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~ bd/s = UT” physics motivation

1D detector and ¢
Ba/s = ptp- analysis overview
Backgrounds

B+ = J/W K*yield extraction

(J/W n?) / (J/W K*) ratio measurement

Signal Bg/s = pu*tp- yield extraction

Results of BR( Bg/s = pty- ) measurement
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strong QCD-free constraint on NP
genuine probe of Yukawa interactions
EW precision test (wrt.Z penguin) W, X°

|
w+ H+17?

Evidences of CMS+LHCb combined [1]
BR(Bs — p+p') =(2.8+0.7-0.6) x10"° 20 _
BR(Bg— ptp)=(3.9+1.6-1.4) x10-10 | |

15 L MSSM-LL

Standard Model [2]
BRsm(Bs = ptp) =(3.65 + 0.23) x 10
BRsm(Bg = ptp) = (1.06 £ 0.09) x 10-10

10° x BR(By — putu~

0.5

[1] Nature 522 (2015) 68-72 ! /
[2]C.Bobeth et al;, Phys. Rev. Lett. 112 (2014) 101801 o [ Napemmmme——mmmm— -

0 10 20 30 40 50
[3]Buras et al., Eur.Phys.J). C72 (2012) 2172 10° x BR(B, —» g u-)
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Run | DaTa TakinG

2011 ~ 4.6 fb-'

instantaneous luminosity &
pile-up steadily increasing

\s =7 TeV \s=7TeV s =8 TeV

cm? s7]

ATLAS
Online Luminosity
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2012 ~ 20.4 fb!

Flatter instantaneous luminosity profile 0
o 5 .. o yat ot Woock yat pet WOt oyt peS W ot
Cha"englng plle-up condltlons ! Month in 2010 Month in 2011 Month in 2012

W
o

éﬂiﬁ?nary 2012, \'s = 8 TeV di-muon trigger event selection

I:l LHC Delivered Delivered: 22.8 fb™ *

N
$)

Recorded: 21.3 fb™'
[ ]ATLAS Recorded Physics: 20.3 fo'

Bl Good for Physics
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Tier-0 processing
2011,\s =7 TeV ~24 PB of RAW and derived data

Delivered: 5.46 fb™'

Rocorded: 50015° y/ Up-to 80k Tier-0 jobs completed/day

Physics: 4.57 fo'
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Bp/s = T |U- STRATEGY (@ AILAS

F F -
ANalysis Features
~ blind analysis technique: exclude mass region 51066 < m(U™y’) < 5526 vieV
uuuumwmﬁb-awauwuww
data control samples used fo ecks & bkg understanding
Relative branching ratio measurement
reference signal decay B* = J/WK#* = u+u-K=(large stat.)
partial cancelation of systematics ( on luminosity, cross-sec., efficiencies, trigger)
BR (B* = J/Wn*)/BR( B* = J/WK*) = natural parallel measurement

Hadronisation probabilities
Yields from likelihood mass fits
Trigger and luminosity weight factors

DrormNormalisation term j c (4 event categories )
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Bp/s = ¥ |1- STRATEGY (@ AILAD

r\rulv,l, meatures

_blind analysistecnnique.exciude massregion sl 6o <im{p*f) <
luuuwma analysis=2 .-J!Jbb:.z.u.:s.g.mwu ugwamm

gata CO Ol Ssampiles used 1or & bka unde NAding

Relative branching ratio measurement
reference signal decay B* = J/WK* = u+u-K=(large stat.)
partial cancelation of systematics ( on luminosity, cross-sec., efficiencies, trigger)
BR (B = J/Wn*)/BR( B = J/WK* ) = natural paraIIeI measurement

‘ X Nytp- X [Z(NJ/\IlKi X Qj
Y |
| = N - unbinned extended ML fit simultaneously in 3 bins of ¢-BDT classifier 1)

NJ/L|1K+ 4 unblnned extended ML ﬁts (data + MC fit S|multaneously)

Simulation - (efficiency x acceptance) terms &y

€, +,,— —1
ptu
“calibrated” on data X (e N )3]
systematics from Data/MC discrepancies J/ ¥ K
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EVEeNT >eLecTion

