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Arp IN bb PRODUCTION

e Do heavy quarks have a preference to move in the proton direction?

* Forward-backward asymmetry arises from interference of higher-
order diagrams with color factors that are not Q < Q symmetric:

= No Ay created at leading order in the SM, only appears at higher orders

= Dominant source is interference of tree and box diagrams — Ag > 0
q Q q Q q Q q Q
“ Q Q a Q Q
e In pp collisions, forward = b, B- (b, B+) following p (p) direction

n<o0 , n>0
b (B)

App(BY) = N(—ggng > 0) — N(—gpng < 0) /
N(—gpne > 0) + N(—qpns <0) , > 7

Forward




MOTIVATION

e A, of tt production created a lot of interest

= Early measurements >> SM, still some tension between CDF and SM

= BSM models to explain excess can also predict bb asymmetry — same sources
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- SM Prediction: Agg(bb) = (0.34 £ 0.10 + 0.01)%, M(bb) = 35 — 75 GeV  (#RL 111 062003

« Still at the beginning of hadron collider measurements for bb!

= LHCDb: forward-central asymmetry in mass range around Z peak (PRL 113 082003)

= CDF: forward-backward asymmetry in M(bb) > 130 GeV  (CDF/ANAL/TOP/PUB/11092)

Figure from arXiv:1411.3007
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MOTIVATION

e A, of tt production created a lot of interest

= Early measurements >> SM, still some tension between CDF and SM
= BSM models to explain excess can also predict bb asymmetry — same sources

- SM Prediction: Ags(bb) = (0.34 + 0.10 + 0.01)%, M(bb) ~ 35 — 75 GeV (prL 111 062003
« Still at the beginning of hadron collider measurements for bb!

= LHCDb: forward-central asymmetry in mass range around Z peak (PRL 113 082003)

= CDF: forward-backward asymmetry in M(bb) > 130 GeV  (CDF/ANAL/TOP/PUB/11092)
« Fully reconstructed B+ decays tag b/b exactly

= No precision lost to mis-tags, B%/B? oscillations [

* D@ has many practical advantages:

= History of precise CPV asymmetry results ol

= pp initial state, reversing magnet polarities,
extensive 1 coverage




RECONSTRUCTING B* — J/w K~

ptp pair (J/y) + track (K*) = B+

= B+ decay length significance > 30

F/B definition: grs = -q5 sign(ns)

* Rejecting |ng| < 0.1 (2% of data) gives: \3\0

= 100% grs(MC@NLO B*) = gpp(reco B*)
* 99.5% qra(MC@NLO b,b) = grs(reco B2)

e B* kinematics closely
match b kinematics:

u
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= Reco. Bt vs generated b,E\j‘%;._
= Agp(B*) affected minimally : 1_

by hadronization

H

L ; .-_ - |
. g 40
}:h- Correlation Factor = (0.9785 2

s 2 2s
generated 1(b)

> charged
. K — > track

s
- S C\; <: I_1+
~ =

= Ambiguous near || = 0 due to finite resolution
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* Events weighted to correct for reconstruction asymmetries (next slides)

e 4 components, each with an event fraction f and asymmetry A
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RECONSTRUCTION ASYMMETRIES

e Asymmetries in the detector or reco of J/yy or K* must be corrected

e Forward-backward asymmetry is a combination of charge asymmetry
and “north-south" asymmetry

Toroid polarity reversal

. —>
* Deal with Ac: Wiagnet < <

. Tracking
= Equalize N(B¢) in 4 magnet polarity settings K OZ ) Layer \
to remove tracking asymmetries s
|J+

= Set N(B+*) = N(B-) to correct for K*detector I
interaction cross-section differences — 1% Ac

o
X8

—
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RECONSTRUCTION ASYMMETRIES

e Asymmetries in the detector or reco of J/yy or K* must be corrected

e Forward-backward asymmetry is a combination of charge asymmetry

and “north-south" asymmetry NORTH n<0 | sOUTH n>0

n=0 n=1,"

° Deal With AC: Wrnagnet ml : M Muon Scir‘ltillators ”

Muon Chambers I

= Equalize N(B¢*) in 4 magnet polarity settings
to remove tracking asymmetries

0 - I
= Set N(B+*) = N(B-) to correct for K*detector [
interaction cross-section differences —» 1% A: | M
J 0 -
e Deal with ANS: WiuWk I | I .

