Rare and Semi-rare
Decays in ATLAS

ATLAS Iskander |bragimov
EXPERIMENT a g{gggﬁSWAT ATLAS

P Center for
p ) Particle Physics

Siegen

European Physical Society Conference on

High Energy Physics SPONSORED BY THE
PHYSICS :
AT THE Ghent, Belglum % Federal Ministry
- of Education
A JUIy 1 0'1 7 201 9 and Research

SCALE

Helmholtz Alliance



d Outline

e Angular analysis of B® -K*Ou*u-decay [JHEP 10 (2018) 047]

e HL-LHC prospects for B® -K*u*u- decay [ATL-PHYS-PUB-2019-003]
e BYs — p*u- analysis with 2015 and 2016 data [JHEP04 (2019) 098]

e BYs — p*u- prospects for HL-LHC [ATL-PHYS-PUB-2018-005]

e Summary
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BY — K*0u*u-: Overview €9
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forbidden in SM at tree level, loop-suppressed FCNC decay

- BR ~(1.03£0.06) x10-°

- differential decay rates and angular distributions sensitive to NP
- LHCDb reports up to 3.40 deviation from SM

angular distribution is analysed in bins of g2 = [m(u*u-)]? as a function of 6., 6k and ¢

K*0 longitudinal polarisation fraction F. and
angular parameters S; are extracted from the fit

(o
to distributions of mkmy, cosBk, cos6Land ¢
reduce theoretical uncertainties with Si — P;0) ‘7\

. 7,
transformations S

low statistics — use trigonometric folding (e.qg.
for FL, Sz, Ss, P's: ¢ —-¢ for ¢p<0, 6. — 11-6. for
0.>11/2) — 4 sets of fits for 3 parameters (FL, S3
and one of Si=1573) for each g2 bin

EPS-HEP2019, Ghent, 12-07-2019 Iskander Ibragimov, University of Siegen 3



",_ BY — K*Ou*u-: Signal Selection A@)S

EXPERIMENT

control regions

e full 2012 data - 20.3 fb-' Run 1V 8 TeV (extraction of mass peak parameters)
/ \

® single, di-, and tri-p triggers ¥ X

® acceptance and mass cuts .q) Jy v(2S)

- pT(p,m,K)>(3.5,0.5,0.5) GeV, |n|<2.5
- m(KTr) € [846,946] MeV
- m(Kmuu) € [5150,5700] MeV

- shorter left SB to cut out B — ppX PRD °'&\“ A 'q]['f;ew]
- g% < 6 GeVZ: radiative tail of J/Y[—J/py]K* above g2 € [0.04, 6]\[0.98, 1.1] GeV?2 —

signal region (787 events)

x10°

e combinatorial background suppression:

- pT(K9) >3 GeV, 1/0: > 12.75, cosB > 0.999, x4/n.d.f.(B%) < 2
® other backgrounds
- atcosB. ~ 0.7 : B — DYD*X — K11, KK1T (— Vveto around D% D* ) masses)
- at cosBk ~ 1 : fake K* (combinatoric K1r) candidates and B* —K*/mr*u*u-
- systematics: difference when fitting [-1, 1] vs [-1,0.9], veto around B* mass
e handling of multiple candidates

- best x? or smallest |[m(K1r)-mppg(K™)| / a(m(KTT))
- residual mis-tag fraction ~11% (Sa4 5,9 dilution), corrected post-fit
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BY — K*Ou*u-: Results )
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¢ |argest deviation ~2.70 from DHMV model for in P's and P's in g2 € [4,6] GeV? bin
® results consistent with other experiments
- deviation in P's coherent with LHCb measurement

[all comparison plots incl. references in the backup]
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" BY — K*Ou*u—: HL-LHC Prospects (3 ab'U@

ATLA

EXPERIMENT

® o(Mkmuu) = 0.7X o(MkmuuRU" 1) expected —
iImprovement in S/B separation
® Oppb~1.7x oppUn1 (8 TeV — 14 TeV)
® 3 trigger scenarios considered: o
- 2MU10 — ~50 x NRun1
- MU6 MU10 —~160 x NRunf
- 2MUG6 ~250 x NRun1

e pseudo-MC experiments based on Run 1
signal and background angular
distributions