+ H\LJ!‘.J;JH: CACITUDIVC !Ht’l‘_’l~‘! ¢ ;J!s't!uh-ﬂ‘.
(0 aVvOoIld etnciency 10ss
- 2011 data

1. 2011 : 2 p, each with pr >4 GeV

¢ data
2. T1 :2n, with ptu1 > 6 GeV & pru2 > 4 GeV (68%)
3. T2 :2p,eachwithpr >4GeV & atleastonein|n|<1.05 (6%)
4. T3 :2p,eachwithpr >4GeV & bothin|n|>1.05 (4%)
Cuts Additional cuts for all channels
m(pp) €[4766,5966]GeV (~5% loss in signal, reduce bkg. by a factor ~0.4)
Kaons, Muons, Bmesons: |n|<2.5 « AR< 1.5
pt(p) > 4 GeV a2D <1.0
p1(K) > 1 GeV Lxy >0
pt(B) > 8 GeV

ID+MS combined tracking
massresolution in end-caps better by 30% wrt. 7 TeV analysis
Improved Primary Vertex (PV) identification = 99.8 % efficient
selected PV has min. distance (in z) to a point of closest approach of p(B) direction

(3D)extrapolated to beam line.
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Bo/s —> U*|I- BacKGrRounbs

Combinatorial Background Peaking background
bb —> reduced by B = hh;, h =mn, K, p mis-identified as p
in Bsfit: 1st order polynomial dangerously mimicks the signal

in Bs fit: signal-like PDF

Partially reconstructed decays

>
Same-vertex (SV) ?_’ ATLAS Slmmaznoglinded region :
P : — Total B—»>h'h”
5o Bk
. . . / & Bk
Same-side (SS) different vertices /- | - e
llf\) ]2/ : / | |
Semi-leptonic -
R s 7 R~ 0y
i N B S fi t . ex p onen t i Fe | I Mass of two misidentified muons [MeV]

f-BDT trained on MC

. reduced bkg. from h mis-identified as p
| | SV background .
[ 55 background performance validated on data

[ Semi-leptonic background
B B. background

Bl B. -
[before c-BDT cut]

ATLAS Simulation

Events / 40 MeV

rejection 7 times > wrt. 7 TeV analysis
50 Ba/s—>pp signal eff. set to 95%::
%800 5000 5200 5400 5600 5800 EXPECt 1.0+ 0.4 (MC) fake events

Dimuon mass [MeV]
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ComBinaToRriaL BackGcrounp DiscRiminaTion

Largest Background component

(2000 x higher in data than SS+SV)

Boosted Decision Tree classifier applied for suppression (c-BDT)
15 input variables exploiting :
B-meson kinematic
Good PV-SV separation Ax (ct ~ 450um)
Collinearity between Ax and P(up)
None or few additional tracks around the SV ey moB)

U prop., X2 wrt. other vertices, B isolation... Ap - Semi-leptonic B__
#4Bs - ww MC

e 2012 sidebands ATLAS
S Combinatorial bkg MC  \s =8 TeV, 20 b’

1/N dn/dBDT

Trained on 1.4G MC

0.6
BDT output

Combinatorial bkg reduced ~1000 x

Signal efficiency 54% Data/MC validated on control samples
B+ = J/WK*, Bs—=>J/W O
Data/MC discrepancies
accounted for as systematic error.
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I RerFerence CHannel YieLD

Unbinned extended maximum likelihood (ML) fits
m(ptu-K#) Data mass distribution fitted (simultaneously with MC)

Extract yields of B* = J/W nn* & B* = J/W K* at the same time (“+” sign plot notation)
Several parameters are free to vary

Normalisations | | 4-vcambo‘nent fit |
mass scale & resolution . partially reconstructed decays (PRD)
slope of combinatorial bkg. combinatorial bkg,

Main systematics W = & /W K
Combinatorial model - shapes sim. constra

MC modelling of PRD
Signal charge asymmetry

Total contribution to Dnorm systematics + 0.8%

e 2012 data
ATEAS A — Total fit result

) - B" 5 Jy K*
1
\s=8TeV,2.7fb .... PRD

Combinatorial bkg

T3 e BT o Jy Tt

30000 ATLAS e 2011 data
— Total fit result

e BY 5 Iy K
-.-. PRD
Combinatorial bkg

2011 e

ATLAS e 2012 data

— Total fit result

- B" 5 Jy K*

.... PRD
Combinatorial bkg:

