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TevaTrRON DATA

DO continues a rich physics program analyzing ~10fb* of recorded
data from ~2001-2011

« World's highest energy p-p data set (2 TeV C.O.M.)
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THE DO DETECTOR
L —
Multipurpose, large acceptance, well understood detector.

Tracking & Muon System

in=0 n=1,
« Scintillator counters and " —
drift tubes T e e ]
» Thick calorimeter and iron : |_ “ =2,
toroids - ‘ / \ H _____________ ..
Excellent muon triggering - S e i
and ID P—

« Silicon Microstrip Tracker
Excellent vertex resolution

» Central Fiber Tracker | | | | |

Ol

Good mass resolution o _5 . 5 10

Excellent for B physics with muons
S
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w arXiv:1603.01302 [hep-ex]

Bs CP-opp LIFETIME IN BS=J/yf,
L

Measure the purely CP-odd
eigenstate decay:

J/p: gPC =1~
f0(980) : jPC¢ = ot

In absence of CP-violation, B) = p|B% +q|B%
mass and CP eigenstates coincide ‘B§H> _ p|BY — ¢ |BY)

=> |ifetime measurement provides a measurement of the decay
width of the heavy mass eigenstate.

Only two previous measurements:

—CDF :  ct=(510+36 £9) um PRD 84, 052012 (2011)
—LHCb: ct=(510+12 +8) um PRL 109, 152002 (2012)
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w arXiv:1603.01302 [hep-ex]

Bs CP-opb LIFETIME IN Bs=J/yf,
]
Based on full Run2 data set of 10.4 fb* of integrated luminosity

Yields 6,031 events after data selection requirements

% 400F-
S % % DO, 10.4 fb™
S 350% ¢ * 5.1 GeV < M(Bs) < 5.8 GeV
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2005 f $ . pT(Bs) > 6.0 GeV
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w arXiv:1603.01302 [hep-eX]

Bs CP-oDD LIFETIME IN BS=J/if,
L ————

Backgrounds ot
= 400

1) Cross-feed contamination 3 DO, 104 fb" ... Signal a)
from B(s) ~ /W + X " oo
Gaussian model verified in < 300 } - .-+ B" contamination
MC E 2502—

2) Misreconstructed B+ 200"

decays B+ — J/W K+ 150

(+ extra track). 100F-

Use events in B+ mass o

peak, assigning 1T mass T T T =iy
to determine shape I T T 8

Invariant Mass Bg(um'nﬂt') [GeV/c?]

3) Combinatorial background: Random combinations of J/W¥Y w/ addtl’
tracks, modeled by exponential distribution

e
|

Pz
!““I! Bob Hirosky, UNIVERSITY of VIRGINIA DIS  27Apr, 2015


http://arxiv.org/abs/1603.01302

arXiv:1603.01302 [hep-€eX]

Bs CP-opp LIFETIME IN BS=J/yf,
s ——

Lifetime is measured using a simultaneous
unbinned maximum likelihood fit to the mass
and proper decay length distributions.

N
L= H [Nsig
j=1

J
fsig

+ Ncombfg

O

b T Nxff;zf + Np+ .7::23+]

The functions #include PDFs that model
distributions of the mass, the proper transverse
decay length, and the uncertainty on the proper
decay length for signal and background.

Events / ( 20 MeV/c?)

®
o

Fit Result ct(BsO) =504 £ 42 pm
After bias correction: ct (Bs0 ) =508 * 42 ym

Bob Hirosky, UNIVERSITY of VIRGINIA
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w arXiv:1603.01302 [hep-ex]

Bs CP-opp LIFETIME IN BS=J/yf,

e
: Source Variation (um)
SyStem_atl_C Alignment 5.4
uncertainties 7T~ invariant mass window 8.0
Fit bias 4.4
Distribution models 12.5
Total 16.4

Results:
ct (B.°) =508 * 42 (stat) £ 16 (syst) um

T(B.°)=1.70 £ 0.14 (stat) + 0.05 (syst) ps
[, =0.59 + 0.05 (stat) £ 0.02 (syst) ps™

