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Study of the decay Bg — K* (= K*+m) gt

Search for Bs = ptu-

Conclusions
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THe ATLAS DetecTOR
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ATLAS Dara Taxking
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di-muon trigger selection
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STubpyY OF THe becay B, — K*(— K'w’) p*p-

|

| |
i viotivation
|

’
~ "\_J
AT
) —

o ;/1. ~, relatively small SM BR =1.1* 10°°
==—"1,.  provides exclusive final state for
0— s + |*l- transition
only loop-mediated within SM

Observables sensitive to NP:
Lepton forward-backward asymmetry - Ars dAT

K*0 longitudinal polarization fraction - F.
2 *
(hadronic uncertainties drop out - at some order) dq* dcos 0y d cos Ox+ de

Measurement:
differential angular distributions of the 4-particle final state as a function
of di-muon mass (g2)
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Bo — K*(— K'w’) u*y” pecay & anaLysis meTHoD

i_‘
|

i%- = - ’ , — = | = —— = _ — ' e

AIneématic opbservables: | Vieasured anguiardistrioutions:

" 3angles (B, 6k, O) | insufficient statistics 2 out of 3angles”
differential decay rate l

1 &r 3 3
l T dgdcostx 2 5%k + 3(1 = FL(@"))(1 ~ cos*0xc)

1 d°r 30— ;
qu"’dcosoz a Z(l e
3
g(l —FL(qE) I(l + 608291) -i-EF}_;(q5 Icosoz

JAT <Arg> & <F_> extraction:

da2 d 9. d N, extended unbinned maximum-likelihood fits
q//0/c080p A COB LK+ GO 1-D fits in bins of g2 to mass and the 2 angles O, , Ok
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Bo » K*(— K'm) p*u- sicnai vieLp

rconstraints’on ' measurement:
<< 2GeVs,limited statistics due to trigger acceptance

2Xperime al veto on J/U &\

- 8.68 <(0g?<10.09 J/— ptp (30)
© 12.86<g%?<14.18 Y(2S) 2P utu (30)

to remove radiative c-decays and remaining J/ & Y(25) in tails :
- cut | (m(Bd)rec - m(Ba)rpa) - (M(p+p-)rec - m(cc)ep)| < Am

ATLAS-CONF-2013-038
Ba mass likelihood fit :
cut based selection optimised on MC
Gaussian for signal
(with per-event errors)
Exponential for the background
K*0 accepted if m (K+mr) € (846,946)MeV

220~ ATLAS Preliminary Vs =7 TeV
200E- 0.04 GeV? < ? < 19.00 GeV? j Ldt=4.9fo"

—e— Data

Signal fit
--==. Background fit
-~ Total fit

Events / 40 MeV

° Nsig — 466 ar 34

e Npkg=1132+43 4900 5000 5100 5200 5300 5400 5500 5600 5700

m(Krpup) [MeV]
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Bo » K*(— K'm) p*u- LikeLiHoOD FIT

ATEAS-CONF220 5205

ATLAS Preliminary \s=7TeV
.30 GeV? < ¢ < 8.68 GeV? j Ldt =4.9 b

performed sequentially
1. fit mass distribution, & fixed signal yield 50
2. simultaneous unbinned mass-angular fit 40
(a la“BaBar”) 30

20

70
60

—e— Data
— Signal fit

-« Background fit
— Total fit

Events / 40 MeV

_+_

10

done separately in each of 6 g2 bins 43005000 5700 5200 5300 5400 5500 5600 5700
m(Knpp) [MeV]
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Bo — K*(— K'w) p*u-, <Ars> & <F.> FIT RESULT