10 5 0 5 10

= Measure asymmetries in samples without expected production asymmetry
= set g,<9 = &> with a corrective weight, based on event-by-event kinematics

= Effects on Apg(B*) are small: B+ and B- on same side have opposite ggg, SO Ans
corrections mostly cancel
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RECONSTRUCTION ASYMMETRIES

o Anxs(J/Y): prompt J/y — p+p-, measure in bins of |n| and pr

= identical selection with requirement of low decay length significance

= Est. 2% B decay fraction

e Anscalculated by counting after sideband subtraction in each bin of ||

« Low pr Axstraced to inactive material causing (pr(u) N) > (pr(u) S)

> x10°
o 0 DO, L=10.4 b —— Data X [ DO,L=104f" '
= 400 ol — 2F ——
o - — Jy — uu = F ——
» = Background = YL *
= 300 — - [ -
O = Z _2‘_ ——
5 250 P ~ —.
2005— =
- S -4 —e— [M[£0.7
1501 2
- Low | | t | High 7 -6 + —— 0.7<M<£1.2
1005— Sideband ;Sideband o 8: —~ n|>12
— : = O #
I . =
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M(pp) (GeV)  Z p. (1) (GeV)
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EXTRACTION OF Agz(B¥)

App(B:) = [-0.24 + 0.41(stat) + 0.19(syst)] %

° 89328 Sigﬂal evts / 160360 Caﬂdidates TABLE I: Summary of uncertainties on Apg(B¥) in data.

Source Uncertainty
Statistical 0.41%
® X2 / d.O.f — 249 / 214 Alternative BDT's and cuts 0.17%
Fit VariatiOI}s . 0.06%
: Evoi-wan o R — e
> - Systematic Uncertainty 0.19%
oL — B* > JyK* Total Uncertainty 0.45%
< [ Bs -y n
5 > - _ 1
E e [[l]]]] Combinatoric bkgd. | g | — B > iy K*
i : — 1005_ 1 Bs -y
£l T sof
w : TR RT
z : i
EB I I i, I | I ! L % —50_ { ! ’ H + + +
8 3= ‘ﬁ - b
N AURTT w {HH bl =-100E {
=~ 0 1L lﬂ LT I T = I BB, -y ht X
> N -
S + * H + + + { + E - Combinatoric Bkgd.
E -32_ 5'1 — 5'2 — 5‘3 — 5'4 — 5'5 — 5‘6 - @—200; c e e e e b e by e g
Z ‘ M(j/q!K) (GeV) E 5.1 5.2 5.3 5.4 5.5 5.6

M(J/WK) (GeV)
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EXTRACTION OF Agz(B¥)

App(B:) = [-0.24 + 0.41(stat) + 0.19(syst)] %
° 89328 Signal eV—tS / 160360 Caﬂdidates TABLE I: Summary of uncertainties on Apg(B¥) in data.

Source Uncertainty
Stotictical 0.41%
rxr/d e
% [ DO,L=1 s
> r . :
- Back-of-the-envelope comparison: 0197
5 agrees with SM = (0.34 + 0.10)%
E at the 1o level. p
g S Iy K*
f AR
= .
‘g g AR TR +
5 2 0 Ll
> 3 ! |
— | | L I L f" —50_ ! ’ + +
5 Z Uk i {
© i L -100F
~ " M “W o i } BB, s Jyh* X
Z + { + % -150F Combinatoric Bkgd.
E """""""""" 5'5 — 5‘6 : @-200; clo o b e b b e e b
Z M(j/q!K) (GeV) E 5.1 5.2 5.3 54 5.5 5.6

M(J/WK) (GeV)
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Aps(B*) ESTIMATE FROM MCQNLO

e 16M QCD pp — bbX events generated with MC@NLO + HERWIG
for hadronization

D@, L=104fb"

e Identical B+ — J/iy K* selection as in data 2500]

