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Orbitally Excited B Mesons
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Orbitally & Radially Excited States
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e From extrapolations of D**
and theory', consistent with
radial excitation 2(°9,) of
ground state B

"EPJ C 66, 197 (2010)
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e Significance of 4.40
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Orbitally & Radially Excited States
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[ B, Production Ratio | CDF Note 11083

e 3. the most massive non-quarkonium meson

o(Bf)-B(Bf — J/¢Yuty,) N(BT)

° Rprod — O_(B-|-) ) B(B—I— — J/??bK‘F) - N(B+) 7 Gl
— pr(B;) > 6GeV,
BC C . J/w<;,:_ ly| < 0.6
f u
b M -
Production Semileptonic Decay

e Start with a .J/v), add a third track (1 or i)

e Compare invariant mass distributions M (J/v¥u™t) vs. M(J/pK™)

Peaks at B mass
Fraction from 5 ? Normalization


http://www-cdf.fnal.gov/physics/new/bottom/140228.blessed-Bc-Xsec-8.7fb/plots/pub_bcXsec_8fb.pdf
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CDF Note 11083

e K — u,m— [

(from data, D™ peak reco,
fits to dE/dx)

e .J/1) mass sidebands

B B Monte Carlo | ~e e.g., b — J/. b— ut

(from data, fitto A¢(J /1), )
to MC shapes for g — bb,
flavor creation and excitation)

e ~740 Bl — J/vYutv, events

e Find relative efficiency

Rproqa = 0.211 4 0.01210-02¢

A8


http://www-cdf.fnal.gov/physics/new/bottom/140228.blessed-Bc-Xsec-8.7fb/plots/pub_bcXsec_8fb.pdf

w Search for X(4140) A\

* B* > J/UpK*: resonance X(4140) = J/Ud
— Standard quark model does not predict a state at this mass
— Decay suggests cc, but mass is above open charm threshold
e Reconstruct B* = J/WpK* (where J/P—>up and p—>KK)

— veto Y(2S) and check for Dfl Run Il, 10.4 fb™" + Data (a)
J/P + K or rstructures 5200 g+ —FullFit

=
— Fit for B* yield in bins o150
of M(J/PKK) - L UN

M(J/YK'K'K*) (GeV)



Search for X(41
. DO Runll, 10.4 fb! +Data (c)
601 — Full Fit

N(B*) / 30 MeV
N
(=]

N
Icl L L

.- X(4140)

Phys. Rev. D 84, 012004 (2014)
40) A\

* Evidence for X(4140)
at 3.1o

X(4330)

M = 4159.0 + 4.3 + 6.6 MeV
I'=19.9+12.6730 MeV

} l } B(BT — X(4140)K )

R
|||||||||||
“““““““
A
A

42 43. 44 45
M(J/yK'K) (GeV)
Status
* First evidence at CDF (Y(4140)) at 3.80
No evidence at Belle yy = J/Ud in but
No evidence at LHCb
Evidence at CMS at >50

BB S TGk — (19 + 7+ )%

higher mass state reported



http://link.aps.org/doi/10.1103/PhysRevD.89.012004

w B Lifetime A

* Test theoretical predictions

— Heavy Quark Expansion: 1(Bs%)/t(B4°) = 1.00 = 0.01
Phys. Rev. D 70, 094031

— ... most recent, Lattice inputs: = 1.001 +£0.002
Lenz review, arXiv:1405.3601

—Need for understanding of complex Bs® mixed system

* Target

— Lifetimes of B4® and B* measured to < 1% precision
at B-factories

— Updating latest D@ measurement (precision 3.7 %)
with full data set (0.4 = 10.4 fb™") !



w B Lifetime A\

* B¢’ lifetime depends on final state! 'L L 17H
.. : . = =2 5
— Am; = Bt — B? Mixing, mass eigenstates... $ 9
— Al =TH =T ... with different lifetimes .
define

— Al = [ CPeven _ [ CP-oddif no CP violation

7(By) =1/T

* Lifetimes
— B> J/WFy(980) Pure CP-odd, Only single lifetime, [s¢P-odd ' H
— B> KT K™ Pure CP-even, [CP-even [.L
— B > Ds v Flavour specific, 50% CP-even, CP-odd at t=0
— B> J/Wod complicated mix of CP-even and -odd,

complex analysis to extract.
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w Bs Reconstruction A

* Reconstruct B<® using Ds~ with
opposite sighed muon.