T1 — B s Jy

e 2012 data
ATLAS — Total fit result
\s=8TeV,2.7fb"

\s=8TeV, 2.7’ \s=7TeV,49fb"

Events / 25 MeV
Events / 25 MeV
Events / 25 MeV

Events / 25 MeV

Mauye

¢
¢ ¢
p TP e e ¢T ¢4 3 -;i"-;-*---~'4-o-*-’-r*t-,--’-"--"rt-;-;-0-01-*

5000 5100 5200 5300 5400 5500 5600 5000 5100 5200 5300 5400 5500 5600 5000 5100 5200 5300 5400 5500 5600 5000 5100 5200 5300 5400 5500 5600
My, k- [MeV] iy k- [MEV] My - [MeV] My k- [MeV]

 BR(BE o djmE) '“ﬂ
pire = PR /¥77) _ 0,085 + 0.008%t% + 0.012*’!!mt
| BR(B* — J/¢yK*)

I = = o
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(AccepTance X EFFiciency) RaTIO OF siGnaL/ReF. cCHanneL

Extracted from simulation (MC samples)

separately for each channel and category
corrections from B+ or Bs—> J/¥Y ® dataon:

pT(B) and n(B) spectra

Bs = p+u- lifetime and B isolation

trigger efficiencies corrected using J/{ and Y data

Main Systematic Uncertainty
vertexing (Bsvs B*) & track reconstruction K+
Residual Data/MC discrepancy on the c-BDT variables (+3.2%)
Total systematic uncertainty contribution from B* yield and Bs/B* acc. x eff. ratio £ 5.9%

Statistical uncertainty in simulation

pt, n reweighting and trigger efficiency

Data to MC discrepancy in discriminating variables
K™ and BT reconstruction

Residual trigger efficiency systematic uncertainty

BT yield

Total uncertainty
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ExpecTtep Signal YieLbp

2N,
k

~ Js BR(B?,) —putp”)

Estimate expected Bs = p+u- signal yield

Assuming:

SM branching ratios

¢c-BDT and f-BDT was applied

reference channel yield measured

Rkae was evaluated

then all the inputs are known :

BT f X BR(B* — J/yK* — utu— K¥)

Nk oy
J/®K
DI
k Aec

Ca t:ga(:fy (k) Rkae = &)w k+ / €prp- N/ k= ok | fs/fa (Fua=1) | NBs— psp-
T1 0.180 £ 0.001 £0.009 | 46 860 + 290+ 280 | 7.23 27
T2 0.226 £ 0.004 +0.014 5200+84+100 7.28 | 0.240 +0.020 24
T3 0.189 + 0.005 +0.022 2512+91 +42 7.29 ATLAS 1.4
2011 0.156 £ 0.002 +0.009 95900+420+1 100 1 arXiv:1507.08925 8.8

Expect 41 Bs and 5 B4 events in the signal region

Blacksburg, Virginia | 22nd - 27th May 2016

Jaroslav Guenther

13



Bo/s = U+~ SIGNAL FIT

Unbinned extended maximum likelihood (ML) fit
m(pt) Data mass distribution fitted simultaneously in 3 ¢-BDT bins 123

w different S/B ratio to constrain the bkg.
Extract Ngs and Ngg
Each bin has 18% signal efficiency

e 2012 sidebands ATLAS
0.14F === Combinatorial bkg MC \s=8 Je

1/N dn/dBDT

- By Iy
— 88+ 8V (noB) Iif’:

Semi-leptonic BS’d K A
“4 By — ptu MC \

Basic fit configuration
Background models:
independent bkg yields
and rel. fractions in each bin | - BDT output

Combinatorial bkg - 1st order Chebychev

Same side/vertex bkg - Exponential

Peaking bkg - signal-like PDF
Semi-leptonic bkg: no additional PDF

Signal:
2 Double Gaussian shapes from MC Bs/Bg sample
signal fractions in each bin constrained to exp. equal signal efficiency
2 normalisation parameters Ngs and Ngg
Blacksburg, Virginia | 22nd - 27th May 2016 Jaroslav Guenther 14



