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About the D@ Detector

e One of two general purpose detectors on
the Tevatron, ppbar collider

¢ Collected data at 1.96 TeV, 2002 - 2011
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e 10.4 fb1int. lum.

™ i~ e
¢ 700,000 channel silicon microstrip tracker ‘;:E 1’;’1
SN N
e 100,000 channel scintilating fibre tracker _ \\S §§§
AN\ 5
* 50,000 channel U/liquid Ar calorimeter ‘\“:\“;g,‘\
e 70,000 channel muon system ';K':“ *

e Fast triggering, good cosmic ray rejection,
low punch through, low pt muon detection
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arxiv.org:1204.5/23 (submitted to PRD) w

BY — J/4 f,(1525)

S

e Using full 10.4 fb-! dataset
By — JJWKYK™, J/ip — ptp~

° e Determination of decay identity

, D@ Run II, 10.4 fb” (a)

e fo(1500) or f2(1525)7?

300 e Major peaking background K* =0 2(1430)

—
o)

c
2002 ° Investigate spin state
Z

M(K*K_'z (GeV)
o

e J=7
1.4 -1100
¢ Relative branching ratio:
LI e
2.2 2.4 2.6 >.8 e requires signal yield and reconstruction

M(u*wK*K) (GeV i i
(' ) (GeV) efficiencies of two channels with

common Br terms

e Use B% — J/Yod
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O D&
B — J/vf5(1525)

5 with f2signal

* Determination of decay identity ) P = 0.338
-, 800FDZ Run I, 10.4 fb" + pata (a)
e K*j=02(1430) = K=rr™ distribution changes 2 * — Eull Fit
. L 600
with M(K*K") range = .. Signal
e fo(1500) and f’(1525) have very different Br to 24000, N K,(1430)
K*K- (f2 pref.) and rr*rr (fo pref. Sl N Bk
(f2 pref.) 1T (fo pref.) 3200_ ,,,,,,,,,,, g
e No significant Bs signal in M(rr*r) channel oL’ o e
' fo h thesi 5.2 5.4 . 5.8
discards fo hypothesis MOCCKK) (Gev)
- D@ Run I, 10.4 fb™ 800FDZ Run 11, 10.4 fb™ (b)
n 0’00“0 0’.‘“. % : ¢ -
e = 600l y without £
& P =4.5x107
3001,
o C N iy
c Y
$200F TN
w i S e, ..°'o
ol e
5.2 5.4 5.6 5.8

M(u*wK'K) (GeV)
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e Spin state

¢ Find signal yield per U region

o @ingle state pref: J =2

and J=2 gives better fit
-

~

¢| Coherent superposition of J=0

J

e J=0 and J=1 disfavored

Events /0.2

BY — J/4 f,(1525)

o
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o |BA 7Y™ (cos O, pp W™ (— cosp, 0)]2D(Q)
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O D&
B — J/vf5(1525)

S

B — J/vo
e Relative branching ratio requires signal yield >2000:- DG Run "’010'4 fb” } Data
and reconstruction efficiencies of two channels § : |
with common Br terms o 1°00F — Full Fit
~N .
e Use BY% — J/Ypod 1000 wSignal
2 -
, ® 500f
N(J/v¥f5(1525)) = 578 4+ 100 (1] N/ I VI Bkg
of

52 54 56 58
M WK K) (GeV)

N(J/v¢) = 3790 + 78

4 (DO Runll,10.4fb" + Data
Ryt — BT(BS — J/1 f5(1525)) = 400 — Full Fit
O BB = J/9) - S
. = 0.22 £ 0.05 (stat) = 0.04 (syst), % . o
S O
Consistent with LHCb result D _F+1 0 /
[PRL 108 151801 (2012)] “200F st f‘J‘/i‘bf:Q(.w.Q?)
Ry s = 0.264 £ 0.027 (stat) £ 0.024 (syst) L MzkﬁK-) ( Ge\1/.)8 2
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arxiv.org:1204.2340 [PRD 85 112003 (2012)] w

Ay lifetime (Ap — J/1Ag)

e Heavy quark effective theory (HQET) predicts
lifetime ratios of strong decays

A, lifetime

PDG (2011) —o—|

CDF (2011, 4.3 fb™"), JipA e

e NLO HQET prediction: t(/\%)/t(B° = 0.88 + 0.05 (¥
CDF (2010, 1.1 fb™"), Al

e CDF: T(A\%)/T(B%) = 1.020 + 0.030 + 0.008 (**)

DO (2007, 1.2 fb™), JApA : °
¢ Previous DO result:

DO (2007, 1.3 fb™"), AluvX : o

T(A\%)/T(B) = 0.81171)035 4 0.034

DELPHI (1999), A I + AI'T

OPAL (1998), A I + AI'T

e CDF result is 2.20 above W.A.