* Single and dimuon triggers

— No IP based triggers

* Kinematic Requirements
— u*with pt> 1.5 GeV and pwt > 3.0 GeV
— ¢: K*with pr> 1.0 GeV and 1.08 £ m(KK) £ 1.32 GeV

— Ds. m* with pr> 0.7 GeV and 1.6 £ m(¢m) < 2.3 GeV |



A\

B. Reconstruction

BY — D utvX
Ly OT—

Reconstruct a DS_ associated
with a correct-sign muon

s KT K~
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Likelihood ANATER ) \
H [fSig’FSiig + (1 o fsig) éckg} H 'Flz;ckg

1€sig.sample 1E€bckg.sample
e fsgfrom Dsmass fit, FpgMass sidebands and WS signal.

« Lifetime models: convolved exponentials,
cc : Gaussians, combinatorial: multiple exponentials

DO Preliminary
10.4 fb™

For one time epoch

Events / (0.002 cm)

10 4

10—
-0.1-0.050 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04

Pseudo Proper Decay Length (cm)




e fsgfrom Dsmass fit, FpgMass sidebands and WS signal.

« Lifetime models: convolved exponentials,

Events / (0.002 cm)

Likelihood
[fSig‘Fsiig +

11

1€sig.sample

(1 o fsig) éckg}

1E€bckg.sample

11

cc : Gaussians, combinatorial: multiple exponentials

10 4

10—

DO Preliminary
10.4 fb™

For one time epoch

-0.1-0.050 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04

Pseudo Proper Decay Length (cm)

005 GeV/c?)

S 1
10000

¢ 8000
6000
4000 (-~

0
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e Use Bq - D u'vX
peak fit for ratio
R - T( Bso)fs/T(Bdo)




e 6442-CONF

DO Note

w Bs Lifetime
(BY),, = 1.479 £0.010 & 0.021 ps

T (Dg )¢,
R=r(B)), /7 (Bg) =0.964 £ 0.013 & 0.007

A

1 14+ (AL, /2, )

Contours of A(IogL) 0.5 0
E 0257 HFAG r(BYS CPodil ] | 7(Bs)ts = I's 1—(AT's /2T;)?
=1 y/ ° S
Lo o.2o:- / N
< ' e Measurement precision
0.15¢ \ better than previous
; world average
0.10 Comblned 1
[ Theory .
0 _, J/ qb/ K/r) e DO working on
0.05} | 0
V J BY — J /4 f5(980)
o 0 I A(BY SCPeven) Pure CP-odd
0.62 0.66 0.70 0.74
I's[ps”] o Stay tuned!

R Van Kooten



http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B64
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B64

w B* F-B Asymmetry A\

 Forward-backward asymmetry may probe for new physics.

* DO uses B*=>J/WK*to probe asymmetry of b-quarks.

_ n<0 . n>0 n<0 . n>0
b (B) b (B’)

-]

Forv.vard Backward

Nr — Np Forward: b-quark in same direction as proton
NF + NB anti-b  in same direction as anti-proton

AFB —




Events / 5 MeV/c?

103

DO Note 6441-CONF

B* F-B Asymmetry

An unbinned maximum likelihood fit is used to extract the
number of B meson decays in each category.

Unblinded projections: DO Note 6441-CONF

D@ Run II Preliminary

- —— Data

i Signal: o f SS
Bkgd: a f PP
Bkgd: a f TT
Bkgd: o f EE

R

4 :
RN
NN AN
NN
R ALY
R NN
A A AT A,
AARAA

MJ/PK) (GeV/c?)