—

® same fitting procedure as in Run 1

e better fit model and knowledge of
exclusive backgrounds expected

- scaled corresponding systematics
by ~1 Lint

2 —— ATLAS Preliminary
. {s=14TeV, 3000 f5"
—  Projections from Run 1 data
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ATLAS JHEP 10 (2018) 047
CFFMPSV fit

theory DHMV

theory JC

[ ] ATLAS HL u10u6
] ATLAS HL u10u6 (stat. only)

0o 160 x NRunt | =
Of- =
~0.5F =
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B | | | | | | | | | ]
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® precision in measuring P's improves by
~9X, ~8Xx or ~5X

e expected to be still dominated by
statistics
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|.‘ BOs) —u*u: Introduction @)S

EXPERIMENT

e strongly suppressed and precisely calculated in the SM: o
- BR(B% — u*p) = (3.57 + 0.17)x1090) [PRL 120(2018) 011801 = Powerful indirect search

- BR(B® — p*p) = (1.06 £ 0.09)x1010 [PRL1122014) 101801 107 NEW Physics

e Run 1 CMS & LHCb combination

"""" o Amas - BR(B% — p*p) = (2.8%07.06)x10°
ls=7TeV, 49" 7 - BR(B? — p*pr) = (3.9*16.4 4)x10-10

\'s=8TeV, 20 fb™
=

0.8

7

0.6

68.27%

e ATLAS Run 1 result
- BR(B% — p*y) = (0.9*11.68)x109

0.4

7%/
99.73%

B(B° — u* u)[107°]

02 \ » - BR(B® — u*pr) < 4.2 x 1010 (at 95% CL)
i - compatible with SM at ~20

— Wm S 10~ [PRL 118(2017) 191801]
i Contours for -2 Aln(L) = 2.3, N f\ 0.9 Sy LN N
ATLAS _ _ ] E
_(_)_2&‘ 6.2, 11.8 from maximum of L  _| +i 08 LHCDb 3
R e e e e St S
B(Bg — u* 1) [10°°] 2 8?: RB’U h2015/6 :
e Run 1 + 2015/6 LHCb result =3 E
- BR(B% — p*y-) = (3.0£0.6%0-3.92)x10-° 03k E
- BR(B® — p*u) <3.4 x 1019 (at 95% CL) 02 E E
0.1F =

all LHC results consistent with SM (so far) 0 —— 3x10™
(value BR(B% — p*p) = (3.65 + 0.23)x10 [PRL 112(2014 101801)] has been used in the analysis BF(B(S) — utu)
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d BY%s) —u*u: Analysis Strategy @

e relative BR measurement (to B* —J/@wK* reference channel)

- partial cancelation of uncertainties (luminosity, cross-section, ...) /

B(Bly— ' 1) = Nagsy) X [B(B* — JIYK") X BUr — p*u7)] %

yd 7

BOs) yield from

Dhorm = NJ/WK+(X

Er/wkt
UML fit to m,, data / / /v

B* yield from UML
fit to MupuK data

|
Ju o
fd (s) D norm

Eptp-

prescaling factor

e use 'Tight' muon WP to suppress mislD hadrons
e blind myy mass range [5166, 5526] MeV
e use BDT against combinatorial background

ratio of effici‘encies
evaluated on MC
tuned to data

e check Data/MC agreement on B* —J/pK*and B% —J/pg¢, p—K*K-

e signal extraction with ML fit over my in four intervals of BDT

e use Neyman construction to improve statistical treatment of the result
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e} B%s —p*u: Non-resonant Background A@)S

EXPERIMENT

------------------------------------------------------------

e combinatorial from real muons
— dominant source
— mostly from bb — p*u-X

background
u-

signal

[ .