» Good agreement with previous measurements (HFAG mean 1=1.656 + 0.033)

* Provides an independent confirmation of the longer lifetime for the CP-odd
eigenstate of the B ° /B_° system.
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FORWARD-BACKWARD ASYMMETRIES OF
/\ = AND Q IN PP COLLISIONS AT Vs = 1.96 TeV

The D@ detector is well suited to measure forward-backward
asymmetries A__:

o initial state i1s pp (CP symmetric)

* the solenoid and toroid magnetic fields are reversed periodically
(canceling many important systematics)

Search for Violation of CPT and Lorentz invariance in BOs meson oscillations

Measurement of the direct CP-violating parameter ACP(D+ — K-Tt+11+)

Measurement of the direct CP-violating charge asymmetry in Dst - @Ti+

Study of CP-violating charge asymmetries of single muons and like-sign dimuons in pp collisions

Phys. Rev. Lett. 115, 161601 (2015)
Phys. Rev. D 90, 111102(R) (2014)
Phys. Rev. Lett. 112, 111804 (2014)
Phys. Rev. D 89, 012002 (2014)

For many measurements, no other experiment has comparable sensitivity

<0 . > ()
— Np+Np
P ; (directions reversed
backward forward for antiparticles)
A
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w Phys. Rev. D93, 032002 (2016)

FORW ARD-BACKWARD ASYMMETRY OF (/A /)

L ——————

lllustrates common method used in these analyses

e “Forward™:
Forward A have longitudinal momentum in the p direction
Forward A have longitudinal momentum in the p direction

Np—Npg

» Forward-backward asymmetry inabin of |y|: A, = NeFNp

# of reconstructed A plus A or K with pT > 2.0 GeV in each data set

Data set Number of events

(i) pp — A(A)X 5.85 x 10°

Data set Signal (ii) pp — J/WA(A)X 2.50 x 10°
(iii) pp — pTA(A)X 1.15 x 107

Control channel (i) pp = KsX 2.33 x 10°

(ii) pp — J/szsX 6.55 x 10°

C—— (iii) pp — pTKsX 5.34 x 107

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 26May, 2016 10



Phys. Rev. D93, 032002 (2016)

FORW ARD-BACKWARD ASYMMETRY OF (/A /)

——————

lllustrates common method used in these analyses

e “Forward”:

Forward A have longitudinal momentum in the p direction
Forward A have longitudinal momentum in the p direction

» Forward-backward asymmetry
In a bin of |y|: N — Np=Np

Example of invariant mass of
N\ — p1t- candidates

Bob Hirosky, UNIVERSITY of VIRGINIA

entries

DO, 10.4 fb™', preliminary

AP — pl7r_

- 40000
30000 -
20000 -

10000

1.08 1.1 1.12 1.14 1.16
M(p 7)) [GeV]
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DS

FORW ARD-BACKWARD ASYMMETRY OF (/A /\)
L ——

« Count A and A candidates in a signal region and subtract
background determined from two sidebands.

« Weighting data by luminosity and magnet polarities cancels detector

geometric effects. o od et
* The double difference*
/ . NF(/\)_NB(A)+NF(/_\)_NB(/_\) 20000 -

B Np(A) + Ng(A) + Np(A) + Ng(A)

10000 -

cancels 1% order contributions of two detector effects: =

108 LI L2 1i4 1Lie

A, : relative difference of efficiencies for Aand A, and e o Gev
A, - relative difference of efficiencies of the north and south
sections of the D@ detector (the p beam propagates north).

*primed guantities are “raw” asymmetries
R

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 26May, 2016 12



w Phys. Rev. D93, 032002 (2016)

FORW ARD-BACKWARD ASYMMETRY OF (/A /)
L ————

* The control channel pp - K. X has A__ = 0 (see figure) because
K, — T+71— do not distinguish their parent K° or K°. Verify no
additional corrections to needed arising from north-south asymmetries.

|
Asymmetry A__ of (A, A) with ~ *% @ DO, 1041 +
pT > 2.0 GeV for - )
pp - A(A)X events, 0oal | +
and | T
control sample with K | e e
T 1
— _¥_
0 0.5 T 1.5 2
A lyl
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Phys. Rev. D93, 032002 (2016)