0.26
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o, E
E 150F —}— Data
o 100¢ — Signal: afSASS
2 50
: ﬂ i
> of
a3
-50
100 aof PAPP
150 aof TATT
af AE
-200 S phe

1 I 1 1 I 1
54 55 5.6
MJ/YK) (GeV/c?)

0.17] %



http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B63/
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B63/

DO Note 6441-CONF

w B* F-B Asymmetry A\
App = [—0.26 +0.41 + 0.17] %
e Comparison with MC@NLO
Anvcanto = [1.63 £0.43 £ X. X X] %

D@ Run II Preliminary D@ Run II Preliminary
~ 15 —~ F
S - S
T [ - [n| bins < A
& 1- 2 1=
< - full sample < F l -1 —1 I
0.5 Ve —
L SRR GRS
- E ‘
o 2F
= e
2 3= :
—0.5: — pT bins
- 4
-1+ £ full sample
-1 5: | | | _6_ | | | | | |
DT 01<m=07  07<mi=12 mi>12 0-7 7-9 9-11 1115 15-20 2030 30+
g | p,(B) (GeV/c)

 Theory systematics to come: different PDFs, renorm. scale. e


http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B63/

CDF Note 11092.

b-jet F-B Asymmetry A

* Possible larger than expected F-B asymmetry in top
events suggests possible hint new physics.

* What about b? 25

20+ '—:—:—:—:—:—:—:—:—:—:—:—:—:‘1EEEEEEE—:EEEEEEEE%

CDF Run II Preliminary [ £ =9.5fb""

* CDF measure Agp

: .. 15} |
in pbar-p collisions. |
10} [
< 5 | | !
* Compared Y A, - [ R -
withNLOSMand | | : |
: ? t NLO SM
Ax|g|uons _10l T T CE=(PRL 111 062003)
151 === Axigluon 200 GeV/c? |
-------- Axigluon 345 GeV /c?
Bt 225 325

bb mass [GeV /c?]


http://www-cdf.fnal.gov/physics/new/top/2014/Afbbpub/cdf11092_AfbbHighMassPub.pdf

w Direct CPV in Ds* > ¢mt* A\

e Motivation:

— Direct CP violation can occur if tree and loop (penguin)
can interfere with different strong and weak phases

— No CP violation is expected in decay Ds* - ¢m*
(all process have same weak phase)

— Non-zero value implies new physics
* Motivation

— Assume zero-CPV in many other analyses:

e.g.: BY = BY = D,uv o(DF)
CPV in mixing Production asymmetry (LHCD)
. NDj _ ND;
e Experimentally measure Ap =

° .ZVD;——I—]\[S—7




Phys. Rev. Lett. 112, 111804 (2014)

w Direct CPV in Ds* - ¢t N\

e Use similar techiques for CP asymmetries as other D@ analyses

+ .
* D — prT Dominant kaon charge Acp = Ap, — Adet — Aphys
Ly KOKO asymmetry ~cancels! small
& 12010° PRL 112, 111804 (2014)
S l)lL . DO, 10.4fb" C\"S’ ] .« DO,10.4fb" B D: > ¢
2 § -DE -0 “i o) i PO 1[/]!] Combinatorial
% 100 %BE : $ i: 0 E 2000y ) D — ¢ n* Background
o (/[ Combinatorial =
0 Background @

80

S

Difference: N (D) — N(D;)

18 2

60

Rebinned: N(D?)-N(D_
(=)

40
1000

=y
o
(=}
(=)

T I l T T T l T T T l T T T l T

2.2
M (¢rc*) [GeV/c?]

Acp = (—0.38 £ 0.26 & 0.08)%

500

. dad

|
’ | |||| | | | I | | | || e Most precise measurement
M () [GeV/c? e Consistent with zero

O
_|_|_[..'_|_|_l
e —

(Data - Fit)/6 MeV/c?