‘Bo/s = U*+U- FIT SensITIVITY & SysTemarics

MC Toy Experiments

SM expected significance:
SBs —» M+p- — 3.1 O, SBd~> M+p- — 0.2 (0]

(Toys w mean Ngs - prp- =41, Ngd - prp- =5 & imposing Ngs/d - p+p->0)

Dominant Systematics:

Uncertainty in the relative efficiencies of the 3 ¢c-BDT bins

Alternative signal and background models

B(By — prpu”)

Scale uncertainties
B(BT — J/YK™T) x B(J/v{ — pu) branching fractions
B4 /BT production ratio
BT yield and BY,)/B" efficiency ratio
Relative efficiency of continuum-BDT intervals
Signal and background model

Total scale uncertainty

Offset uncertainties

Signal and background model 0.2 x 107

Statistically limited measurement

Blacksburg, Virginia | 22nd - 27th May 2016

3.1%

8.3%

5.9%
9%
6%

16%

B(B® — ptpu”)

3.1%
0

5.9%
9%
0

11%

0.7 x 10719
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Bo/s = U+ |- FIT REeSULT

I T T T l T T T ] T T T I T T T ] T T T T

| ATLAS —4— 2011-2012 data
— Total fit

\s=7TeV, 4.9 b Combinatorial bkg ]

\s=8TeV, 20 fb™ SS-SV bkg
Bl B, - ut

0.446 < BDT < 1

l T T T l T T T ] T T T I T T T [ T T T I T T L]

ATLAS —— 2011-?012 data
—— Total fit

\s=7TeV, 4.9fb™ Combinatorial bkg

\s=8 TeV, 20 fb’ SS-SV bkg
Bl B, - up

0.346 < BDT < 0.446

L

Events / 40 MeV
Events / 40 MeV

[TTT1

IllllIIIIIIIIIIIlIIIlllIIIllllIIII
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| Ly
. . - | l - el L+ £J J* i

800 . 5000 5200 5400 E800 £800 4800 5000 5200 5400 5600 5800
Dimuon mass [MeV] Dimuon mass [MeV]

TTT

NS

I I I I I I I I I I U 1 | I I I | 1 I I I

ATLAS —— 2011-2012 dat
—— Total fit

\s=7TeV, 4.9 Combinatorial bkg

\s=8 TeV, 20 fb SS-SV bkg
Bl B, - u

0.240 < BDT < 0.346
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; lower than expected !
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4800 5000 5200 5400 5600 5800
Dimuon mass [MeV]
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Dp/s = [T |- BRANCHING KATIOS

ooking at minimum @ o likelihood imposing Ngs/d - p+p- \Ngd = 0; Ngs =
BR(Bq = p+p) =0, BR(Bs 2 ptu) = 0.9x 1072

Uncertainties:
Neyman construction of frequentist confidence belt (MIC Toy experiments)
include both statistical (dominant) and systematic uncertainties
Osyst. = 0.3x10°

Upper limits set @ 95 % CL using CLs technique

Results SM Expected
BR(Bs) = (0.9 *+11155) x 10-° BRsm(Bs) = (3.65 £ 0.23) x 10-°
BR(Bs) <3.0x10° @95%CL

BR(B4) <4.2x 1070 @95 % CL BRsw(Bd) = (1.06 + 0.09) x 10-10

ATLAS precision comparable with CMS and LHCb
despite their (by construction) better m(p+u-) resolution (~1.5x for CMS; ~3x for LHCb)

Blacksburg, Virginia | 22nd - 27th May 2016 Jaroslav Guenther 17



Result compatible (lower than) SM p-value = 0.048 (2.00)

Possibility of destructive interference of NP with the SM

08 " L T 1 T 1 1 1 I B
\ | | N I |
N ATLAS

0 6 \s=7TeV, 4.9
N \s=8TeV, 20 fo

T 04

II|III|III|III

N

Contours for -2 Aln(L) = 2.3,
_0_2 6.2, 11.8 from maximum of L Ty i
L. | | | | | .I | | | | | | | | | | | | \l | | | | | | \l | | CERN EP 2016 064

0 1 2 3 4 o 6 arXiv:1604.04263

SIS AN | Submitted to EPJC

\l
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SUMMaRY

Significant improvement in analysis techniques
Results compatible with (lower than) CMS and LHCb