& 1—1 | O ‘I 1T ¥ ‘[ 9 8 9 ‘l’ | B O} "’ | B Bl J | | B B ] I | B IO ] T T & 1 T T 5 1 | o 5 8 L l‘,‘ 1: ] l ] L] ] LA l LI I LI I LA I LI B ' ] 11.;] I LA J l LI B E
< ATLAS Prelimina s ATLAS Prelimina eory ]
0.8 v 3 0.9F Y e ATLAS E
0.6 * = 0.8f BaBar E
- l » z l —=— Belle 3
0.4 | + l r 0.7 3 | —ea— CDF =
- n . —=— LHCD -
0.2} + *6 * - 0.6 T l -
] —+— s | .
Of- ¢ = 0.5 =
-0.2H " Theory -] 0.4 i-r %
el —e— ATLAS : + I E
0.4 - BaBar - 0'3;:T S .
-0.6 Is=7 TeV —=— Belle -] 0.2F Vs=7 TeV =
" —e— CDF : ]
0.8¢ j Ldt=4.9 fb” —=— LHCb 0.1F det =491 E
-1 ol WO l - l L AL l LA 1 l SN BTEEre BTN 1 11 1 l g 9 o /¥ g9 ¢ 0 : Ll l S Y S l i l Lo a s o l ra o bl l - l -} ;
0 2 4 6 8 10 12 14 16 18 20 0O 2 4 6 8 10 12 14 16 18 20
2 2
Theory: C. Bobeth, G. Hiller and D. van Dyk, arXiv: ¢ [GeV7] q° [GeV9]

g range (GeV?) Niig Arg FL
Flt RESUItS: 200 <q* < 4.30 19+ 8 022+0.28+0.14 0.26+0.18 +0.06
430 < g* < 8.68 88+ 17 024+0.13+001 037x0.11+0.02
1009 <g* <1286 138+31 0.09+0.09+0.03 0.50+ 0.09 + 0.04
14.18<¢* <1600 32+14 048+0.19+0.05 0.28+0.16+0.03
1600 <g*<19.00 149+24 0.16+0.10+0.03 0.35+0.08 + 0.02
1.00 < q2 < 6.00 42+ 11 0.07+£0.20+0.07 0.18+0.15+0.03

statistical uncertainty dominates
ATLAS measurementin

agreement with SM

ATLAS-CONF-2013-038
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SearcH For Bs — u*y-

(‘ viotivation
SIVl) nelicity suppressed FCNC
= strong QCD-free constraint on NP A
" gent Yukawa interactiot vt AN
EW precision test (wrt.Z penguin) 4 ERS e

»

e
JI1OpDc U

Recent results Evidences of CMS+LHCb combined:

very consistent with SM
hope for > BR due to NP
(pseudo-)scalar op.
room for NP also in:

- destructive interference

between NP and SM
« BR << BRsm 77?
- waits for LHC RUN Il data

BR (Bs— pru)=(29 =0.7) x10°
BRsm (Bs = ptu) =(3.23 £0.27) x10°

™~
o
i
=
+
=1
©
2]
0
)
I
-
2
)

LHCb: arXiv:1307.5024
CMS: arXiv:1307.5025

Buras et al., Eur.Phys.J. C72 (2012) 2172

20 30 40 ol

10 x BR(B, — p* 11~ ) D. Straub (arxiv.1205.6094)
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Bs - STRATEGY ATLAS

(’ Alld /SIS —edtlre

OO ENAlySISLECHTIGUEEED S51gNal IMass region eXcluded (X 50U Iviev

' sldeband events — splitin 1/2<
- éven # events = bkg. Interpolation, odd # = selection optimization

Viultivariate anc Is (BDT

Relative BR measurement;:

- reference signal decay = B+ = J/{ K* (large stat.)
- partial cancelation of syst. uncertainties on lumi, cross-sec, efficiencies

s | B(Bs = ptuT) = Np, ot X

. efficient di-muon trigger
- > 4.9fb1 (2011)

e e e —_— e e

(€tot X Atot) B+ —J/PpK+

Monte Carlo

(Ctoe X Asoe) = NSELECT & RECON (etot X Atot) By—putp—
NGENERATED
derived from simulation
“calibrated” on data fu
systematics taken from data-MC XB(B+ — J/¢K+) X f_
discrepancies PDG, LHCb 8

ATLAS-CONF-2013-076
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s — UTU" siGhaL & BacKGROUND

signalextraction:
" "Npsi1sa CLs Iimitderiveaftrom:
| 2 ||It“3 rotng’

|

ATLAS simulation

Vs=7 TeV

Arbitrary Units

’17 rea. g v NE B 14 N v
J ojge)]d J € U 0 =010
@ @ @

Ng+ is an unbinned extended maximum-likelihood fit

NBB'_)”-'-M— x e s Lovbas s,

Np+_45/pK+

5400 5500 5600

Invariant mass [MeV]