a
[=]
O

-1000=



http://link.aps.org/doi/10.1103/PhysRevLett.112.111804

—0 e
Se o Ba,s \/\7 Bc?s Mix Bd’s —=_ -
e 25
Direct semileptonic Neutral B meson oscillation
decay and then semileptonic decay

e Measure via
Inclusive single muons

A N(uTp™) = N(u p~)  Constrain backg. e () —n(pT)
p— a J—

-¢

N(pTpt)+ N(pp) Reduce syst. () +n(u)
Mostly background

Np(prp™) = No(p™p™)
Ab = Correct for backgrounds, fraction from b's
Ny (ptut) + Ny(pp) 0 ’

e Asymmetry is a linear combination semileptonic charge asymmetries of B} and B

b _ DB = ptX)—T(B - p X)
ASl — Cdasl + CSasl ’ Qg = F(B—>/L+X)+P(B—>,LL_X)




DEJ  Dimuon: 2011 Result )K\

A% = (—0.787 £ 0.172(stat) & 0.093(syst)) %

° -1 -1 w=0. .
9.0 fb™ - 10.4fb & 0-02 % 00,900
 More detailed study of asymmetry - Y %
dependence on impact parameter 0 ) \'

(IP) on each muon

* More detailed study of asymmetry 002!

dependence on muon (pr, n)
 Another cross check using | 68% and 95% C.L. regions

. . are obtained from

independent alternative way to -0.04 | the measurements with

- IP selections
measure background | | .
-0.04 -0.02 0 0&02

« Additional CP-violating process A

included to interpret result PRD 84 052007 (2011)

CPV in interference of decays w/ and w/o mixing & special decay class



w Dimuon Charge Asymmetry )K\

IP Sample EMuon IP (um)
P 000 T More backgrounds due to K->, m—->u which

o AP=2 1 50-120 result in an asymmetry since o(K"N) > o(K*N)
IP=3 120-3000
DG, 104" Blue |
, independent analysis
., AITP e
ay,, TP=1 l —om
., 1P=2 : -I» dCP = draw - ddet
@y, 1P=3 |+
. | - Raw asymmetry
i 1 I 1 1 1 1 I ]
0 0.5 1
Asymmetry (%)

Similar result if bin in (n, pr)
where there are 27 independent bins




% Dimuon Charge Asymmetry )K\

IP Sample EMuon IP (um)
P 0-20.......... T More backgrounds due to K->, m—->u which

o AP=2 1 50-120 result in an asymmetry since o(K"N) > o(K*N)
IP=3 120-3000
DG, 104" Blue DO, 10.4 fb™ (a)
, independent analysis SM
y AUTP +— aep AllTP D
g TP=1 = a IP=1 ————
a,, IP—2 !
| + acp 1P=2 o
@y, 1P=3 |+
: | - Raw asymmetry a., IP=3 -o-‘
' 1 I 1 1 1 1 I ]
0 0.5 1 AR [N TR T N N TN TR TN SN WO SO M '
Asymmetry (%) -0.6 -0.4 -0.2 0
Asymmetry (%

Similar result if bin in (n, pr)
where there are 27 independent bins




Phys. Rev. D 89, 012002 (2014

w Dimuon Charge Asymmetry A\

IP Sample EMuon IP (um)

-1
P=1 0-50 D@3, 104 fb (b) S
M
P=2 ] 50-120 4y AP |
IP=3 120-3000 =

Acp TP P =11 — e |
Acp TP JIP,=12 _I_

Using same sign
dimuons

Acp TP IP,=13 —_— I
Acp=(-0.235 £ 0.064 + 0.055)% | A, P ap,=22 o |_
Acp 1P,,IP,=23 _I—
3.60 deviation from SM
Acp TP IP =33 — I

le(SM)—l—Amt(SM) Illllllllllllll
(=0.84£0.1) x 107* 4+ (—-3.5+0.8) x 10~* 06 04 -02

Asymmetry (%)
PRD 87, 074020 (2013)




Phys. Rev. D 89, 012002 (2014

% Dimuon Charge Asymmetry )K\

* Interpretation & results 992

DO, 104 b
— Fractional mix of Bs and AL/Tq = 0.0042
. _ | (SM, +0.0008) |
Byin each IP bin and ol SM |
Acp proportional to Alg
al) = (—0.82 £ 0.99) %,
ag = (—0.62 £+ 0.43) %, 002" | Standard Model )
AT'y/T 4 = (40.50 £ 1.38) %, | [ DO B'—u' DX |
ps.a =—0.61,  pgar =—0.03, [T p@ B —~u'D; X
ps,ar = + 0.606. -0.04 * Central value from -
dimuon asymmetry
3.00 deviation from SM of three values\—— . . . . . .