ALEPH (1998), A_I' + AI'T ——
i -1
* This updates DG measurement from 1.2fb™" to CDF (1996, Run ) AT .
10.4 fb
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIIIIII
* C.Tarantino, Nucl. Phys. B, Proc. Suppl. 156, 33 (2006) 150 200 250 300 350 400 450 500

wm

**T. Aaltonen et al. Phys. Rev. Lett. 106, 121804 (2011)
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Ay lifetime (Ay — J/9PAp)

0 o  7r/xvnA. W=
T(Ab) from Ab — J/\IJA() % 500 — Data
% : —g_ataflit
- » ! - - - Signal ‘
T(BO) fI'OIIl BO — J/\IJKS 2 400~ : -ggmg;ga:gg;"
8 : 3 H + + structedbhacﬂrrorjs
e where % 300:# i 7 AL 'I:% +_,_ ..+1
+,,— 200}
J/V — p" S = A9 — J/WAO
AO — p’ﬂ-_ 100;’
0 +, _— Y S
KS — (b) D@, 10.4 b
% ko —— Data
. . > - 4 — Data fit
e B candidate mass cut removes partially 3 12000 (oSl
. N E omobinatoria
reconstructed background region 3 100 B Partially recon-
Q " structed b hadrons
o 8001
¢ Unbinned max likelihood mass and % e AR
. . . 600 sy I ‘
lifetime fit for each channel § | 2 : s
400 i
o N(A%) =755 + 49 ook ;L BY— J/UK]
i N(BO) = 5671 £ 126 89 5 51 52 53 54 55 56 57

Mass (J/y K2) [GeV/c?]

Anthony Ross - Fourth Workshop on Theory, Phenomenology and Experiments in Flavour Physics, Capri 2012 9




Ay lifetime (Ap — J/1Ag)

(a) D@, 104"
g s - Data
7(A?) = 1.303 £ 0.075 (stat.) £ 0.035 (syst.) ps )& " Background
7(B°%) = 1.508 4 0.025 (stat.) +0.043 (syst.) ps |2 ol
(7(A9)/7(B°) = 0.864 & 0.052 (stat.) £ 0.033 (syst.) |
e HQET prediction t(A\%)/t(BY) = 0.88 + 0.05 15 01 L-E).[os“;o"‘6.05“'0.1'“0.1153“()_.2( 0.251[' o].3
A(Jy A7) [cm
e CDF result T(\%)/t(B° = 1.02 + 0.03 Rl '
< E i~ Data
e World Average T(\%)/t(B°) = 1.00 = 0.06 (*) ?é oL Sl
e DO result agrees with HQE, is compatible with
W.A., but is 2.20 from CDF E

A [ AA' L ] - l - ! AR L l AL L l 2'28 AL l AL :
-6.15 -0.1 -0.05 0 005 01 015 02 025 03
A (Jy K2) [cm]

* K. Nakamura et al. (PDG), J. Phys. G 37, 075021 (2010)
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arxiv.org:1203.6034 (Submitted to PRD)

Narrow state decaying to Y(1S) + ~

¢ |nvestigation of the observation by
ATLAS [PRL 108 152001 (2012)
arXiv.org:1112.5154]

< 220F L B L B B B
= 200;— NLAS e Data:Y(1S)y —— FittoT(1S)y _;
& 180 :—JLdt =42 ,.“ 4 Data:T(2S)y —— FittoY(2S)y =
= Y N Background to Y(1S)y =
; 160F" Background to Y'(2S)y E
D - N e -
= 120E Converted Photons 3
c - -
8 100;— —;
3 80p =
% 60F | -4 E
;gf_ Vo + AVIETIN 5
:_ o L A _:
06 AR BRI RPN ON 1) vl BT B