- modelled with dedicated MC - B.
€/

small mass dependence over entire search.
\ region;

~ ’

-----------------------------------------------------------

- E O OE N W W N W W E W W EEEE g

expectation based on PDG' BRs and integrated luminosity:

-------------------------------------------------------------

b — cuv — s(d)uuvv
- B*: — J/yu*v — pEfu*u-v decays

-
i

) v S L L L L L B
e partially reconstructed B — yuX decays i 2 L ATLASSimulation _
- same vertex, e.g. BO — K*pp  Q  [FpV/s=13TeV,26310" [Jo—wwx
— semi-leptonic decay cascades L2 : Bl 5. cecays ]
E Cl>) |:| Semi-leptonic decays
T

e semi-leptonic B) — phv
— hadron misidentified as muon

- BY —» mmu*v, B% — Ku*v, Ap— puv

—h
l

’--------------------------------.~

- | L PR R
4800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]

-------------------------------------------------------------
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d BY%s) —pu*u: BDT Discriminant A@l

EXPERIMENT

8108?'|"'|"'|"'|"'|"'|"'"'|'§
: : : ' - —— B{—>u W MC ATLAS -
® against combinatorial background = 107 ContinumbkgMC Vs = 13 Te, 26.3 fb™
. o = 6L ¢ datamass sidebands . -
e 15 variables used for training g :
10°g : E
- topology of reconstructed B-decay oE : E
- properties of muons Pk - b
- underlying event Td= i 4
® split mass sidebands into 3 subsets 10% T ?
. .. . 1 :
- unbiased training/evaluation of 3 N T?
iIndependent BDT's -1 -08 -06 -04 -02 0 03 04 06
o : . BDT output
- similar performance of BDT's . ;oo O
[9) =L N U L B
® signal sensitive region BDT>0.25 S 0.48L — B~ wwMC ATLAS Similation 3
o o E 0 16:—_ Continuum bkg MC : . range Of
- Esig = 54%, €bkg = 0.03% g A0 BMe _)‘ signal

E’ 0'14:_ ------ Semil-kle:;tonic B:’S) MC _E : . . E eXtraCthn
© 0.12 C ' =
c : ! i ' _
2 01 i : =
© Z 1 ]
e suppresses other background - 0-08F- | E
components as well 0.06F E
0.04F . E
0.021- N —~
O:" R P S NN NS T
-1 -08 -06 -04 -02 O 02 04 0.6
BDT output
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al BCs) —ptu-: Peaking Background B — hhiE)

EPS-HEP2019, Ghent, 12-07-2019

both h reconstructed as y mainly due to
decays in flight

from simulation studies:
B% — K*K-, B® — K*1t, B% — 11*11 decays

low rate but B® — py*p--like topology

use 'Tight' y working point: misID reduction
by x 0.392 with €, = 90%

final P(misID) = 0.08% (K*), 0.1% (11%),
<0.01% (p)

signal region yield obtained inverting 'Tight'
U selection: Npeak bkg = 2.9 £ 2.0 events
— cross-checked with simulation

— split equally among 3 BDT bins in the
signal fit

Events / 40 MeV

Events / 40 MeV

ATLAS
:l T T T | T T T | T T T l:
O.8f— ATLAS Simulation _f
- {s=13TeV, 26.3 b ]
0'7;_ — Total B — h h' 3
0.6 ' Blinded region 0 N
— | i - B —= K°® _
05E < > S
~E ! | —B; > K'K
0.45— . E ,,,,,,,, B — _E
031 | Bk ]
0.2 : =
0.1 R =
— R L B L _- . T |:
91800 5000 5200 5400 '5600 5800
Mags of two misidentified muons [MeV]
_l T | T T IE | T T T | T T E T | T T T | T T ']
- Bi—uwNC ATLAS Simulation :
20 —— Double Gaugsian fit s=18TeV, 26.3fb" —
B » B = utw I\EIC ; ]
| —— Double Gaugsian fit e i
10 -
} m. E_. -
91800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
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al BOs) —p*u: Reference/Control ChannelsA@

EXPERIN

: . e S 1L ATLAS . cowwedas

e B* yield from UML fit of myuk distributions o gL (5=13TeV. 151" Total it resut 5

ST E e B*— Jhp K =

- shape parameters obtained from simultaneous g 1 — Q?&%?Qé&%%%”ys E
fit to data and MC samples of sig. and bkg. ht

e data/MC discrepancies dominate systematic
uncertainty on g,u/euuk ratio
(3.2% out of the total 4.1%)