Background composition:

resonant: B = hh' (K/m)
. ‘fake’-muon rates (MC) n+/ K+ /K- ~ 2.1/4.1/3.3 %o
« 0.3 B = hh' events expected in the signal region

continuum: non resonant bb = p*p- X
- smooth in dimuon mass
- sideband interpolation (even # events)

ATLAS-CONF-2013-076
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'Bs = Y*" BACKGROUND DISCRIMINATION

(Continuum discrimination:
130 rforming discriminating variables C n by MVA
BDT shown as most powerful event classifier
- trained on MC %
plots show Data/MC agreement of pointing angle a,p and Isolation lo.7 PV
(among most discriminant variables)

pT(Bs)

vvvvvvv
- T T

= ATLAS Preliminary —— 3?:6:;?: da)t(a
- Hp

:_\S =7 TeV (] MCsignal

~ —e— Sideband dala
= MC bb to uuX
(] MC signal

11 11 ll | ll lll

ATLAS Preliminary 1 J Ldt=491b"
Vs=7TeV

Jde=4.9 b’

L

-llll 1 llllll

Data/MC
Data/MC

0.8
Isolation (I0.7)

ATLAS-CONF-2013-076
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Bs — u*u- BDT serLecTion

i, Selection‘optimisedin’Zb space (Am;q):
| o M:ﬂwwncnn width

q = BDT output (event classifier
odd-numbered sideband events and signal MC used

ATLAS Preliminary
MC signal * (s =7TeV

¢ Sideband data

Working point (Am,q):
= max of Punzi estimator
» P (Am,q) = &sig / (1+vNpxkg)
(@95% CL)
&ig calculated directly
on simulated signal events

—
T o
<
o
~
)
2
—
—
C
w

_[ Ldt=49fb"

Nbkg in sig. region estimated from

sideband data 06 04

cut q >0.118, |[Am| < 121 MeV BDT output

ATLAS-CONF-2013-076
Krakow, Poland | 29th May - 3rd June 2014 Jaroslav Guenther 14




B: — u*u- Rererence Decay YieLbp

‘__._ - — > ’_I T I TIrrrT I' rqrrr ‘[ TIrrr ] TIiIry ] Trora l TIoIla [ TIrrr ‘l T t_‘
o)) = -

" }\J:-}. -Jyly_ﬂ., a‘ssrﬂsw,rJ : f_) 3000:_ ATLAS Preliminary _:
| R k- [ , L ) | > - Vs =7TeV :
| o Dy Unbinned maximum likelihood fit g 2500;_ JLdt=4.9 . _;
or-eve : the : :

- : SRESN |0. Ui - 2000 —4— Data -
selection as close as possible to Bs s00f - Sonal s badgoundli -

— s - JIy K signa -

same Bs-trained BDT used : - B iy " background

. . 1000 s N e Other backgrounds T

to min. systematics : .
main systematics from varying continuum R Y E

background fit models 0820 30 4050 80 703
om . [MeV]

% L3 I T T VT ] L B A ] L B ) ]' LA AN B ] T T ‘[ T rrTr ] E

= 4500F ATLAS Preliminary —4— Data =

g 4000 \s =7 TeV — Signal + background fit _E

P w B = Jiy K signal R

+ +. -\t .. £ 3500 J-Ldt=4.9 fo s e o =

— _} _} — ° C - B — J/y x" background
B J/lp ( p u ) K yleld b :>j 3000 | e Other backgrounds

Np+ - J/P (2 p+p-) K= =
15214 = 1.1%(stat) £ 2.4%(syst)

I1ITII 11[771][7171IFTTI[IYTTITITTITT‘T]TFII]TIIL
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ATLAS-CONF-2013-076 my. [MeV]
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Bs = Pty lox opening

‘a Nx :nsu.x.&bn :