9.6 9.8 10.0 10.2 104 106 10.8

M uy)-mu p)+m, o [Gev]
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arxiv.org:1203.6034 (Submitted to PRD)

Narrow state decaying to Y(1S) + ~

¢ |nvestigation of the observation by

ATLAS [PRL 108 152001 (2012) , . 50x103
arXiv.org:1112.5154] S f po. 13 b e Data
245) 2,1. — Total Fit
e We reconstruct Y to dimuon + gamma =
t . y 240
o ee using 1.3 fb 0
035
—5_DO,13fb" =
E F 230
T4t i
> E
3k 25
2 o 20
: 4 15
P s P ';(,-\\
—2 E’ Y ‘ 3 ; : .f_j{;f‘ 5 "_-'." '\‘,--,y
4{)/ . 74 66-;(3.&11(11(1&1;68 &85 9 95 10 105 i1 115 12
I i, O oo e m, [GeV/e’]
-5 -4 -3 -2 -1 0 1 2 3 4 5
x [cm]
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Narrow state decaying to Y(1S) + ~

e Xb(1P,2P) observed consisted with W.A.
e BG modelled by event mixing
e A third state can be fitted

e This analysis can not determine if it is a new Xp
state or an exotic b state

e 65 + 11 events in third peak

4 N
~ 45
2" Do, 131" * Data
40" — Full fit
= - ” ------ Bkg only
§ssh ...... xb(1 p)
a | | 1,,(2P)
=30/ New state
> .
Wos!
: l ’ + 1 L ]
20+ HE ‘ l ¢ e J
- : '_ . | . 3 | o o
S it I Y A A
150 [/t : | L T
10} (um) M ()
5 -" J —I—m(T(lS))
- . '. . " |
%. 105 T 11.5
M, - M, +m, (1s) [GeV/c?] J

e
llllll]lllllllllllllllllllllllllllllllllllll

M (puprry) — M (pps) 222 samesion

* Data

- =+ Mixed events

M, - M, [GeVic?]
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Narrow state decaying to Y(1S) + ~

DO M(X) = 10.551 4 0.014(stat) + 0.016(syst)GeV /c?
ATLAS M(X) = 10.530 4 0.005(stat) % 0.009(syst)GeV /c”
e Further studies are being performed v F g 131 + Data
a0 Full fit
e More data to be used ="l | S Bkg only
Bas % (1P)
. . 35 )
¢ Branching ratios? o F I I - %,(2P)
e Spin structure? 0“‘530? New state
! ¢ n
w .......................... .\}‘”25:—
e # states? Xb =10.53-10.55GeV [ ¢
Y35 20 l SRIRMIEI
Kwong, Rosner x>(2P) 1sF et "‘ e
Phys.Rev.D38:279,1988 Y'(25) . R { H 1 |
m(p(3P)) = 10.520 GeV (1P 105 i | T
Tornqvist - *
Phys.Lett.B590:209-2 15,2004 r(ls) 55 65 1 1 events
m(BB) ~ 10545GeV 1= 07 1v 27 glod '”1'*0’ IR PN

M, - M, +m g [GeV/c?]
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arxiv.org:1106.6308 PRD 84 052007 (2011) w

Anomalous like-sign dimuon asymmetry

Y ut
BO EO BO
=
pt X
++ ——
Abl — Nb Y
TN N AT
— Cdagll + CSCL::Z where agl — A]qu tan ¢q
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Anomalous like-sign dimuon asymmetry

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

ad — (—012 1 052)%7 =g 0.02

sl
agl — (—1.81 T 1.06)%.
0
e 3.90 deviation from SM
expectations
e Two time-integrated flavour
specific studies are being ~0.0Z
conducted to extract ass and ady
e |ndependent and complimentary
to APg + IP studies -0.04

68% and 95% C.L. regions

are obtained from 9(35]94"
the measurements with g
IP selections
-0.04 -0.02 0 0(.102
aq)
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Semi-leptonic charge asymmetry a:,

assi is the time-integrated semi-leptonic charge asymmetry

CDF uu
(Run I)

DO uu
9.0 fb™")