20.04 20.02 0 0.02
Result consistent with DO
measurements of as; and ad;




Phys. Rev. D 89, 012002 (2014

w Dimuon Charge Asymmetry A\

* Interpretation & results  -#0.02

' DO, 10.4 b

— Sensitive to Al4/l4 - AL/T4=0.0150
(WA, =0.0180)

— Fix to WA ATg/T4=0.015 o

— Deviation now only 1.90

I

-
<

L

|

Standard Model _—
1 D@ B'-u'DVX ——
| [ pg B—-u'D; X E—

-0.04 - * Central value from :
dimuon asymmetry

0.02[ .

004 002 0
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AT4/Tq

- Profile at (SM) AFd /Fd =0.42%
FJ -
0
- <
SIS
55
B July 2014
2 o Standard Model

B - 68% CL DO Dimuon at SM AI‘d /1“d

B - 95% CL DO Dimuon at SM Ard /Fd

68% CLWA a:I (DO & LHCDb)

68% CL WA a :| (B-factories, DO & BaBar(N))

B - 3D Combination of a °, a’&Ar 1
sl sl d d
I

Semi-Le pto nic CPV WA R —

h_

o 2
. o~ | Profilea
2 ~
= »w » [
2| CU teoes
% B %
s 0 S8
SR 5
s
& & S
kS
2L
= _
July 2014
- [ ] Standard Model
= ] 68% CL DO Dlmuon profile at SM a dl
=4 -4 EEEE 68% CLWAa® (DO & LHCb)
5 i BEE5ES 68% CL WA Al" IT", (B-factories, LHCB)
- 3D Combination’ ofa a &AF /r
1 | 1 1 SERESPLLE) | | 1
0 4 2 -5 0 5
(%) AT /T (%)
sl d d

- -2
s = (—0.92 £ 0.43) %,
ad = (—0.11 £ 0.21) %,

(+1.09 £ 0.93) %,

Ps,d — — 0247

2.80 deviation from SM

pa,ar = +0.23,
x*(comb) = 4.98/3d.0.f.

Ps, AT = +0.48.




w Summary A\

e D@ has a well understood detector & dataset
with well developed analysis techniques.

— small levels of pile-up
— p—anti-p CP symmetric initial state
— regular flipping of magnet polarities

 Still producing results with LHC in niche areas.

A

— new tests of CPV and FB asymmetries

— Leaving Dimuon charge asymmetry puzzle
* New Physics
e |s Al4/Tqthe solution?
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L-Excited B Mesons )\

| CDF B*, B.* ' Orbitally & Radially Excited States

arXiv:1309.5961

m (MeV/c?) I'(MeV/c?)

BY 5726.4 + 0.8 +1.3 +0.4 20+ 2+ 5
BY 5736.6 £ 1.2 £1.2 £0.2 26+ 3 £ 3
Bf 5726 +4 +3 +2 42 £11 £13
By 5737.1 £1.1 £0.9 0.2 17+ 6+ 8
BY, 5828.3 + 0.1 £0.1 +0.4 0.7 £0.3 £ 0.3
BY, 5839.7 £ 0.1 £0.1 = 0.2 2.0 £0.4 £0.2
B(5970)° 5978 = 5 +12