) G, =0 ) = 0 -‘I 3
=2 ) = M iwr e NS
.-mywnmsmu A

L ke a (fttXAtt)B_;+—
Systematlc uncertainty dominated by stH uf
/)

reference channel BR contribution XB(BT = J/YpKT) X 7

acceptance and efficiency ratio -
Npkg €Xpected in signal window = 6.75
Nobs in signal window = 6

il

CLs @ 95% CL :
BR(Bs = p+tu)< 1.6 x 109

s > MU . -9
New ATLAS result on 2012 data soon ! Sl o s Sl

T 1 ' ' Y | Y 2 Y I ' 12 Y T Y 12 Y - — T Y rTee o Y Ty v
-

o

ATLAS Preliminary  \s=7TeV

—4— Observed CLs
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8
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w

f‘[l‘rT‘]

rTﬁrroEW.‘:

e Dala ILdt=4.9 o'
—— B, - pu MC (10x) i

0 |

4800

L LT B 5 9 o I}l o ‘% P— Yy
5000 5200 5400 5600 58'60
m,, [MeV]
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Expected CLs - Median
- Expected CLs ' 10
[ ] expecreacrs =20

lllll'll — . | l'lll LAl 'll.

L llllll

4 5
BR(B] — p*w) [107]
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ConcLusions

+

ATLAS has high quality b-physics program
search for the rare decay Bs = pu+u-
v~ ATLAS-CONF-2013-076
angular analysis of the decay Bg = K0 (= K*+m) ptu
v~ ATLAS-CONF-2013-038

Improved analysis techniques are being developed

Plans:
v~ Publish result on the full 2012 dataset (>20fb-1) ASAP

stay tuned !
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BACKUP SLIDES

Krakéw, Poland | 29th May - 3t June 2014 Jaroslav Guenther 19



ATLAS TRIGGER

Trgger .- .
EF_2mud_DiMu ATLAS Pre“mmary
| EF 2mud_Jpsimumu
| EF_2mud_Bmumu
EF_2mud_Upsimumu
’ - EF_mudmub_Jpsimumu \(18)
V(ZS) [ EF_mudmu_Bmumu i
B EF_mudmub_Upsimumu Y (23)
' ) Y (3S)

—a— EF_mu20

>
o
=
o
wn
~
wn
L
-
c
w

L

Ldt~23fb"

di-muon trigger event selection :

5 fb-1 ~ 150G BO—pairs, ~ 30MBs = J/p ®

specific dimuon selections with Barrel/Endcap logic introduced in 2012
new dedicated p+p-X trigger introduced in 2012

B-physics trigger (mu4mu4) thresholds unprescaled during 2011
despite the increasing instantaneous luminosity
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Bs — U*" evenT ReCONSTRUCTION

|

| >Ignal candidaate selection

|
2,3 or4prong vertex constraint depending on decay tc
Primary vertex selection:
- Closest in z to the B candidate
- Re-fit excluding B daughters
Tracks:
- At least 1 pixel, 6 SCT and 9 TRT hits (good tracks)
n| < 2.5 and pT > 4 (2.5) GeV for muons (kaons)
- tracks from the tracking systems matched to muon spectrometer tracks
B candidates pT > 8 GeV and |n| < 2.5
- Events selected based on their decay topology using many discriminating
variables

Krakéw, Poland | 29th May - 3t June 2014 Jaroslav Guenther 21



Bs — U*U" SeL. OF DISCRIMINATING VaRIaBLES

i, Discriminating variables:

Highest discriminating power
Exclusion of highly correlated variables

Only variables not correlated with invariant mass were taken

Exploit PV-SV separation (Lxy) , symmetry of the final state (d0) , pointing
angle, b-hadronisation features (isolation, pT of the B)