D0 D uX(tagged)
(57

Average

Heavy Flavour
Averaging Group

a®;(S.M.) = (2.06 £ 0.57) x 10~°
as; (DO prev.) = [—1.7 -

el
——

004 -002 0 002 0.4
Asr(By)

0.1489
0.1048 £0.2832 " oo
-0.0178 £0.0042 +0.0085

0.0014
-0.0017 £0.0091 *

-0.0095 +0.0066

(arXiv:1102.4274)
A.Lenz & U. Nierste, JHEPO6 072 (2007)

-9.1753] x 107°
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Semi-leptonic charge asymmetry a:,

. _T(B.— B ptX)~T(BY B, -y X)
sl — — —
k (B, — BY — ptX) +T(BY — B, — poX)
as, — Araw - Abackground A _ N(,M_I_) — N(,u_)
" J B (0sc) N(pt)+ N(p~)

e Use the lepton charge to tell between B% and anti-BY% at decay

® Abackground IS comprised of A, and Awack: muon and charged track reconstruction
efficiency asymmetries.

* faos(0sc), the fraction of candidates that originated from an oscillated B%, is a
dilution factor.
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Semi-leptonic charge asymmetry a:,

e Residual first order detector asymmetries:
¢ reco efficiency may be asymmetric between positive and negative tracks

e The DA detector’s solenoidal and toroidal magnet systems regularly had their
polarities independently reversed

¢ \Weight each event per toroid-solenoid polarity combination - contribution from
each combination equal

e acceptance becomes equal

Toroid polarity reversal

4 )
N «—
min < ut < -
w p—
) N —  Tracking [
g y=C \®)B Layer X'B
* w. . IS the weight for toroid,solenoid, [ 2 - \ I
polarity - | B+
> -

e N from event counting or fitting

4 4
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Preliminary w

Semi-leptonic charge asymmetry a:,

difference
s AbaCkgrOU—nd N%J, DO Preliminary
Agp = == 00 ’ | 10.4 fb”
fBg(osc) % } ) I” 4 ) }
A _N@H-N@) = °| | | |' i Bt
raw _|_ . 8’
B D-ptx VNG e ]

— Signal Fit

D s ¢7T e g M (o) [GeV/c?
— x10° Sum
d— KTK '

DO Preliminary
e Non-lifetime biasing cuts + LLR determinant 10.4 fb’

B, - u' D, v (weighted)

w
o

N(D )= 203513 + 1337
N(D) = 47965 + 1173

—— Signal Fit

N(u*D:)/6 MeV/c?

N
o

¢ Blinded sensitivity tests performed N—

e Sum and difference fitted simultaneously

10

e F(sum) = FSi9(D*s) + FS9(D*) + Fook

1.8 2 2.2 ,_
M (on) [GeVic?

o F(diff) = ArawFS9(D*s) + Ap+FS9(D*)+ApckFoekK
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Semi-leptonic charge asymmetry a:,

as, — Araw Abackground

o fBg (osc)

* Abackground from muon, pion/additional track reconstruction efficiencies
® These were extracted by data driven dedicated studies

* Amuon €xtracted from data using tag and probe study, J/y

e Convolute Amuon With muon pr

e From MC study of detector - pion track reco asymmetry found to be very small and
positive, to effect of < 0.05%

e This is accounted as systematic uncertainty (0.05%)
e g(pi) = -g(mu), any remaining tracking asymmetry cancelled to first order

e Background correction. Avackground = [0.11 + 0.03(stat) + 0.05(syst)] %.
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Semi-leptonic charge asymmetry a:,

e Only oscillated Bs contribute to as

e Determine fraction of muDs events that come from
Bs using simulated events

I S Araw _ Abackground
* Used latest oscillation frequency from LHCb and A, = —

world averages f BY(osc)

 (AMs =17.69 + 0.08 ps!, AMqg = 0.507 = 0.004 ps)

e Correct for fraction of prompt Ds production P(BO EO) 1 [ cos(AM; - t) _
— = — —
e Contamination from Bq negligible 2| cosh(AL -t)_
e (AaSs = 0.005% effect if a% ~ 1%) P(BY — F?l) _ 2|1 cos(AM, - t)