FORW ARD-BACKWARD ASYMMETRY OF (/A /)

L ——————

The measurement of A__ in pp collisions can be compared with

the A/A production ratio f measured
by a wide range of proton
scattering experiments:
f=1-A_)1+A_,)

This production ratio f is confirmed
to be approximately a universal
function of the “rapidity loss” Y, ~ Y,

that does not depend significantly
on the total center of mass energy
Vs, or target p, p, Be or Pb

Bob Hirosky, UNIVERSITY of VIRGINIA

A/A production ratio
[y

NN production ratio vs “rapidity loss” yp -y
for pZ - A(A)X

DG, 10.4 b
|

|
kil

i

|

+ 0 ALICE, pp, Vs=7 TeV
B = ALICE, pp, Vs=2.76 TeV
I o ALICE, pp, Vs=0.9 TeV

A ATLAS, pp, Vs=7 TeV

| s ATLAS, pp, Vs=0.9 TeV

0.5 | * D@, pp, \s=1.96 TeV

o STAR, pp, Vs=0.2 TeV

3 ES, p Be, Vs=0.024 TeV
P * ES, p Pb, Vs=0.024 TeV
Y 5 10 15
Rapidity loss Ay = Yp-¥
HQL 26May, 2016 14



FORW ARD-BACKWARD ASYMMETRY OF (/A /)

——————

This result supports the view that a strange quark produced in the

scattering can coalesce with a
ud diguark remnant of the beam
particle to produce a lambda

If this hypothesis is correct, we expect
A_.>0for (A, A), (A, A))

and (A, , A, ), and

A_ =0for (B-,B+), (=7, =

and (Q—-, Q + ) since these

particles do not share a diquark
with the proton.

Bob Hirosky, UNIVERSITY of VIRGINIA

In fact )
A JN\, and A/A vs “rapidity loss” are similar.
"‘~1-8_‘"'I""I""I“"I""|“"|IIII rTTTTT T T
16t ¢ DORunll, 10.4 o’

1.4F ¥ CMS | | =
A LHCb preliminary

E -
L

0.4f E
0.2 Phys. Rev. D 91, 072008 -

0_\\IIII\\I| I|IIII |III‘\\I|IIII‘\\\I_
o 1t 2 3 4 5 6 7 8 9 10

y(beam) - y(Ap)

R=c(B)/o(F
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w arXiv:1605.03513

FORWARD-BACKWARD SUMMARY

e
_ . : = 0.1
ﬁwte |’C])f I’eSl.J|tS consistent with < L e A(udata) Phys. Rev. D93, 032002 (2016)
ypotheses: " E(udata) 160503513

2 (U data)
- o B Phys. Rev. Lett. 114, 051803 (2015)

0.05

strange quark produced in the
scattering can coalesce with a ,
ud diquark remnant of the beam - .
particle to produce a /\ [ .

---

Il

For particles that do not share a
diguark with the proton

_ VWS 1 15 2
FindA_, =0 for (B -,B +) Rapidity y in CM
And, within statistics, consistent
with O orAFB(/\) for(z—-,=t)and (Q—, Q +)

“—

=
E“I“E Bob Hirosky, UNIVERSITY of VIRGINIA HQL 26May, 2016 17


http://dx.doi.org/10.1103/PhysRevLett.114.051803

DS

SUMMARY

The DO detector continues to provide an excellent test bench for
heavy flavor physics measurements

Large muon acceptance, efficient triggering, good mass resolution

CP symmetric initial states and excellent compensation for any
detector non-uniformities

Offers unique opportunities to study rare processes
(eg production/decay asymmetries, new CPV studies), new states
(see Tuesday's DO talk), ...

More Is yet to come!