SV L do

Krakéw, Poland | 29th May - 3t June 2014 Jaroslav Guenther 22




Bs — U*U" DISCRIMINATING VaRIABLES

transverse plane of the B decay products relative to the primary vertex

Variable Description Ranking
Lyy Scalar product in the transverse plane of (AX- p*)/|p}l l
o7 Ratio of |ﬁ’f| to the sum of |ﬁ’f| and the transverse momenta of all tracks with .
isolation pr > 0.5 GeV within a cone AR < 0.7 from the B direction, excluding B decay products ~
laap| Absolute value of the angle in the transverse plane between AX and p* 3
pi Minimum momentum of the two muon candidates along the B direction .
Py B transverse momentum 5
ct significance ~ Proper decay length ¢t = Ly, x mg/ p5 divided by its uncertainty 6
V2, 2 Significance of the separation between production (PV) and decay vertex (SV) 7 13
Az A XY T n I oo ) .
AXT. ((rj\‘,) - AX, 1n z and (x, y), respectively

D, [min, |, [min Absolute values of the minimum distance of closest approach in the xy plane or along z Q 1]

W of tracks in the event to the B vertex ’
AR Angle \(A®)?> + (An)? between A¥ and 5* 9

g / /

o™, o[ Absolute values of the maximum and minimum impact parameter in the 0. 12
Uy s [ s 14

Krakéw, Poland | 29th May - 3t June 2014
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Bs — LU*U" 1soLaTion VaRriaBLe

| , ]
isolationd with PV assodiation, 'DATA

| — — e e | | |
‘ I. r ] - ' r J 7 N ’r l:_., I solation without PV association, DATA
Ao01aliVilivaliaiICe 2 0. i A .
¢ isolation with PV association, M(
' ‘ : . isolation without PV association, MC
' B 3:‘»«? BB n‘o}-w D BB .
@ ‘ - o D~
L
o

.0 * ¢>‘f‘

- Tracks with pT> 0.5 GeV excludi
daughters in cone AR< 0.7

¢

AR =/(An2 + Ag?) %, An.\%s= sr%i\r/ninary
det=4.9 fo

Only tracks associated with the | T

corresponding PV are taken to avoid . L

. . . E - 'WH PR FRTE FERE FETE FUTE FRwy fuws .“11“1
isolation cut efficiency to depend on pile-up 05 468 1012 14 16 18 20 22

Mean number of interactions per crossing
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B: — u*y- (acceprance x eFFiciency) rRaTio

\
\ | )
“LOLvJID ! p } 25 4% '

(iwﬂ N jxwz).:jJ—"‘Ji;J

Determined on reweighted Bs and B+ MC samples wrt the fiducial volume

Systematic uncertainties:

- Dominant contribution from data-MC discrepancies of separation variables
- Main discrepancies come from : Isolation and Lxy
- Isolation is B-flavour dependent

- Lxy is correlated with the vertex reconstruction (— with other discriminant
variables) but is it B-flavour independent

Channel AXe Rye

B* 1.317 + 0.008% (stat)
B 4.929 + 0.084% (stat) 0.267 + 1.8% (stat) + 6.9% (syst)
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Bs — u*U- systemarics on SES

‘.3-.0 SUMm '.'VQJA ES/SES uncerte
SES statistical uncertainty of 2.1%

description contribution
PDG branching fractions and f;/ fa 8.5%
K* tracking efficiency 5%
vertexing efficiency 2%

K* charge asymmetry. in B* — J/yK* 1%

B* — J/yK* yield 2.4%
Rae 6.9%
total (comb. in quadrature) 12.5%

contributions from backgrounds:

- background interpolation from sidebands = 4% on Rbkg

- B = hh'negligible
Mainly contribute: BRref and fu/fs , acc-vs-eff ratio (data-MC discrepancies), K
tracking efficiency

Krakéw, Poland | 29th May - 3t June 2014 Jaroslav Guenther 26



Bs — LI*U" UPPER LIMIT €XTRACTION

L = Foisson{ 3;;3_:}, Vbkg + 1V B—hh ) FO1SSON(/ “}’J plbkg IVbkg) X

Nels 2l *
) '

bkg

R=Ag/Ag
the expected UL is calculated assuming the number of events in the signal region as

the number of expected events obtained from the sideband interpolation (6.75
events):

peeking background negligible, but included in the optimization procedure and in
the upper limit calculation

,0¢) Gau bkg> O Ry,

quantity value

N+ 15214 + 1.10% + 2.39%
Rae 0.267 + 1.8% + 6.9%
SES (2.07 £0.26) - 10~°
Re% 1.240 + 0.050

