ATLAS

EXPERIMENT

RARE B-DECAYS:
UPDATE FROM ATLAS



RARE B-DECAYS: UPDATE FROM ATLAS

* B physics In ATLAS /
(8)

+ Branching fractions of B¢y, — u*u~
» ATLAS measurement early Run 2 (26.3 fb™1) B /

« ATLAS, CMS, LHCb combination re
* Prospects for full Run 2 and HL-LHC

. + :
» Angular analysis of B® - K*%u*u~ T e X
+ ATLAS measurement in Run 1 (20.3 fb™*) @

* Prospects for HL-LHC

e Conclusion \

Rare B-Decays: Update from ATLAS A. Perrevoort \ iEII‘l ef




B -PHYSICS PROGRAM IN THE ATLAS EXPERIMENT

» ATLAS collected 139fb~* of pp
collisions at /s = 13TeV in 2015-2018

» ~2.5 million bb pairs/sec produced et

» By, B, etc. accessible at the LHC ) I e

* Typical B physics trigger: e somimco | o
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low p, very low mass di-muon
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- ATLAS Preliminary

. . . 10’ E_f Ldt=3.2fb" B0 Pp,h)>4GeV, p (n)>4GeV _; - Dat_a 2018 low-m
trigger using Inner tracker and gfla-azt W I oo FeRny T
1 06 ;— ‘ﬂ B -pT(u) >6GeV, p_(u)>6 GeV _; -

muon detectors

Single muon trigger: pT(u.1) > 20 GeV

Entries / 10 MeV
Entries / 10 MeV
3,

ey | Supporting dimuon trigger: pT(u1) >4 GeV, pT(uz) >4GeV

« ~150-200 events with bb pairs/sec "4 i
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RARE B-DECAYS

Example BY —» utu~

« FCNC Inthe SMvia loop and box SM - L ~ 4
grams N it T~ -
» B> u*u~andBy » utu~ atB~ 107" B 4| A RO £k '
+ B> K" %u*tu~atB~107" ¥ _ ;
o AW B oottt U
* Enhancements might arise from BSM : :
BSM contributions ’ 1t 7 ut
 Measure B and differential angular Oyt N~ X
decay distributions BY ¢ ‘;g,(___)f_o BY £ YU
o W BT
S Iu_ S /LL_
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Branching
Fractions of
BY - utpu~

By — putu~

JHEP 04(2019) 098

Rare B-Decays: Update from ATLAS A. Perrevoort \ iEII‘l ef


https://link.springer.com/article/10.1007/JHEP04(2019)098

BRANCHING FRACTIONS OF B&) - uTu”

> B =
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 ATLAS measurement of ‘B(B?S) - utu™) using 26.3 fb~! of pp collision data at

Vs = 13 TeV (2015+2016)

* Using di-muon trigger

- Simultaneous fit of B(B” — u*u~) and B(B? - utu™)

« Measurement relative to reference channel B™ - J/y(uu) K™

» Separate signal from background using boosted decision tree (BDT) JHEP 04(2019) 098
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BRANCHING FRACTIONS OF BY) — u*u~

JHEP 04(2019) 098

» Partially reconstructed » Peaking background: » Continuum background:

b—hadron decays B?S) decays to m and K combinatorial background
mOStIy at lower di- which are mis-identified from U of uncorrelated
muon mass as u hadron decays;
reduced with BDT
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BRANCHING FRACTIONS OF B(S) — ,Ll ,Ll \]HEP()4(2()19)I()98
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BRANCHING FRACTIONS OF B,y — utu~

B(B” — ut ) [107]

ATLAS —— 2015-2016 data

Run 1 + 2015-2016 data

Likelihood contours for
2 AIn(L)=23,6.2,11.8
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Standard Model JHEP 10(2019)232
B(BY - uu) = (3.66 + 0.14) x 1077
B(B® - up) = (1.03 + 0.05) x 10710

Run 2
B(Bs — pup) = (3.2%15) X 1077
B(B® - up) < 4.3 x 10710 at95% CL

Run 1 + Run 2 (2015-2016)
B(B; — pp) = (2.8157) x 1077

B(B® - up) < 2.1 x 10710 at95% CL
JHEP 04(2019) 098
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BRANCHING FRACTIONS OF B,y — utu~