Pull

JE
4_
2 7
of ¢ ¢ ¢ ¢
_2_ ]
47775000 5100 5200 5300 5400 5500 5600
My, Kk [MeV]
Data/MC agreement in the most sensitive BDT range:
5300005 . B'—Juy K background-subtracted data  — 5 9000 . Bl uny g background-subtracted data
o - — reweighted B"'— J/hy K" MC - o 25003_ — reweighted B — Jhp ¢ MC =
@ 25000 oppsl]e 2 ATLAS E @ - ATLAS :
- = - =
§20000;— Vs =13 TeV, 15.1 fb_; § 2000F (s =13 TeV, 15.1 fb—:
" 15000F- = 1500} =
100001 = 1000 =
5000 — 5001 =
O:|....|....|....|....|....|....|....| ...... |...: O:|.... .
©) 1.4F 3 ®) 1.4F ' ' N
g 1-21:.9 ...... L N T N E ) U R j g 1-?];.!4.! bt g dugr =t 0ut o I Y YN Benmemmmmgugenngan ........E
(T o T '”Nﬁ = T o8kt T T '””*H” =
8 0.6E 3 8 0.6F E
015 0.2 025 0.3 035 0.4 045 05 055 0.6 0.15 0.2 025 0.3 0.35 0.4 0.45 0.5 055 0.6
BDT output BDT output

EPS-HEP2019, Ghent, 12-07-2019 Iskander Ibragimov, University of Siegen 13



=

BOs) —put*u: Signal Yield Extraction

Events / 40 MeV

Events / 40 MeV

EPS-HEP2019, Ghent, 12-07-2019

700

600

500

ATLAS .

2015-2016 data
Total fit

—— = Continuum background

...... b — u* u X background
----------- Peaking background

400 0 ) .
—— — e B =u"uw+B —u'u
300
200F- o R
- bin with the lowest S/B ratio, 3
. helps to improve E
100, : .
: background modelling .
O_I - 1...["'_1"-_1--1-.J.. e lmbmadomdocd ot o 1]
4800 5000 5200 5400 5600 5800
Dimuon invariant mass [MeV]
70 [ | T T T | T T T T T T | T T T | T T T | T T I_
- ATLAS e 2015-2016 data ]
60 s = 13 TeV, 26.3 fb"! Total fit .
5okf 0-3312 <BDT <= 0.4163 | — - Continuum background
N b — u*u Xbackground ]
40_. ----------- Poeaking backgroound _:
- T By wtw B o ptw
30F —~
20 =
10 —
O : | I T B | ._.I..._l...; ....i-.‘"1—1‘;‘:.:.‘.“.:'.'.".’"I:"'l.".L.L_._.l dded o _k
4800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

Events / 40 MeV

Events / 40 MeV

140

120

2015-2016 data
Total fit

ATLAS .

—— = Continuum background

100 _ -
------ b — u* u” X background 7
80 ._— ----------- Poeaking ba_lckg:)ound __—
5 == B = uw w+B —uu 7
60, —
40 ]
201~ b
O: Joms Ll l.:..:.."J_"-J:n-rhh‘f;::...'l-"_l"u— AR RN SR TS TR N W _1:
4800 5000 5200 5400 5600 5800

Dimuon invariant mass [MeV]

1 8 | T T T | T T T | T T

14H10.4163 < BDT <=1 I —— = Continuum background
------ b — u* u X background

12 L Peaking background

10 mm B W+ B st

O
o
S
S

® 2015-2016 data
Total fit

|III|III|III|III|III|III|'T

|"~J. . L ]

L1dy

P R [
5400 5600 5800
Dimuon invariant mass [MeV]
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el B —u*u-: Results with 2015/16 Data &%)

ATLAS

EXPERIMENT

e extracted (expected in SM) signal yields:
- Ns=80 %22 (91)and Ng=-12 £ 20 (10) events — consistent with expectations

o')_' _l I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I_

S 1.2 ATLAS . - - likelihood maximum:

T 1:_ /s =13 TeV, 15.1-26.3 fb E BR(B% — p*p-) = (3.2 £ 0.9)x109

= Confidence regions, stat only -

£ 0 8: 99.7%._._ Confidence regions, stat + syst | BR(BO — |J+}J') = (-1 321 )X1 0-10

Jo . 1 - result from Neyman 2D contours:

m 08 me T 1 BR(B% — pry) = (3.21799.0,91794%.9.30) X109
0_4:_ .”: T N ... ‘:\ _: BR(BO —> |J+H_) <4.3 X1O_10 at 950A) CL
0.2l % i B anr 1 - expected result in SM hypothesis:

oL L T e s 1 BR(BY% — ptp) = (3.6%11.1.0) X100
- 1 BR(B? — p*p) < 7.1 x10-1%at 95% CL
—0.2—_'_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I__
0 1 2 3 4 5 6 7
L B(By — u* u)[107] pmmmmene SmmTmmmmemsommononss STTTTmmmemess N
uncertainties: . total fit systematic uncertainties: :
Source BY (%) BY (%) : N,
folfa 51 - L Oyt = 3+ 0.05N;
B* Yield 4.8 4.8 l Na _
R 41 41 | Ogpst = 2.9 + 0.05N + 0.05Ny4
BB™ = JWK)XBUNY — ) 29 29 .- ' correlation coefficient: psys = —0.83
Fit Systematic Uncertainties 8.7 R T
Stat. Uncertainty (from Likelihood est.) 27 150 ——— statistical uncertainties dominate
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el  B% —p*p Combination with Run 1 &%)

EXPERIMENT

CID_I B | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | ]
|
© 12c  ras —— Run1 data - likelihood maximum:
3 11— — Run 1 +2015-2016 data — OS H “ A 10
ty - —  LHCbRun 1 + partial Run 2data 4 BR(BY — p7p7) = (-1.9 £ 1.6)x10
T 0.8 :_ i Likelihood contours for _:
D o6l T eeiie . -2an@)=23,62118 - result from likelihood contours:
R T 1 BR(B% — pp) = (2.8"0807)x10°
0.4 1 o= Tmenl T Tl —-| BR(BY — p*p) <2.1 x10-%at 95% CL
B Lo .".:!. - - :."7:7% S ) N ]
02 4 r SIENSM) - expected result in SM hypothesis:
|| 7 N Mg BR(BY%S — ptp) = (3.6799.0.8)x107
i D N\ N - BR(BY — p*u) < 5.6 x10-1%at 95% CL
_0.2& L1 |’\'r:'\|.\|\ |“‘|. ] L [ |x‘|’:~|‘| | |"|’\T‘\|\'['\| I |"\|\_—
0 1 2 3 4 5 6 7

B(By — u* u)[107™]

® compatible with SM at ~2.40
e combined significance for B% — p*u- ~4.60
e BR(BY — p*u) limit most stringent to date
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BR(B%s) —u*u-) Evolution )

d

] M S+ S 17 NS M OO

1074 =t T I% ........................................................ . . ,"_V“‘
T } T T 10°° <g ' \

10°° ¢ ¢ K
RS}

1077

1078

Limit (90% CL) or BF measurement

I lllllllll lllllllll lllllllll Illllllll IIIIIIIII lllllllll IR
«—<

X CLEO A Belle
*  ARGUS [ BaBar
a ¥ ¥V UA1 B E LHCb
10 * % CDF ¢ ¢ cmS
VV L3 O O ATLAS
_10 A A DO ®® CMS+LHCb
10 — I I | I I I I | | | | |
1985 1990 1995 2000 2005 2010 2015
[arxiv:1606.00999] + latest results from ATLAS Year
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s} B9 —ptu HL-LHC

)

ATLAS

EXPERIMENT

Prospects (3 ab™)

® better o(myy) expected — improvement of
m(B%) and m(B?) separation
e 3 trigger scenarios considered:
- 2MU10 — 15 x NRun1
- MU6_MU10 — 60 x NRun1
- 2MUG6 — 75 x NRunt

