO—>K+K—)—|_(DO—>K+ K_)
S DD KT S | DD o [K K = — —
33500?ND0=883101330 y 53500; ND0=81901140 I_(DO_>K K+)+I_(DO_>K+K )
=2.0% =+ 1.2% + 0.6%
- Ay =
500[ r(DO_>7T+7T )-F(DO—>7T+7T )
: N | el F(DO—r—nt)+M(DO—xt7r)
.8 1.82 1.84 1.86 1.?(81-[ Masjs..S[)Ge\//Clz.]gz 1.75 1.8 1.85 KK]’.\./IQaSS [GEV/él.Z.;J5
= 1.0¢ 1.29 .65
88.3k + 0.3k 8.10Kk + 0.14 k 0% +1.2% £ 0.6%
B = 9.96% + 0.11% + 0.12% ig—r=sd = 3.608% + 0.054% + 0.12%
0 k+K-
D —KTKD) — 2.762% + 0.040% + 0.034%
F(DO—ntn—)
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BY — Dsm

CDF Run Il Preliminary, L =119 pb ™ e Flavour eigenstate

NO 50:_N(Bg):84ill o -
% : e NO missing momentum  (unlike
S 40 B? — Dsfv), good time resolution
§3o' (o(7) in topol. similar decays: 67 fs).
St Needs hadron trigger.
O 20f
'f':_,’ i e CDF's "golden mode” for mixing.
(- R
1
i 101 e 80 BY — Ds(¢pm)m evt for 119pb~1,
07

_ S/B ~ 2. Note: efficiency improved.
D1t Mass [GeV/c ] Now ~ 1.6evts/pb—1.
No Bs mixing result, yet. B.R. instead:

fS'BR(Bg—>DS_7r+) o
fd'BR(Bg—>D—7T+) — 0.354+0.054+0.04 + 0.09(BR)
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Pentaquarks

Looking for =9(1860) — =

= T

found by NA49 (hep-ex/0310014)
1StStep: =~ reconstruction

| CDF Run Il Preliminary |

(qV] LA —
2 i 1
8000 - = 220pb
=
(q\|
~ 2ol N=36,000
> 6000

4000]-

[ =track found in SVX

Ll PRI AR I
1.3 132 134

M(AT)

136 1.38

[GeVic?]

tand="" =71 with=" — AN(pm)m—,

e — is very long lived - yet

another job for the displaced
track trigger. Find 36,000 =".

=" lives long enough to leave
hits in Si Detector. Requiring
hits from the =~ in the Si pro-
vides extremely clean == sig-
nal.
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Pentaquarks Looking for =(1860) — ===

ond Step: Combine =~
Normalise by
=0(1530) - =—xT.

| CDF Run Il Preliminary |

with ©+

known

1500

'=(1860)’

N /10 MeV/c?

1000}

500

T = track found in SVX

_IIII|I-lI-II

I R
18 1.9

M(ZT)

I
2 21 2.2
[GeVic?]

Don't see any =(1860)

It's not statistics:
many =~ as NA49).

(18x as

e Unknown bias due to Trigger?
Re-check with Jet20 data (2x

NA49). Still no =(1860)

95% UL relativ to =(1530):
=—xT (search) / =(1530) | 0.07
=—7n~ (control) / =(1530) | 0.04
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Summary
Plenty of B at Tevatron. Only source of Bs, Ay.

Lepton Trigger Hadron Trigger
_ e Unique sample of B — hh,
e o(pp — bX)
B — Dn

e Precise 75 in B — J/yX. 15t

st -
step towards Al s, test HQE. e 1°* observation of Bs — KK.

e Best limits for Bgg— pp. e Lots of Charm.

Highly sensitive probe of New o i tire: AM.. Am. P with
Physics. Bs - KK & By — nr

e Pentaquarks: Didn't see =(1840)
. will look for others, especially D or J/¢ + Baryon.
20



Summary B Physics at D@ and CDF

Lepton Trigger Hadron Trigger
e Plenty B — J/¢X, B — fvX, for ® Unique sample of B — hh,
o(pp — bX), B.R. B — D** B — Dx. 1St observation of
precise T for BT, By, Bs, Ap. Bs — KK, Lots of Charm.

e Best limits for By s — pp from
CDF, D® result with similar
precision, soon. Highly sensi-

e DP's displaced track trigger is
being comissioned.

tive probe of New Physics. e Pentaquarks: Didn't see
e Flavour tagging and Bgq mixing =(1840). Will look for others,
results from DQ. especially D or J/¢ 4+ Baryon.