2.0 o compatibility with the SM prediction (S higher)
w room for destructive interference of NP with SM

Planning analysis of Run2 (~100 fb-') data

BR(Bs = p*p) =(0.9+1.1-0.8) x10-°

BR(Bs = ptu) <3.0x10° @95 % CL
BR(Bd = p*) <4.2x100 @ 95 % CL

CERN-EP-2016-064, arXiv:1604.04263, Submitted to EPJC
N Blacksburg, Virginia | 22nd - 27th May 2016 Jaroslav Gunther 19




BACKUP
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ATLAS Simulation

ﬁffffﬁ BY - utu- MC

Ve 44444

1/N dn/dBDT

— B > hh’MC

T T T T T T T T T[T T T [T T T[T TT I T T TTTTTTTTTTTITT

VAL A/A

g e 081
fake-BDT output

=)
—

Critical aspect of the analysis
hadrons mis-identified as muons fake
signal and can destroy sensitivity to NP

f-BDT reduces mis-identification probability
to 0.09%/0.04%/<0.01% for K/m/p.

Punch through 3% (8%) level for K (m).

Blacksburg, Virginia | 22nd -
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ATLAS Simulation

Illllllllllllllllllllll

Misidentification probability
IIIIIILJIII]III_{_IIIIIII_)(

Absolute value of the track rapidity measured in the ID.
Ratio ¢/p (charge over momentum) measured in the MS.

Scattering curvature significance: maximum variation of the track cur-
vature between adjacent layers of the ID.

x? of the track reconstruction in the MS.
Number of hits used to reconstruct the track in the MS.

Ratio of the values of ¢/p measured in the ID and in the MS, corrected
for the average energy loss in the calorimeter.

x? of the match between the tracks reconstructed in the ID and MS.

Energy deposited in the calorimeters along the muon trajectory ob-
tained by combining ID and MS tracks.

27th May 2016 Jaroslav Guenther
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. CLs LImITS

«&- Observed CLs+b
—4— Observed CLb
Expected CLs - Media

|:| Expected CLs + 1o
|:| Expected CLs +2 ¢

ATLAS

\s=7TeV, 4.9 b’
\s=8TeV, 20 fb™

Observed CLs
~&- Observed CLs+b
—&$— Observed CLb
Expected CLs - Median
|:| Expected CLs £ 1o
|:| Expected CLs +2 ¢

ATLAS
\s=7TeV, 4.9 b’
\s=8TeV, 20 fb™

Results SM Expected

BR(Bs) =(0.9*+11455)x 10°
BR(Bs) <3.0x10° @95 % CL
BRMCToys(Bs) < 1 .8 +O’7-O,4 X 10_9 @ 95 % CL

BRsm(Bs) = (3.65 £ 0.23) x 10-°

BR(B4) <4.2x 100 @ 95 % CL BRsw(Bd) = (1.06 £ 0.09) x 10-1°
BRMCToys(Bd) < 5.7 +2'1-1,5 X 10_10 @ 95 O/O CL
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I c-BDT

Variable
P

2
XPV.DV zy

DOCA 4k

rclose
]\,xtrk

2
X;L,XP\"

Description

Magnitude of the B candidate transverse momentum p7.2.

—_—
Significance of the separation Az between production (i.e. associated PV) and decay

— —
(DV) vertices in the transverse projection: A;ET-EA—-,I -Azr, where Yxz, is the
Az f

covariance matrix.
. . . —B N 2 2
three-dimensional opening between p'” and Az: \/asp? + An?

Absolute value of the angle between pt? and A_).’L'T (transverse projection).
Projection of EET along the direction of p’Z2: (EL”TP_'TB)/lp_’TB|

three-dimensional impact parameter of the B candidate to the associated PV.
Distance of closest approach (DOCA) of the two tracks forming the B candidate
(three-dimensional).

Difference in azimuthal angle between the momenta of the two tracks forming the B
candidate.

Significance of the larger absolute value of the impact parameters to the PV of the
tracks forming the B candidate, in the transverse plane.

Significance of the smaller absolute value of the impact parameters to the PV of the
tracks forming the B candidate, in the transverse plane.