® pseudo-MC experiments based on Run 1
likelihood

® dominant systematics:
- 0(fs/fa) ~ 8.3% ("conservative")

q',_| 0'6 _l T I T T T T ] T T T T l T T T T ] T T T T l T r_‘
o - . . . b
- 0.55 AB\O'I'LAS ?lmulatuon Preliminary 60 x NRum E
—~ Vb Pm T HR . .
+:s_ 0 4: working point x60 Run1 statistics stat + syst .
= "k —— stat only .
T - —— SM prediction -

(=) 03 - —
(a4 = -
© 0.2 =

0.1 -
oF -
-0.1 —
= | 1 | 1 | =

N
W
.
(&)
D

B(BY —» u* 1) [107)
EPS-HEP2019, Ghent, 12-07-2019

Iskander Ibragimov, University of Siegen

0.6 L4 L] ] L L Ll Al ] L T T T l Ll T

O’H - T T I T T T T ' 14 Y_
= - ATLAS Simulation Preliminary | 15 y NRun' :
— 0.5 8(05) - u'y .
= - working point x15 Run1 statistics stat + syst -
+ — ——
=5 0.4 - — stat only .
T s sy + SM prediclion .

o 0.3 e, .
m - o
@ 0.2 =

0.1 -
O -
-0.1— -
- | | - | | e

2 3 4 5 6
B(B] - ) [107]

q"_‘ 0'6 _l T I T T T T ] T T T T I T T T T ] T T T T I I-‘
e - ATLAS Simulation Preliminary 75 x NRun1 .
= 0.5 B(°SI - ' E
‘= - working point x75 Run1 statistics stat + syst -
+ e —
= 0.4 - — Stat only -
T . —— SM prediction =

o 0.3 - .
o 3 .
@ 0.2 -

0.1+ -
o r
-0.1 —
-l l l ' l I l l A

2 3 4 5 6
B(BY —»u* 1) [107)
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Summary & Outlook

e angular analysis of B® -K*%u*u-decay with Run 1 data shown
- results compatible with SM and other experiments

e B0 — p*u- analysis with 2015/16 data presented
- BR(B% — p*y) =(3.2*11.10)x10°
- BR(B? — p*pr) <4.3 x10%at 95% CL

e combination with Run 1 result yields
- BR(B% — p*p) = (2.898,47)x10°
- BR(B® — p*u) < 2.1 x10-%at 95% CL
— results compatible with SM at 2.40

e reach for expected HL-LHC statistics for B%s) — p*u- and B® -K*0u*p-
presented

e 140 fb-! of full Run 2 data being analysed - stay tuned for new results!
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— K*Ou*u~: Results vs Theory/Experiments £

ATLAS

EXPERIMENT
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CFFMPSV: Ciuchini et al.; JHEP 06 (2016] 116; arXiv:1611.04338

DHMV: Descotes-Genon et al.; JHEP 01 (2013) 048; JHEP 05 (2013) 137; JHEP 12 (2014]) 125
JC: Jager-Camalich; JHEP 05 (2013) 043; Phys. Rev. D93 (2016) 014028

LHCb Collaboration, JHEP 02 (2016)

CMS Collaboration, Phys. Lett. B 781 (2018) 517 (P plots), Phys. Lett. B 753 (2016) 424 [F. plot]
Belle Collaboration, arXiv:1604.04042 [P plots], Phys. Rev. Lett. 103 (2009) 171801 [F. plot]
BaBar Collaboration, Phys. Rev. D 93 (2016) 052015
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BY — K*0u*u-: Systematics

EPS-HEP2019, Ghent, 12-07-2019

Source FL S3 S4 S5 S7 Sg
Combinatoric K (fake K*) background 0.03 003 005 004 006 0.16
D and B™ veto 0.11 0.04 005 004 001 0.06
Background pdf shape 0.04 004 003 0.03 003 0.0l
Acceptance function 0.01 001 0.07 0.01 001 0.0l
Partially reconstructed decay background | 0.03 0.05 0.02 0.08 0.05 0.06
Alignment and B field calibration 0.02 0.04 005 004 0.04 0.04
Fit bias 0.0 0.01 0.02 003 001 0.05
Data/MC differences for pr 0.02 0.02 001 001 0.01 0.0l
S -wave 0.0 0.01 0.01 001 0.0 0.03
Nuisance parameters 0.0 0.01 001 001 0.0 0.0l
Ay, BT and B, background 0.0 0.01 0.01 001 001 0.0l
Misreconstructed signal 0.0 0.01 0.01 001 001 0.0l
Dilution — — - < 0.01 - <0.0l
transformation of systematics Si — Pi0)

b 285 P _ Si=4,57,8

] = [ — F j=4,5,6,8 \/FL(I — FL)