B(5970)* 5961 + 5 +12

o See body of talk for comparison of masses with model predictions




b-Flavored Baryons ...at the Tevatron

L=0 "atomic" system, Phys. Rev. D 89, 072014 (2014)
heavy quark and light diquark

chq:| spin-0: A,
b spin-1: 2, e More statistics, measure
properties with more precis

e pre-Tevatron, only ground state A, J=3/2 b Baryons
J=1/2 b Baryons 3b
2b
1b



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.072014

Two data-sets:

e Decays to J/¢ — u" ™ : provides trigger (w/ no lifetime bias)

— AK Reference modes
Ap/=p /0 — T/ + A/=7 /QT Bt — J/WK™*
Ly Ar B® = J/$pK* /K3

e Decays to c baryons: two-track displaced hadron trigger (lifetime biase
=, 0 = 2/t O — QO

N T(n ) L nt p

e Track long charged decay lengths

= and ) in silicon detector
ct=4.9cm, 2.5cm
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CDF b Baryons Phys. Rev. D 89, 072014 (2014)
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CDF b Baryons

Phys. Rev. D 89, 072014 (2014)

c.f. LHCD (arXiv:1402.6242)

7(Ay) = 1.479 £ 0.009 =+ 0.004 ps

CDF Public Note 11024

WA and comparisons in backups

Final State Mass (MeV/ 02)

Mean Life (ps)

9470.30 =+ 0.28(stat) £ 0.35(syst)
2467.19 + 0.17(stat) 4 0.35(syst)

Ay 5620.14 + 0.31(stat) & 0.40(syst)
== (J/YET) 5794.1 + 2.0(stat) = 0.40(syst)
E07~)  5796.5 4 4.7(stat) & 0.95(syst)
= 5791.6 £+ 5.0(stat) + 0.73(syst)
Q. (J/Y Q™) 6051.4 +4.2(stat) + 0.50(syst)
Q. (2 7)) 6040 + 8(stat) + 2(syst)

ey —
Lo
L—Jb

—

1.565 + 0.035(stat) £ 0.020(syst)

1.36 &+ 0.15(stat) + 0.02(syst)
Only exclusive =, lifetime

1.7710:2 (stat) 4 0.02(syst)
Only €2, lifetime

First evidence of this decay mode (3.3 — 3.60)

[1]

0y — M(2F)=3.114+0.33 £ 0.07MeV

M (
) — M(Z)) =2.5+54+0.6MeV

M (

[1]

b

Isospin splitting (v and d quarks)
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b Baryons

Phys. Rev. D 89, 072014 (2014)

ALEPH A legton
ALEPH A-1l

90-
DELPHI A lel))ton
CDF A le())ton
DF A
(02-06)€

DO A -lepton
(02

D(%’JI/HJ/\

ATLAS J/qI)A
(11)

CMS J/ql)A
(11)

LHCb J/ql)A
(11)

LHCb .J/lng)K

(pr(e:l132Fl )/11)/\

Average

Heavy Flavour
Averaging Group

IIIIIIIIIIIIIIIIIIIIIIIIIIII

|||I|||I|||I|||I|||I|HI|||I

1 11 12 13 14 15 16
T(A,) (ps)

0.130
1.180 " 150

0.260
1.300 "5,

0.240
1.290 "5,

+0.030 ps
+0.040 ps
+0.060 ps
0.190
1.110 " o) =0.050 ps
1.320 +0.150 +0.070 ps

1.401 +0.046 +0.035 ps

+0.120 +0.087
1.290 "y’ 110 0.001PS

1.303 +0.075 +0.035 ps
1.449 +0.036 +0.017 ps
1.503 +0.052 +0.031 ps
1.415 +0.027 +0.006 ps
1.479 +0.009 +0.010 ps
1.565 +0.035 +0.020 ps

1.466 £0.010 ps
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b Baryons Phys. Rev. D 89, 072014 (2014)

ALEPH E-lepton | || . | 13537 +0.16 ps
(90-95)

DELPHI E-lepton || | | | I 1.50 *370 +0.30 ps
(91-93)

DELPHI Z-lepton || . II 1.45 %053 +0.13 ps
(92-95)

CDF J= }_,_‘ 1.36 =0.15 =0.02 ps
(prel, 02-11)
Average 1.37 +0.13 ps
| | I | | | I | | | I | | | I | | | I | | | I | | |

1 12 14 16 18 2 22

Heavy Flavour _
Averaging Group mean t(=,) (ps)
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Backup B Lifetime )K\

B) - D (TvX

1

If fit with a single exponential, measure:

on 1 1+(ATg/2T',)°
T(Bs)ts = T, T-(AT. /2T, )

Difficult to distinguish two exponentials
in a stable fit...