- cosh(ATl'y-t)
e {B%=0.465 + 0.017
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Semi-leptonic charge asymmetry a:,

sl

[a‘s = [-1.08 £ 0.72 (stat.) = 0.16 (syst.)] %j

(,,c—,,0.0Z;;_z,:,_'_ | I ! I [ e |t I ‘ I

e Consistent with both SM prediction - > DO Preliminaty

and anomalous dimuon results N

e Most precise single measurement
of aSy to date

‘e Combination with anomalous
dimuon asymmetry:

-0.02 .t\ =N
® g% = (-1 25 + 055) % - | ?i;_};;{:;;;«

] DO a;, (this result) = S
® g9 = (-040 + 031) % ] World Average a° ~
A(IP_ )68% C.L. Eee] e
. * 3.4 standard deviation from SM =04 AP ;) 68% C.L.
B Combination
= Standard Model [ L A |

-0.04 -0.02 0 0.02
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Summary
BY — J /4 f5(1525)

e DO confirms channel, measured relative Br, investigates spin state

Ay lifetime (Ap — J/YAp)

e Updated lifetime measurement, agrees with HQE, disagrees with CDF

Narrow state decaying to Y(1S) +

e Decay confirmed, mass consistent with LHCb results

Time-integrated Semi-leptonic charge asymmetry a;
¢ Updated measurement, single most precise extraction of this value

and there is still much more to come from DQ!
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SACKUP
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: : J/e
C P — violating phase ¢
e Standard model predication (M. Bona et al., JHEP 10 081 2006)
61/ = —gg5H

= 2arg|— Vi Vi / Ve Vo]
— —(0.038 = 0.002

e CP violating phase in b — cCs

e New phenomena may alter phase

e Extract phase from time dependant

amplitudes ‘ "
. ¢ rest frame
Ai = F(O)[EL(t) £ e*PE_(t)]a
A = F)[£EL(t) + e 2P E_(t)]a; K+
o—Tst/2 S
F<t) — “feeccccccccccncaay = -\
/TH + 7+ cos2Bs(TL — TH) Jhy o
E, = %[e(_ﬁrs HEFE)E | (TR )t] K-
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C P — violating phase ¢? /e

e Using 8 fb! of B% — J/Yd, J/p =ty , ¢ 2 KK

e Boosted Decision Tree for background suppression (simple cuts method also used)
e Opposite sign flavour tagging

e Oscillation frequency AMs= 17.77 + 0.12 ps™' fixed

e 5598 + 113 events from BDT sample, 5050 + 105 from simple cuts

S B0 a DO Runl, 8 fb™ a '
w e | un i, 8 fb’ DO Run Il 8 fb’
M 1600 DO Runll, 8 b ‘cg 10 : 2
= 8 10°: |
2 10° = .'
o : /m\ !
S z 10%:]
2 10% -
Z >
o E :
10}; we
1; ! 1§ |
. 10 - 0.2 04 06
Proper Decay Time (ps) o(t) ps
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C'P — violating phase ¢SJ/ Yo

= _ 1449+0.038 ~0.4r
Ts = 1.4437¢ 035 Ps; o DO Run I, 8 fb* AM, =17.77 £ 0.12 ps™"
AT, = 0.16319:065 ho—1 @ 03F SM p-value = 29.8%
. %"’ 0.2;_
A2 — -~ 0+0.017 0'1;_
b U’ = 0.998 ¢ 919 0F
9 +0.024 ~ "
"lH‘ = 0231 —0.030: —0.19 _gzof’gt
()H = 3191022 -0.2 ; —_95% CL
cos(6L —8;) = =0.11155:. 0.3F
Ho = (17530036, —0.4_-:'; S '_2' _; ' 6 ' 1' .I'Z :';

e p-value for Standard Model (ps”¥®, Al's) = (-0.038,0.087ps ") = 29.8 %
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BY) — J/vf5(1525

D@, MC
1.40<M(K'K)<1.45 Gev | 800F 1 55<M(K’K)<1.60 GeV F 1.70<M(K'K)<1.75 GeV
100f 600 2001

> | , |

g 400 :

< s0f 100}

N ‘ 200

= ’ N

5.4 5.6 5.8 202 5.4 5.6 5.8
M WK'K) (GeV)
FIG. 4: Invariant mass of B mesons from the simulated decay B" — J/¢K3(1430), K3(1430) — K=", where the pion is

assigned the kaon mass, for a sampling of different M{K ™K ) ranges. The distributions are fitted with a sum of two Gaussian
functions with free masses, widths, and normalizations.