Value of the smaller projection of the momenta of the muon candidates along p712.

Isolation variable defined as ratio of |p7?| to the sum of [p£2| and of the transverse
momenta of all additional tracks contained within a cone of size AR < 0.7 around
the B direction. Only tracks with pt > 0.5 GeV and matched to the same PV as the
B candidate are included in the sum.

DOCA of the closest additional track to the decay vertex of the B candidate. Tracks
matched to a PV different from the B candidate are excluded.

Number of additional tracks compatible with the decay vertex (DV) of the B candidate
with In(xZ,« pv) <1. The tracks matched to a PV different from the B candidate
are excluded.

Minimum y? for the compatibility of a muon in the B candidate with a PV different
from the one associated with the B candidate.

Blacksburg, Virginia | 22nd - 27th May 2016
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DaTa/MC compPaRrison

T T

ATLAS
\s=8TeV, 20 fb™

e 2012 Background-subtracted data
—B" = Jy K"MC

« 2012 sidebands
——— Combinatorial bkg MC
=— B, ->pu'p MC

AF « 2012 sidebands
- Combinatorial bkg MC

Illllllll

\s=8TeV, 20 fb"

1/N dn/djo.,p)|
1/N dn/dy?

ATLAS
\s=8TeV,2.7 b’

llIllll[IlllIllllllll

lIIIIIIIIlIlIIII[IIIIIIII

|

- ~ - 1 B, | _+_+*§+._!.'q-n_o_..-.l.n.ou- s 00, .

|
vo“‘NWo“o“++T 3

Data / bkg
Data / bkg

01 02 03 04 05 06 0.7 0.8 0.9 2 4 6 8 10 —2 0 2 4 6 8 10 12
|o,p| [rad] %2 muons to any PV log[x? (PV-DV)] x-y plane

LI S B S B L B L N B B B S N B B B B e T T T

1s=8TeV, 2.7 fb" I ATLAS \s=8TeV, 2.7 fb ATLAS 1s=8TeV, 2.7 fb"
e 2012 Background-subtracted data 2012 background-subtracted data e 2012 Background-subtracted data
()
— B" > Jiy K" MC —— B~ Jiyo MC — B" - Jiy K" MC >

T
T AT

T llllllll
[ ]
T lIIIIlT] TTTT

Ll

LI IIIIIII
11 lllllll

I IIIII|T| I IIIII|T| T IIIIIITI

LI IIIIIII
11 lllllll

l
.— | llIIIUJ | lllllu] L1

=TT

02 03 04 05 06 0.7 I : 0.6 0.8 1
Bs— Jiwo 1,
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MisceLLauneous

UL IR BN LU IR I LI EULEN B
BJ — u*u~ MC w/o BDT reweighting
BY — wu- MC with BDT reweighting

e 2012 Background-subtracted data
— reweighted B* — J/w K" MC

ATLAS
\s=8TeV, 2.7 b’

llllllllllllllllllllllllllllllllllllll

IIIIIIIIIIIIIIIIIIIIII

TTT

ATLAS Simulation

Illlllllllllllllllllllllr

. Peefeegtente g fttsset,pototosevtonriton,s G‘o‘.“ ;‘** mh

'_. . ) ) ) ) ) 4 ) N
%025 0.3 035 04 045 05 055 06 065 0.7
BDT output

| | | il l l [y o |
00.25 0.3 0.35 04 045 0.5 055 0.6 0.65 0.7

BDT output

T I 1 T T T I T T T 1

—— reweighted B,— J/y¢ MC trigger cat. T,

u’llllll

ITIIIIIIIII

Partially reconstructed decays;
BB - o K*

B® — J/y K*°

s B - Jhy p0

B > Jy K

B" — Jiy K**

B = Jy p*

7t = B B > Jy K 7

A I P B . - = B Al other decay modes

Events / 25 MeV

ATLAS
\s=8TeV, 2

llllllllllllllll%l_

llllllllllll[lllllllllllllllll-

IIII|lIII|IIII|lI]I|IlII

[ R D o D R SN I G G [ :g Bl -
é_‘- *+ ++++—+—0— 3 SNSRI =

025 03 035 04 045 05 055 06 065 07 5400 5500 5600
BDT output My, k [MeV]
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