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 26May, 2016
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FORW ARD-BACKW ARD ASYMMETRIES

A’ and A° baryon production

L —
Production through gq, gg has small asymmetry (~1%) from NLO corrections

=> Study hadronization effects, eg “string drag” model (Rosner)

favor production of (Kb)/\b In (anti)proton beam direction

Events

— Data fit
-+ Signal

¢ Data (forward) *;

Background

bedssinsbasivit? | ¢ 4
5.4 5.6 5.8

6 62

— Data fit
Signal

Background  —

M(Jy A) [GeV]

60— T T T T T T T T _

2 7F ]
& gof DORunll, 10.4 b + Data (backward)]

5.4 5.6 5.8

5 62

M(J/w A) [GeV]

Bob Hirosky, UNIVERSITY of VIRGINIA

Clean signals
Forward/backward
events shown

General agreement with
heavy quark drag model =>

10.4 fb*

OISZHI‘IH"H“H‘Hllllll‘“‘”‘lL
0.4; ¢ Signal é

E Background 3
0.3 — HQ Drag =
0.2 ----HQ Recomb

0.1F | | E
] S W TR SEEEPRELER CEEE .

o1F

-0.2F

-0.3 |

DO Run I, 10.4 fb"

SR RPN AR PR A
0 02 04 06 08

1

AT e 2
lyl
arXiv:1503.03917
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DEJ FORW ARD-BACKWARD ASYMMETRIES

b production

Production mechanism dominated by gluon-gluon fusion - no AFB
A__ receives contribution in qq and qg interactions from interference:

q Q q Q q Q q Q
>\mw<4—>sz &;XQQQQK 4—>>\mm€
1 Q a Q q Q q Q

Q q
« initial and final-state radiative gluon » different amplitudes in flavor excitation
diagrams * electro-weak process (qq — Z/y — bb)
* box diagram + Born
In pp collisions b(b) quark follows p(p) direction App ~ Nr — Np
— ~ N+ N

A_, depends on m(bb) d &

A . using fully reconstructed B meson and A, <0y n>0 )
(also A) :
p

C—— forward

Bob Hirosky, UNIVERSITY of VIRGINIA HQL 26May, 2016 20



w arXiv:1511.05113 [hep-ex]

FORW ARD-BACKWARD ASYMMETRY OF (/A /)

L —————

Observables

Np(A) = N(1+ A%pp)(1 - Ayg)(1 4+ AL5), | .
NB(A) = N~ App)(1+ Ayg)(1+ Aly),  pimed s
Nr(A) = N1+ Apg)(1+ Axg)(1 — A7),

Np(A) = N(1 - Arp)(1 - Ayg)(1— A\R)

A' . measures the relative excess of reconstructed A’s plus A’s with

longitudinal momentum in the p direction (north) with respect to the p
direction (south).

A' . : measures the relative excess of reconstructed A’s with respect to A’s

Bob Hirosky, UNIVERSITY of VIRGINIA DIS 27Apr, 2015 21
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w FORWARD-BACKW ARD ASYMMETRIES 10.4 fb't

PRODUCTION ASYMMETRIES OF B+

o) = Y0915 >0) ~ Ny <0 ——
S N(—gpns > 0) + N(—gpnp < 0) 5 S track

WS
5 Soc
DQ, L=104fb + Data

> +
5 u
: — Bk Fully reconstructed mw <:p_
5 AL B meson
m @BX—)..V\VE‘X af)] .

10° ‘]]]]]]Combmatoncbkgd. L'II: g 5;_ ® DB, L 10415 AFB(B_) —

ord £ 5 (-0.24 + 0.41 + 0.19)%
n = .

: I Systematically lower than
= : { """""""""""""""""""" calculated in MC@NLO
Zu. -®- Data

3 -2 — MC@NLO ) ) .
Z M(J/yK) (GeV) S i<m<07  o7<m<iz  m>i2 More rgorous determination of
2 o m n®|  the SM prediction needed to
S —womk | ] E 6 o ppL=lan interpret results
§ sog o < -
a k4 2 i

- c I: Less room for new physics

100 Bs iy 5 Ji: causing anomalous F-B

150 (] Combinatoric Bed. | 4= e —t— asymmetries (top and bottom)
I o e s I ) - = MCeNLO

MJ/yK) (GeV) -6 I I I ! I I
B T e éew Phys. Rev. Lett. 114, 051803 (2015)

arXiv:1411.3021
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