Mean = 5.279 GeV

»000F- RMS = 0.051 GeV

* Add requirement that J/K* reconstructed tracks match | _»
generated B: — J/iy K+ tracks (leaves only signal) — |

1000

= Correct for unmodeled muon trigger effects

500

= Correct for MC reconstruction asymmetries O P
M(upK) (GeV)

Agp(B*) = [2.31 = 0.34(stat) = 0.51(syst)] %

e Systematic uncertainties: PDF, energy scale, fragmentation

= Renormalization & factorization energy scale variations: 0.44%
= Fragmentation model variations: 0.25%

= PDF eigenvector uncertainty shifts: 0.03%



J. Hogan YSF 03.04.15 15 H

Aps(B*) ESTIMATE FROM MCQNLO

* Also measured in bins of |n| and pr £ 5| po.L=1041"
24
<pr(B*)> =12.9 GeV < 3
Arg in data systematically lower than in MC 21
0
Data = (-0.24 + 0.45)% 1
MC = (2.31 £ 0.61)% 2F — MC@NLO
301 <IM|<0.7 |O.7<|n|51.2 | m|>1.2

Difference = (2.55 + 0.76)%
~30 [m(B)|

6 DO,L=10.4fb"

e MC SuggEStS AFB(Bi) ~ AFB(bB), bl_lt
doesn't align with theorists' Ags(bb)
predictions at low M(bb)

e Not optimal for an SM prediction in -4 _ ycano

this channel g

7-9 |9-11 |11-15‘15-20|20—30| > 130
p,(B) (GeV)
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SUMMARY

 First Tevatron measurement of a forward-backward asymmetry in
the b sector

Ag(B2) = (-0.24 + 0.41 + 0.19)%

= Precision reflects D@'s excellent heavy flavor asymmetry program
= Agrees with preliminary results from CDF — asymmetry consistent with zero

= Extends and complements CDF high mass measurement

e Less room for new physics causing anomalous forward-backward
asymmetries (top and bottom)

« D@ Agp(tt) measurements and SM predictions have moved toward each other

= Our result suggests agreement with theorist's SM predictions of Az(bb)

16
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SUMMARY

 First Tevatron measurement of a forward-backward asymmetry in
the b sector:

Ag(B2) = (-0.24 + 0.41 + 0.19)%

= Precision reflects D@'s excellent heavy flavor asymmetry program
= Agrees with preliminary results from CDF — asymmetry consistent with zero

= Extends and complements CDF high mass measurement

e Less room for new physics causing anomalous forward-backward
asymmetries (top and bottom)

« D@ Agp(tt) measurements and SM predictions have moved toward each other

= Our result suggests agreement with theorist's SM predictions of Az(bb)

THANK YoOU!
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BACKUP
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THEORETICAL PREDICTIONS

e Closest energy range: Arg(bb) = (0.34 + 0.10 + 0.01)%

Figure from PRL 111 062003 (2013). 2 M(bE) =35-75GeV, or p(b) > ~15 GeV
10 1,10 GeV. g 0476 ot = Increases to 2% — 4% near/above M(Z)
j_ MG'=200 GeV, g,=0.434 (dashed) NP — aXi luon
8 L M =300 GeV, g,=0.354 (dot—dashgd) g . .
b o= Gev. 0.8t * New physics particles could replace
S 4 SM gluons in gq — bb interactions
= 3 i S LU E UL
2r . . -
o { { | } _ ~* NP which agrees with CDF Agg(tt)
_25_ give AFB(bb) =~0% — 0.8%
0 T I5‘0‘ - Il(I)OI - ‘lg()l - IZ(I)O‘ - IZéO
M _[GeV]

e We produce a SM estimate using MC@NLO: QCD pp — bbX

= Allows direct calculation of asymmetry for B* mesons
= Ensures identical kinematics to our data sample

« Lets us compare between Ars(B*) and Ars(bb)
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RECONSTRUCTING B* — J/hy K*

