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Outline

* Introduction: BSM searches in B-physics
e 2015/16 B —> pt+y-analysis

e B—> py*tp- Run 2 and HL-LHC projections
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FNCN BSM searches in B-physics

 Some B-physics rare and semi-rare processes are mediated by
flavour changing neutral current (FCNC)
* No tree-level SM Feynman diagrams
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e Suppressed SM amplitudes
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* Sensitive to small effects from NP loop contributions

* We can indirectly search for new physics at scales beyond the reach of

the LHC

* Sensitive probe for beyond standard model physics
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BSM searches in B-physics

e green and blue points show the possible effects of new
physics on BR(Bg = p*p-) - BR(Bs = ptp)
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Limit (90% CL) or BF measurement
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B — p+p- state of the art

(as in August 2018)
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B — y*y- analysis strategy

 New ATLAS analysis on 2015/ 16 data
 Measurement relative to B+ —> J/W K+ (normalisation channel)

£ +
o SI/VK

Relative production Signal yields,  relative

of B% and B+ Reference channel BR extracted  efficiency,

from mass fit extracted
PDG
(Hg\lfg\;g\grld ( ) on data from MC

* Blind analysis, mass region around signal peaks blinded

* Overwhelming non-resonant dimuon background
 BDT trained for bbb background reduction
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* Three main background sources

Events / 40 MeV
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B — py*y- backgrounds

Continuum:
* Main background
* Highly reduced with BDT

Partially reconstructed:
* Include several sources
e Accumulate at low mass

Events / 40 MeV
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* Peaking background:
B—>hh" with two fake mu
Small but superimposed
with signal
Mis-identification reduced
using tight muons IS
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Normallsatlon channel

e Extended unbinned maximum

ikelihood fit on B+ mass distribution % s
from data
e N(Bt) =334351 + 0.3% stat + 4.8% 200
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e Simultaneous extended ML fit on 4 BDT bins

* Models:

* Signal, B—>hh: double gaussian

fixed shape, data-
driven normalisation

* partially reconstructed: exponential
e Continuum bkg: poli

* Signal yield:

* Expected: N(Bs) = 91, N(Bqg) = 10
* Found: N(Bs)

Signal yield extraction

.

22, N(Bg)

Events / 40 MeV Events / 40 MeV

Events / 40 MeV

data-driven shape
and normalisation
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Events / 40 MeV

Events / 40 MeV

Slgnal yleld extraction
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BR extraction

Likelihood contours 2D Neyman contours
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* Using the Neyman frequentist approach, including systematics:
B(BY - utu7) = (3.2179957049) x 107 = (3.2114) x 107
BB’ - utu) <43 x 10710 at 95% CL
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B(B® — u* u)[107]

Combination with Run 1

« Combine Run 1 and 2015/16 likelihoods
« Common parameters:
* Reference channel BR
* Hadronisation probability

o Je Exploiting Neyman construction:
1'2: ATLAS —— Run 1 data -
1 —— 2015-2016 data 1 BB = 4ty = (2 8+0,8) % 10~2
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significance: 4.6 sigma
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B —> ptp: Run 2 and HL-LHC
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B(B” — utp ) [107]

Run 2 projection

Based on Run 1 analysis (projection precedes 2015-2016 result)
Increased b production X-sec w.r.t Run 1
Integrated luminosity: 130 fb-

Consider a mixture of different triggers, in order to maximise the statistics
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* Expected ~x7 Run
1 statistics

e Systematic
uncertainties
assumed to behave
as in Run 1 analysis
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https://atlas.web.cern.ch/Atlas/PUBNOTES/ATL-PHYS-PUB-2018-005/

B(B® - p* p ) [107)

B(B® - prp ) [107)
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HL-LHC projections
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Increased b production X-sec w.r.t Run 1

Trigger scenarios considered:

e Conservative: mui0 _mui0

 Intermediate: mu10_mu6
* High-yield: mu6_mu6

Systematic uncertainties assumed to behave as

INn Run 1 analysis

same pile-up robustness as Run 1 analysis

* backgrounds due to

15 bb events
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https://atlas.web.cern.ch/Atlas/PUBNOTES/ATL-PHYS-PUB-2018-005/

conclusions

 B-physics searches can provide important hints on new
physics beyond the reach of the LHC, overcoming the
limits of direct production

e 2015/16 B —> p+y- analysis:
 Combined with Run 1 result
* Most stringent BR(B —> p*pu-) upper limit on the market
 Compatible with SM expectation

e Future B—> p*u-:
e Projections available for Run 2 and HL-LHC
* Several scenarios explored
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BACKUP
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Bs = p+p- at the LHC

from Run1:
o ATLAS: blue contours

e CMS + LHCb combination: grey

contours

XLO_gl

BF(B’ — u*u)

LHCb
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BF(B, — uw)

B(Bs — u* 1) [1077]

«—— from Run2:
%107 * LHCb (Run1 + 2016 data)

no significant deviations from SM (so far)
e keep searching
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M- backgrounds

* Three main background sources

20

Continuum:
* Main background
* Highly reduced with BDT

Partially reconstructed:

Include several sources
Accumulate at low mass

fake mu background:
e Semileptonics included in

partially reconstructed

* Peaking backgrouna

e Next slide

US

University of Sussex



B — p+p- backgrounds - peaking background

> -ttt
S  osF ATLAS Simulation
B—>hh" with two fake p 0 s=13 TeV, 26.3 fb"
2 | F
' o 0.6 +  Blinded region
Small but superimposed E - > =
with signal 0.5¢ = :
0.4F ;
Mis-identification reduced  o03F | E
using tight muons 02F ;
* |Improved of factor 0.392 01E : :
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* Number of expected events = 2
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Bs = pu+ty- BDT
 MVA based discriminating variable, to enhance continuum background

reduction

* Boosted Decision Tree (BDT) same 15 input variables as Run 1

e trained and tested on data sidebands

Variable Description
o
r Magaitod of the B candidate trsnsverse momentuan 51 randomly divide sample in three
Xiv.ov . Compatibility of the separation Ax bci.wccn prod_u.ction (i.e. associated PV) and decay (DV) e q U al SuU b—S am p | es
vertices in the transverse projection: AxT-ZIZ' -Axt, where EG is the covariance matrix. b | . t 't t .
*1 el o -
ARpighe three-dimensional angular distance between 7% and Ax: JVap® + Anp? use su Sam p €S In wrns to train )
la2pl Absolute value of the angle in the transverse plane between p1# and Axt. teSt and eval Uate the BDT
Lyy Projection of Axr along the direction of P2 (Br-ﬁ”)/lﬁ"’l. erformance
PP three-dimensional impact parameter of the B candidate to the associated PV. p
. . _ o . .
(]
DOCA,,,, Distance of closest approach (DOCA) of the two tracks forming the B candidate (three-di- flnal SeleCtlon 54 A) Slgnal efflClenCy
mensional). '
Aduu Difference in azimuthal angle between the momenta of the two tracks forming the B candidate. ( Same as In R un 1 )
|do|™*-sig. Significance of the larger absolute value of the impact parameters to the PV of the tracks 0.2
forming the B candidate, in the transverse plane. 8 ' :""'O""_"""""""_""_"" =
|do|™"-sig. Significance of the smaller absolute value of the impact parameters to the PV of the tracks S 0.18 Bs e MC ATLAS Simulation —
forming the B candidate, in the transverse plane. 2 016 - CB)orhl;ltguum bkg MC B
P The smaller of the projected values of the muon momenta along pr2. qc_) ' - bc_> Wt X MC T .
> - L _]
- - o 0.14 O - Semi-leptonic B° MC P ]
lo. Isolation variable defined as ratio of |p12| to the sum of |p1%| and of the transverse momenta 5 1ok ©) - E
of all additional tracks contained within a cone of size AR = y/A¢? + Ap? < 0.7 around the c 0. - : i
B direction. Only tracks matched to the same PV as the B candidate are included in the sum. 2 0.1 -
DOCA i DOCA of the closest additional track to the decay vertex of the B candidate. Tracks matched ict)s C .
to a PV different from the B candidate are excluded. i 0.08 - =
N:l’;” Number of additional tracks compatible with the decay vertex (DV) of the B candidate with 0.06 —
ln(xfukm,) < 1. The tracks matched to a PV different from the B candidate are excluded. 0.04 - ]
X PV Minimum y? for the compatibility of a muon in the B candidate with any PV reconstructed e ]
in the event. 0.02 —
O - [ PR : 1 L == 1 .
-1 -08 -06 -04 02 O 02 04 0.6
BDT output
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acceptance X efficiency ratio

takes into account relative differences in acceptance, efficiency,

integrated luminosity and selection used for signal and

normalisation channel
calculation based on MC

Ex
oK 0.1144+0.8% (stat)+4.0% (syst)
systematics:
Source Contribution (%)
Statistical 0.8
BDT Input Variables 3.2
Kaon Tracking Efficiency 1.5
Muon trigger and reconstruction 1.0
Kinematic Reweighting (DDW) 0.8
Pile-up Reweighting 0.6
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B*— J/¥Y K" yield extraction

e extended unbinned maximum likelihood fit on B+ mass
distribution from data
* complex MC driven models due to high statistics

S o e —
: Q - A LAS Prellmlnary -
o : < 90000F e 2015-2016 data
SyStematICS. wn 80000:'_ r 13 Tev 15.1 fb1 Total fit result
(Q\ - v« B'= JiyK'
Source of systematics Value[%] & 70000E- — - PRD
. - - = F oy eeees Continuum Bkg.
PRDI1 parametrization +1.7 S 60000~ cm B iy R
PRD2 parametrization -3 i 50000
PRD3 parametrization +1 40000E-
Combinatorial parametrization | +1.7 30000E-
Use B+ Signal Sample +2.2 200005:-
Use B~ signal sample +1.4 10000E-
Weights +0.7 B
Starting point +1.4 = g_ ' '+ ' ' ' + ' +' ]
‘o o w -
PRD composition +2.4 0:}_+_++++§ i**"’H§*+++§ ++{+ ;
Combined 4.8 -2 4 ]
~47775000 5100 5200 5300 5400 5500 5600
My K [MeV]

fit result: N(B*) = 334351 + 0.3% stat = 4.8% syst
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B(B® — u* u)[107]

B —> mumu - combination with Run 1

1.2

ATLAS

l..
h.
.
'N.
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v
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Run 1 data

2015-2016 data

—— Run 1 + 2015-2016 data

LHCb Run 1 + partial Run 2 data

Likelihood contours for
RRUE 2 Aln(L) =2.3,6.2,11.8
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B — y*u- projection

* uncertainty on BRs obtained from projections:

B(BY — putpu™)

B(BY — utp™)

stat [10719]  stat + syst [107!'°] stat [1071°] stat + syst [1071Y]
Run 2 7.0 8.3 1.42 1.43
HL-LHC: Conservative 3.2 5.5 0.53 0.54
HL-LHC: Intermediate 1.9 4.7 0.30 0.31
HL-LHC: High-yield 1.8 4.6 0.27 0.28

e systematic uncertainties become relevant in Bs measurement
e expected improvement, but hard to estimate

e expected analysis reach:

e comparable to CMS and LHCDb’s
* complementary to B-factory experiments (Belle Il)
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