Iskander Ibragimov, University of Siegen
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BO(S

y —U U BDT Input Variables

EPS-HEP2019, Ghent, 12-07-2019

Variable Description
pIT9 Magnitude of the B candidate transverse momentum p_>TB.
__)
X12>V DV xy Compatibility of the separation Ax between production (i.e. associated PV) and decay (DV)
’ — —
vertices in the transverse projection: Axt-X_5'-Axt, where EA—>x is the covariance matrix.
AxT T
_)
AR three-dimensional opening between 5% and Ax: yaop? + An?
__)
laop| Absolute value of the angle between p_)TB and Axt (transverse projection).
— —

Ly, Projection of Axt along the direction of _p)$ . (Axt-prB)/|prBl.

IP%D three-dimensional impact parameter of the B candidate to the associated PV.

DOCA,, Distance of closest approach (DOCA) of the two tracks forming the B candidate (three-di-
mensional).

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

|do|™**-sig. Significance of the larger absolute value of the impact parameters to the PV of the tracks
forming the B candidate, in the transverse plane.

|do|™"-sig. Significance of the smaller absolute value of the impact parameters to the PV of the tracks
forming the B candidate, in the transverse plane.

Pinm Value of the smaller projection of the momenta of the muon candidates along pr2.

Iy 7 Isolation variable defined as ratio of Ip_T)BI to the sum of Ip_T)BI and of the transverse momenta
of all additional tracks contained within a cone of size AR < 0.7 around the B direction. Only
tracks matched to the same PV as the B candidate are included in the sum.

DOCA ¢k 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.

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

)(Z v Minimum y? for the compatibility of a muon in the B candidate with any PV reconstructed

in the event.

Iskander Ibragimov, University of Siegen
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al Systematic uncertainties on gyuu/epuk ratioA@

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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“Analysis Prospects with Full Run 2 Data (~130 fb'Qﬁf)S

EXPERIMENT

® pseudo-MC experiments based on Run 1 measurement
e 2D Neyman belt construction to estimate CL contours
- total statistics is scaled in the likelihood
- Opb~1.7Xx Run 1 (8 TeV — 13 TeV)
- 2MUG6 || MUG6_MU4 topological triggers
= estimated to ~7x Run 1

- same S/B ratio as in Run 1 - "conservative" as background suppression expected
to improve due to IBL

&~ 1.8 e
o - ATLAS Simulation Preliminary Run-1 statistics .
_ o E 1-6:_ By — ww T Neyman contours -
Systematic uncertainties: | ——— ___Run2statiscs -
0 + i e Neyman contours .
(30% of Run 1 total error) ? ;of . E
e external: fs/fa, BR(B* —J/WK*) @ 1 E
. (88) = N
- keptasin Run 1 0.81 E
e internal: efficiencies, fit shapes, 0.6 E
background extrapolation, trigger 0.4 -
modelling,... : X
: o 0.2k . o
- scaled with statistics - N
% g8 9
B(B; - u* p) [107]
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al  ATLAS Inner Tracker (ITk) Upgrade

)

ATLAS

EXPERIMENT

L L A
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e [Tk material considerably less than
current ID:

- better tracking efficiency
- better mass resolution

EPS-HEP2019, Ghent, 12-07-2019

Iskander Ibragimov, University of Siegen

e |Tk Pixel (13 m?):
- 5 barrel, 5 EC layers (with rings)

- inclined design, |[Nmax| <4 (2.5
now)

- Innermost layer at 36 mm

- ~580 M channels (~92 M now)
e |Tk Strips (160 m?):

- 4 barrel layers, 6 EC rings

- ~50M channels (6M now)
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" Mass Resolution with HL-ATLAS €9

ATLAS

EXPERIMENT
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