< |

e All DO data from Tevatron Run II, 10.4 fb-!
e [/TU- Dail +) = Bt i | ) W~ /S ,
pt - pair (J/y) + track (K*) = B* candidate C\A

o ut: pr>15GeV; |n <21 - b »\JA/W

e K= pr>0.7GeV; |n<2.1
e J/Y: Mass = 2.7 —-3.45 GeV

" B* trajectory

LT

= Decay length uncertainty < 0.1cm p > - p
= cos(2D Pointing Angle) > 0 | |
50000} . DO,L=1041b"
* B Mass =4.0-7.0 GeV \ N\ Low Sideband | AT pigh sidebang
40000F . Region |
= decay length significance > 3 ool
=« vertex fit y2< 16 /3 d.o.f - |
= cos(2D Pointing Angle) > 0.8 {00001
- —
(more background reduction not shown in the plot) S S ¥ S—

M(J/YK) (GeV)
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BooOSTED DECISION TREE

0121 D@,L=1041" | ®
0.1%
| ¥
3
0.08 '; —— Sideband Data
006 : —— MC Signal
. I —— Data Est. Signal ¢
— ) g
0.04— 4%
i %
- LR
0.02~  w
C .
OM L ' ' it
0 2 4 6 8 10 12 14 16 18 20
B* radial IP significance
X 052 D@ Run I, 10.4 fb™!
é‘ 0.5 :+
£ 048 .4
: U
0.46— : -
5 o
£ 0.44 - ++’
< C - *
0.421— ot 1
[ *ee, +_.__._ * e _;_-.-“-t-'.:.-
0.4= t Hﬂé
0.38°
0361 \ \ | | | | | | \ °
-0.1 -0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1
BDT > x

Background taken from data in sidebands

= Mostly partial reconstruction and
combinatoric background

Signal MC (leading-order) generated with
Pythia

= Match kinematics as closely as possible with
expected data signal (from sideband
subtraction) using weights

= Ex: muon py, trigger effects aren't modeled
BDT trained using 40 variables:

=  Momenta, decay lengths, impact parameters,
pointing angles, vertex fit x2, isolation, and
Ao for several particle pairs

Cut on discriminant chosen to minimize
Arp(B?) statistical uncertainty
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MAXIMUM LIKELIHOOD FIT

* Particle masses don't match between north (n < 0) and south (n > 0)
sides of the detector: M(north) always < M(south)

= Ex: M(J/y) — AM significant based on errors, but small compared to peak width:

N4

"*g 30005 <M(pp)> north = (3.0842 + 0.0001) GeV E - — North: M = 3.0842 GeV, 6 = 0.0853 GeV
o - _ 4 -

2 M) south = (30893 0.000) GeV 1 = 0,05 gouth: M= 3.0893 GeV, 6 = 0.0846 GeV
Z 20001 ‘fu S 0
= F wt > 0.04)
g 1000 ++++++ + *g -
[ _+ [
= - +'4 = -
S Ottt H+ oty B 0.03F
= st B
~ + te N B
-1000— +++ = 0.02~
: oo -
-2000/ bt 5
- 1 + H + = 0.01F
s000F. DO,L=104 fb° ++ :

I T T T T T N O N A I NI IO OB B A T T T T T A T T T T M O A M
2.7 2.8 2.9 3 3.1 3.2 33 34 2.7 2.8 2.9 3 3.1 3.2 33 34
M(up) (GeV) D@, L =104 fbo' M(up) (GeV)

e Solenoid field asymmetric along z, but not included in the field map

e Solution: signal distribution has a unique parameter set on each side
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MAXIMUM LIKELIHOOD FIT

e Until the analysis methods were approved, asymmetries were blinded
by randomizing sign(n) of the B+

 Statistical uncertainty from the e+ Performance of the algorithm is

fit is 0.41%, confirmed with an tested by injecting asymmetries
ensemble of 1000 trials and comparing with fit results
s 1407 DORun L 104 " p=(0010£0013% | £ [ DORunlL, 104"
E 10k + 6=(0399+0.011)% | @ 4
S =282 < |
2 100 B N
3w |
- Un
60_— B
40 2 ¥*/ ndf 99.9 /98
20:_ - p0  -0.01636+0.01830
L -
- pl 0.9989 + 0.0063
NI AN R trv ol b ra b N
25 2 15 -1 05 O 05 1 15 2 25 Ti.|..||||.|||||||||||
App (%) 4 2 0