Bs Reconstruction N\

B} —» D, utvX Reconstructa ) associated
L b with a correct-sign muon

%)

18000

‘ DO Preliminary
10.4 fb™

16000
14000
12000
10000

8000

Events / ( 0.005 GeV/c

6000
4000
2000

NN T N U NN U [ Y S [y | I|IIII|IIII|II
1.75 18 185 1.9 1.95 2 205 21 215

ot Invariant Mass (GeV/c?)




w Bs Lifetime Systematics A\

e Decay length resolution
Replace double-Gaussian model with single + exponential tails

Combinatorial Background
Use single samples (each of mass side-bands, wrong-sign)

e K factors
Use different MC, vary composition and relevant lifetimes
within uncertainties

e Non-Combinatorial Background
Vary composition within uncertainties

Detector Alignment
Use different silicon microvertex detector alignment
files with sensors moved within uncertainties

e Signal fraction
Varied within uncertainties from mass fit, different mass models



w Systematics )K\

Uncertainty source BY (um)  BY (um) AR
Resolution Model 0.7 2.1 0.003
Combinatorial Background Model 5.0 4.9 0.001
K-factor determination 1.6 1.3 0.006
Non-Combinatorial Background 2.6 2.0 0.001
Signal Fraction 1.0 1.8 0.002
Alignment of the detector 2.0 2.0 0.000
Total 6.3 6.4 0.007

B, lifetime | D@ Prelim. . 10.4 b B, lifetime

Average Il Stat. Average Fed Stat.
Runlla e Total Runlla —— Total
Runlib1 e Runlib1 ——

Runlib2 e Runlib2 -

Runllb3 e Runllb3 F——

Runllb4 e Runlib4 F——

1 I 11 1 I 11 1 I 11 1 I 11 1 1 I 11 1 I 11 1 I 11 1 I 11 1 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 11 I 11 1 I 11 1 I 11 1 I 11 1
360 380 400 420 440 460 480 500 520 540 360 380 400 420 440 460 480 500 520 540 560
B, lifetime [u m] By lifetime [u m]



w B* F-B Asymmetry )K\

Correlation between parent b-quark and reconstructed B

meson from MC@NLO. About 80% of the time, the B meson
tracks the parent b-quark.

D@ Run II Preliminary
|
gloél_
2
L
-
L
10°E
10 E
P T TR N AN TN N TN SN [N YN TN TN TN N TN TN SN SN (NN TN SN TN WO NN SN T N
-1.5 -1 -0.5 0 0.5 | 1.5
N(b,b quark) - n(reconstructed BY)




w B* F-B Asymmetry A\

BDT Variations 0.14%




+

Determination of the raw asymmetries: D*> ¢mt*

r
\I)L
e
<
J
.e.
3

D>

2,
2,

X
=)
2

- signal

— combinatorial bkg
kg

hysics Letters B 713 (2012) 186—195

+ _ —
§5% 00190 2000 ap= 2P =0Ds) _ 433 9994 0.10)% |08
m(K'K7) [MeV/c?] o(D{) + o (DY) >

2

Candidates / (1.0 MeV/c?)
Candidates / (1.0 MeV/c?)