°°; 1.4o<MrK*K‘)<1.45 GeV | 100F 1.55<M(K'K)<1.60 GeV i 1.7o<M(r‘K')<1.75 GeV
60} 60; |

40} *
20}

)

057 56 58 22

40f |
20}

50}

N /20 MeV

¢

58 52 54 56 58

Ry W—
M(LwK'K) (GeV)

FIG. 5: Invariant mass of B” mesons from the simulated decay B" — J/¢:K;(1430), K;(1430) — K"« ", where the pion is
assigned the kaon mass, for a sampling of different M{K " K ) ranges. The distributions are fitted with a sum of two Gaussian
functions with free masses, widths, and relative normalizations.
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BY — J /4 f3(1525)

D@ Run I, 10.4 fb™"

> 40 0[_1.35<M(K K)<1.40 GeV 40 °L1.40<M(K K)<1.45 GeV 40 0L1.45<M(K K)<1.50 GeV 0 06 . D@, MC
= ’ [ [ @
I (&)
= . - b 4t
3 200} 444 200;' e 2001 80 04 ”'H'HrL it
|- R S SRR &
g ool e of <L e ] o e §oor
5.2 5.4 5.6 58 5.2 5.4 5.6 58 5.2 5.4 5.6 5.8
> 40 0[_1.50<I:A(K K)<1.55 GeV pn o[_1.55<M(K K)<1.60 GeV 400[_1.60<M(K K)<1.65 GeV
o
o~ [+
- 200 2001 200k+ ,
ﬁ . . 3 . ‘. - i s
@ . / etee i e Ll . - T
woo — or _ or — .
5.2 5.4 5.6 58 5.2 5.4 5.6 58 5.2 5.4 5.6 5.8
> 400[_1.65<M(K K)<1.70 GeV 400[_1.70<M(K K)<1.75 GeV 400[_1.75<M(K K)<1.80 GeV
2 9 -
o
=4 .
B 200}, 200, 2oo-‘ . 0 s -
C M . 3 Mo i .M ¢
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O Do
B — J/vf5(1525)

S

TABLE I: Sources of systematic relative uncertainty on Ry, /4.

Source Uncertainty (%)
K (1430) width 5
K3 (1430) template 7
Combinatorial background shape 10
Signal shape 12
Trigger efficiency 3

M (K" K™) dependence of efficiency

Helicity dependence of efficiency 3
f2(1525) mass 3
f2(1525) natural width 1
Total 18
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TABLE I: Summary of systematic uncertainties on the mea-
surements of c7(AY) and cr(B"), and on their ratio. Individ-

ual uncertainties are combined in quadrature to obtain the
total uncertainties.

Ay lifetime (Ap — J/1Ag)

Source Ay (pm) B° (um) Ratio
Mass model 2.2 6.4 0.008
Proper decay length model 7.8 3.7 0.024
Proper decay length uncertainty 2.9 8.9 0.020
Partially reconstructed b hadrons 2.7 1.3 0.008
BY — J/YK? = 0.4  0.001
Alignment 5.4 5.4 0.002
Total 10.4 12.9  0.033
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Ay lifetime (Ay — J/9PAp)

A, lifetime

ean UNOTTICIAL
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10.4 b
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Semi-leptonic charge

asymmetry a.;

Model

Like-Sign Dimuon

First half of data taking
Second half of data taking
pT(u) <49 GeV

pT(g.l) > 4.9 GeV

40< (<57

In]|<1.0
In|>1.0
n=>0

DO Preliminary

n<o

Magnets Same Sign

Magnets Opposite Sign
Y al >0.5

| | |

|

| | | |

-2

Cross checks

1

Corrected Asymmetry %
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Semi-leptonic charge asymmetry a:,

D@ preliminary

DO D_(5fb7)

Al DO uu (9 fb™)

DO D_(10.4 fb)

as = (-1.25 = 0.55)%

1 I | J 1
-0.04 -0.02 0 0.02 0.04
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Semi-leptonic charge asymmetry a:,

Simulated Spectra A=-1%, 10.4 fb™, Trial 72
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