Nop BBV 6.75 | 6

Niko.sB 8

Ng_shh 0.30
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Bs — U*LU" anaLysiS FLOWCHaRT

ANALYSIS FLOWCHART

ATLAS-CONF-2013-076
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Bo — K*(— K'm) p*y- sasevine curs

Anna Usanova

¢ Baseline:
¢ Pr (n) > 3.5GeV

¢ |n|<2.5 for all tracks

¢ v?/n.d.f(up) <10
¢ 846 < M(K*) <946 MeV
¢ py(K)>0.5GeV

reconstructed

¢ pr(m)>05GeV BY momentum

¢ J/w, W'(2S) regions are excluded

o L~ secondary vertex
pointing angle ©* (B decay)
reconstructed

¢ Selection (cut values are optimized): -~
By d.o.f

¢ T/At (Bd) >12.75

¢ cos(0) >0.999
¢ ©¥/ndf (B )<20

¢ pp(K') >3GeV

¢ |(M(B) -M(B) )-|M(uw -M(J/P) )| >130MeV ”

ATLAS-CONF-2013-038
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Bo — K*(— K'm) p*y- FIT sTRaTeGy

2) mass-angular simultaneous fit performed on the signal events from the
previous fit (fixed mass)

Done separately for each of the 6 g* bins

The procedure checked to give the same results as single-step fit except the
lowest g2 bin (included in systematics there).

1 —(m; —m33)2
Msig(miaémi) - \/%Sm(sm' exp ( 2(3m5mi)2 )
N
L= l_[ [Nsi - Msio(mi, Om;) + Npcke * Mbpck (m)] Y% (m;) = e~ AT
% 4 S12 1y Yim; CKg CKg l ’ bckg 1
S

ATLAS-CONF-2013-038
Krakéw, Poland | 29th May - 3t June 2014 Jaroslav Guenther 30




Bo — K*(— K'm) p*y- FIT sTRaTeGy

F

NoBe ' '
."o-‘.g .bi"_“\‘)( oy M) f!; w‘i:&)’):, L) f!;) "‘-‘fa&-‘)dd :))‘

Signal PDFd: 4, . (cosy) = %FL(qz) (1— cos®01,) +

% (1—Fr(g*)) (1+cos®OL,:) + Ars(g°) cosOL i
.AK,sig(COS 0}(,5) — g—FL(q2) (3082 9}(,,' -+ -Z- (1 - FL(qz)) (1 - CO.?»2 0}(,5)

Background PDF - linear combination of Chebyshev polynomials (to 2nd order)

ALk)bkg = 1 + P1r(x) €08 0Lk, + Park) (2c08” O (x).s — 1)

detector and selection effects on the angular shapes taken into account via the
acceptance functions o (cos@y ;), ax(cosfxk.;)

ATLAS-CONF-2013-038
Krakéw, Poland | 29th May - 3t June 2014 Jaroslav Guenther 31




Bo — K*(— K'm) p*u systemaric

Chebyshev polynomials —
Contribution of B+ = p+u- K+ events Negllg!ble.sources:
- estimated by removing potential Contribution from S-wave
B+ — p+u- K+ candidates (Bd _' K"".T' H+-)
Angular acceptance effects Contribution from
- Mainly from limited MC statistics Bs = O(— K+ K-) p+p-
- Various signal angular shapes tested Background mass shape
Sequential fitting approach Possible bias due to
- Non-negligible effect only angular fit approach

in 2.00 < g2 < 4.30 GeV2 bin due to low statistics  (neglecting correlation)
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Bo » K*(— K'm’) u*y LIKELIHOOD FIT - OTHER BINS

1.00 < g2 < 6.00
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Bo » K*(— K'm) p*u" LIKELIHOOD FIT - OTHER BINS

2.00 < g2 < 4.30
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Bo = K*(— K'w’) u*y" LIKELIHOOD FIT - OTHER BINS

10.09 < g2 < 12.86
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Bo » K*(— K'm) p*u" LIKELIHOOD FIT - OTHER BINS

14.18 < g* < 16.00
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