—
<U
TV

LIS
WEEFTT]TT

Pull
N O

Pull
Abowma

Decay Mode Yield [ %]

D* — K0nF 4834440+ 2555 Asymmetty | Total
D¥ — Ko7 120976+ 692 Ameas” " | =0.95 % 0.05
D* — KVK* 1013516+ 1379 Ameas ™ | 015 % 0.46
DF — KOK* 1476 980 + 2354 meas > [+0.01£0.19
D* — ¢nt 7020160 +£2739 Ao S 4027 £ 0.11
DF — ¢r* 13144900 + 3879 AR o™ | —0.41 £0.05

Angelo Carbone






Additional Source of CPV in Like-Sign Dimuons |

Borissov, Hoeneisen, arXiv:1303.0175v1 [hep-eX],
Understanding the like-sign dimuon charge asymmetry in pp(bar) collisions

B~ BY
L. DY D~
|—> /L_X |—> Iu—i_X

but due to interference between mixing and decay in B system:

B - DtD")#T(B" - D"D") A=— Sm(ZB)

+ xd
mix(SM) = (—0.84+0.1) x 1074
It (SM) = (—3.540.8) x 10~* < additional




Phys. Rev. D 89, 012002 (2014

% Dimuon Charge Asymmetry A\

* Average of all three DO 3002 ————————
: : | DG, 104 fb™
semi-leptonic charge ATT, = 0.0150
asymmetries - (WA, =0.0130) B
0 - iVl _|
a% = (—1.33 4 0.58) %,
a® = (—0.09 +0.29) %, ~
AT, /Ty = (+0.79 + 1.15) %, 0027 gtandard Model *
Ps,d — — 0.34, Pd, AT = +0.24, i =17 BO%M-FD(*)'X
pPs.Ar = + 0.95. | [ p@ B —u'D; X
-0.04| » Central value from .
. . di t
3.10 deviation from SM CITRRENIEER

004 002




PEY  SemileptonicCPVWA )&

* Direct Measurements of a% = (+0.23 + 0.26)%
— Previous B-factory results HFAG arXiv:1207.1158 (-0.05 + 0.56)%

— D@: PRD 86, 072009 (2012) (+0.68 + 0.47)%

— BaBar: PRL 111, 101802 (2013) (+0.06 + 0.38)%
e Direct Measurements of a%;= (+0.50 + 0.52)%

— D@: PRL 110, 011801 (2013) (-1.12 £ 0.76)%

— LHCb: PLB 728C (2014) (-0.06 + 0.63)%

* Direct Measurements of Al4/l4=(-0.4 + 2.0)%

— Previous B-factory results, HFAG, arXiv:1207.1158 (+1.15 + 1.80)%
(Belle, BaBar, [DELPHI])

— LHCb: JHEP04(2014)114 (-4.4 £2.7)%
* Dimuon Charge Asymmetry (see talk)
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Semi-Leptonic CPV WA SNIVERS 1) )\

- Profile at (SM) AFd /Fd =0.42%
o .
B July 2014

— @ Standard Model

B - 68% CL DO Dimuon at SM AI‘d /1“d

B - 95% CL DO Dimuon at SM Ard /Fd

8% CLWA a: (DO & LHCb)

8% CL WA a :| (B-factories, DO & BaBar(N))

B - 3D Combination of a °, a’&Ar 1
sl sl d d
I

A~ 2
- 5 .
5~ L Profilea

| h
=4 w oI :
o CU ooees K
% B o

S 0 S

KRS KL

RRRIKEK
&3 X BRI
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§ B 0
July 2014
20 B [ ) Standard Model
82 ) 68% CL DO Dimuon profile at SM a d.
=4 -4 ] 68% CLWAa® (DO & LHCh)
5 i 68% CL WA Al" T, (B-factories, LHCB)
BR I 3D Combination’ ofa a &AF /r
| ! | ! 2 SERRPEE] | | |

4 2
S =(—0.92+0.43) %,
4 =(—0.1140.21) %,

a

a

ATl'y/Tq = (+1.09 £ 0.93) %,

see backup for inputs

sl

-5 0

2 5
® (%) AFd T (%)

psa=—024, pgar=-+023, psar =+0.48.

x> (comb) = 4.98/3d.0.f.

2.80 deviation from SM