Penty of B results at both experiments. Beginning to se-
riously probe SM. More B physics of all flavours, soon.
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NA49 Digest
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-) = 1,640

=t) = 551

N(=(1530°) ~ 150

N(Z(1860) = 67.5

N(Z(1860~~) = 36

N(=(1860°) = 315

NA49 Digest
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'NAd9 =

February19, 2004

I'NA49 =

#=(1860  o(pp— =(1860)-Br(=(1860 — =~ ") -a(=(1860)

#=(1530

#=(1860  o(pp— =(1860)-Br(=(1860 — =~ 1) -a(=(1860)

o(pp — =(1530) - a(=(1530)) ~0.21, (1)

~0.24, (2)

#=(1530 o(pp— =(1530)-a(=(1530)
(1860  o(pp— =(1860)-Br(=(1860 — =~ *)-a(=(1860)
#=(1530 o(pp — =(1530) -a(=(1530)

~045 (3)

o(pp — =(1530) -a(=(1530)

olpp—z)aE) o @

Dmitry Litvintsev, Fermilab CD/CDF
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The Bg System

Two CP-eigenstates with dif-
ferent mass and lifetime. Mea-

sure both Al's and Amgs at
CDF.

AN from lifetimes in
BY — DsDs, BY — KK,
B — J/v¢

15t step towards Als: Average
7 in J/¢¢ 1.33 4+ 0.14 ps

Ams from Bg oscillations.

Status

Ams = 15—-30ps~1, 95% CL
(Direct limit 4+ Unitarity Trian-
gle, from CKMFitter).

Theory: Al_—';s =7% 1+ 4%

Exp: 4= < 0.31, 95% CL
2 2
AI‘S —_— 7Tmb Vcbvcs
Ame T 2w, [Vl X RED ~
2.1073

Sensitive to CKM and New
Physics.
25



[aaaina Strateaies and Status

Measured Performances in Run II.
flavours O o
at creation e = efficiency, w = wrong-tag

fully reconstructed B D=1-2w

Tag eD? (%)
D\ opposite—side B hadron p 0.66 +0.09
I T b [~ e in progress
epton Tag ° — Kopp in progress
Kaon Tag b —> C —> S —> K QJet in prog ress
Jet Charge 2. Q(all trks in Jet) Bq:msame | 1.9+ 0.9
Bs:Ksame | In progress
Same Side Tag:, — D Bs N events before tagging ~ ¢D?2-N

S
§ perfectly tagged events.
S

Expect great things from Kaons: K/w sep. in Time Of Flight.

26




Ams with BY — Dgrr

Significance =
1 > | S 2
ESED S+ B exp ((Amsaf) )

Performance
Now | Expected Improve-
ments
ﬁ%ﬁ 1.6 pb | more Ds modes
S/B| ~ 2.
eD? being studied
o(r) | 67fs | LOO,PV = 50fs

Most important improvement: Better o(7) using innermost Si
layer, and evt-by-evt prim. VtX.
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B production at Tevatron Run II

e pp collisions @ 1.96 TeV, o5 ~
0.05mb

e Produce many B9, Bs, Ap, .... some picture

e Challanging: Messy environ-
ment (o (pp inel)~ 100 mb)
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Silicon Vertex Trigger impact Parameter trigger at L2
Combines L1-tracks with Si-info to calculate IP.
orp = 48 um = 0.35 um(intrinsic) @ 0.33 um(beam-size)

Feb /27 /2002 L=1.3 pb™’

D° —> K (Online) 2-Track Hadron Trigger

3000 =

[ 1: 2 XFT tracks, pr > 2GeV, A¢ < 135°,
pe1 + pio > 5.5 GeV.

2000

Events per 10 MeV/c*

L2:
2-body: Multi-body:
o R 2 Preiminors e.g. Bg — T e.g. Bg — Dgmr
e W .| IP>100pm IP> 120 pm
Kz Mass (GeV/c?) 20° < A < 135° 2° < A < 90°
Finds lots of charm. | Lay>200pm Lzy> 200 pm
Use DO — Kr as online | 1P of B <140pum -
monitor for SVT. [ .3: Same with refined tracks & mass cuts.
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Silicon Ve
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Silicon Vertex Detector
e Layer 00 fully functional 300

SVX Il +ISL only:

e Cooling problem solved. Hybrid region of SVX ||

e Chip-failures in z-layers wlout Hybrids

understood, can be pre-
vented in future (no

|.P. Resolution [um]
)]
=

With

. Layer 00
problems since Nov). ok e .
1 10
e Need to finalise Align- b [GeVic]
ment: For — now, For “simple” 7 measurements, SVX II in

ISL, Layer 00 and 2-D fully adequate. Improvement from
z-information not used | 00, ISL, and z available soon, esp. for
(coming soon). Ams, and to improve acceptance.
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CDF Run II Semileptonic:

Use combined particle ID from
time of flight and % to identify
protons and reduce background

(see Figure).
Find 590 + 50 Ac.

Combine Ac with ¢, accept masses
between M(Ac) and M(Ay)

Statistical precision of current
sample: o(7p,) = 0.13ps

r(Np) from Ap — AT (pKta=) v

V

o 400 |
= -

N 350

q_) -

o

@ 300 [ j! g
c - =

3 - mltf Il M
LIJ 250 | I - -

LK
200 [~

150
100 0
N L .
ﬂ!"ﬂﬁ T FL‘U_UMW‘UJ

50 %guruuu o= I

2.15 2.2 2.25 2.3 235 24 245
pKmtmass (GeV)

N mass with and without pro-
ton ID from TOF and Ccll—f.
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