2. 4
input AFB (%)
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RECONSTRUCTION ASYMMETRIES

e Large negative asymmetries at low momentum appear to be caused by
extraneous detector material asymmetries (cable bunches, etc)

« Excess of low pr muons on the south side, and that side has lower
average p — momentum threshold is higher on the north side

<p>=(4.018 + 0.002) GeV

1200 C .
—1000 B
10000 — W) >0
800 B W <0
3000 n(w)
600 B
6000—
400 B
4000
200 B
2000—
: <p> = (4.039 + 0.002) GeV
0 Ll ||||||||||||||||||||||||_-|E‘|-|'T'ﬁ--4._|_||||||| |

I A A A T

D@, L=104fb"
p(L) (GeV)
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RECONSTRUCTION ASYMMETRIES

e Standard method: e Our method: weight so €, = &, :
» A(physics) = A(raw) — A(reco) 11— Ans
Wnorth — 1 A
= 1st order simplification of + ANs
multiplying efficiencies e Event kinematics determine the bin of
= A(reco) calculated from a ANS(J/ l,U) and ANS(Ki)

weighted average over A s bins:

e Uncertainty: 0.003%

A r o . o
FB eco § : niA = Ensemble of Gaussian variations to Ays
blns

e (Cross-check — A(reco) agrees
with new weight method

50: D@ Run 11, 10.4 fb™! * o =(0.00297 £ 0.00011)%
7 S g

Number of trials
=
\

e Uncertainty: ~0.13%

Arbitrary mean
value from
A . (BY)
blinding

_\ L bl \\‘\I\I \Illl\ |“\\‘

0355 036 0365 037 0375 038 0385

Apg (%)

= Directly from Ay errors in
A(reco)




EXTRACTION OF Ag;(B¥)

~ []p@RunIL 104 "

Runllb4, 2.5 fb'!
RunlIb3, 2.1 fb’!
RunlIb2, 3.2 fb’!
Runllbl, 1.4 fb’!

Runlla, 1.1 fb’!

II_2IIII_1I 0 Illlll\ 2 3

4

Agg (%)

Trained with different background

samples or variables \
Mass range, E; dependences,

float/fix specific parameters ~ » Fit Variations

Alternate fits, cuts, bins, etc

Test of injecting asymmetries
into blinded data

7

03.04.15 27 H

Result is stable over time and with B+/B-

fitted separately

Background asymmetries also consistent

with zero

App(B*) = [-0.24 + 0.41(stat) + 0.19(syst)]%

TABLE I: Summary of uncertainties on Arg(B¥) in data.

Source Uncertainty
Statistical 0.41%
Alternative BDT's and cuts 0.17%
0.06%
Reconstruction Asymmetries 0.05%
— Fit Bias 0.02%
Systematic Uncertainty 0.19%
Total Uncertainty 0.45%
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Aps(B*) ESTIMATE FROM MCQNLO

e FEnergy scale choice: 0.44% DO Runll, 10.4 fb 2 P2
1 ) - Rx2, Fx1
Ho =15 [27”2(5) + p7(b) + PT(b)} Rx2, FX0.5
. . . . - Rx1, Fx2
= Vary renormalization and factorization Rl Fx0.S
scales from p1o/2 to 2, . 0’5 ) '2
= Compared to default magnet polarity: L R, B Rx0.5, Fx1
Ars(B*) = (1.39 + 0.40)% Sol(-) Tor(+) Rx0.5, Fx0.5
& 0.012 POMC Apx(MC@NLO) (%)
g ook | . .
3 Y~ Bowler Function LEP wne  Fragmentation function: 0.25%
3 0.008 —— Bowler Function SLD tune
N B . —
é“ Jongk. —— MC@NLO+HERWIG default = Weight z = p(B), / p(b) to match
N LEP or SLD tuned Bowler
0.004- :
Ol function
= 0.002F - .
:....I..__..I....I Mﬁ ............ z) x ———(1 — 2)%ex —b‘"erz A
OO 0.1 02 03 04 05 0.6 0.7 0{8 O.|9 1 fB( ) Zl+bmg( ) p( / )

z=p(B) /p(b)
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