06 ATLAS CMS LHCDb - Summer 2020 0.6 ATLAS CMS LHCb Summer 2020
°i<-\ [ /‘/ I Prehmmar RS i C’|<_\ T F | Prehmma I
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RQ o Q : -
0.1:—:.'= 0.1F- ((\ —
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1 1 2 3 5
BB, — p+u) (107) BB, — pu) (107)
Combination ATLAS, CMS, LHCb for Run 1 + Run 2 ((2015 +) 2016)
0 +0.37 -9
B(Bs — up) = (2.692535) x 10
B(B° - up) < 1.9 x 10719 at 95% CL
BPH 20 003
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BORANCHING FRACTIONS OF B(S) - Ut

o EI I;tl\'ll'LAI\SI ISllml;lzl:l’tlloln I;rlelllnlnnlarly IIIIII qulur; |1 sltalltlls’;csl ) IE
E :_ Blyy = K — Neyman contours
= 14;; ..... T Ny aanigus
T 12 ", Full Run 2-
W 1E . prediction = :
5 o 1 Extrapolation of Run 1 results to full Run 2 and HL-LHC
08 | 4+ Increase in luminosity from 25 fb~! to 130 fb~1/3 ab~?
o4 ~. 3 * Increasein+/s from 7/8TeV to 13TeV
Qs e d o Trigger efficiencies and detector performance

B(B; — pw) [107]

OPE zzi_ grll.is +Si_mu|ati<|)n Preliminary HL"—_HC _§ | B(BY — utu™) B(BY — utu™)
':;_ - w;)rkin;piint x60 Runi statistics _psrthIL%ElOn . Uncertainty on B stat [10719]  stat + syst [1071°] stat [1071°] stat + syst [10719]
j‘ Z: o SMprocion - Run 2 7.0 8.3 1.42 1.43
- - . HL-LHC: Conservative 3.2 5.5 0.53 0.54
0 ooer E HL-LHC: Intermediate 1.9 4.7 0.30 0.31

0.1 LSO E HL-LHC: High-yield 1.8 4.6 0.27 0.28

0 Intermedlate E
-0 Assuming M.U.G.Wl@.triggef. L
2 3 4 ) 6
B(B® - u* 1) [107) ATL PHYS PUB 2018-005
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Angular
Analysis of
BO N K*O,U_I_,Ll_

op

JHEP 10(2018) 047/
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ANGULAR ANALYSIS OF BY - K*%u*u~

K !ﬁ
-
e
» ATLAS measurement of BY - K*O(-» K nr )utu~ p
using 20.3 fb~! of pp collision data at \/s = 8 TeV
(2012)

 Analysis of angular distributions of cos 0y,
cos Ok and ¢, and m(Kmuu) In bins of
2 2(1F1— 2
g =m*(uTu") € [0.04,6.0]GeV
* Combination of 19 trigger chains (1u, 2u, 3u)
» Trigonometric folding of angular parameters
» Control regions for B® - K*%c¢ decays

JHEP 10(2018) 047/
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ANGULAR ANALYSIS OF B° — K*Oyty-

Signal region BY - K*9%c¢
control regions

» Combinatorial background suppressed by /\

kinematic selections 0 JIy v(25)

» D°/D(;, mass veto for B® - D°/D X decays
» Fake K*Y (combinations of K) and
BT - KT /mTu™u- — syst. uncertainty S ]

» Mass peak parameters from B® - K*°J /y
and B° - K*9y(2S) control regions

i : Vetoed ]
» Multiple Kruu candidates: choose best eloed regions

candidate by y* and m(Km) selections
JHEP 10(2018) 047
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Events / 25 MeV

Events / 0.08

ANGULAR ANALYSIS OF B -» K*%u*u~-

I 1 | I
ATLAS (s =8 TeV, 20.3 fb™

I ' I
ATLAS (s =8 TeV, 20.3 fb™
S5 fold, g° € [0.04, 6.0] GeV?

S5 fold, g° € [0.04, 6.0] GeV* |

o
o

100[—

Events / 0.04 &t

¢ Data

N
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|
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Fit of m(Kmup), cos 8y, cos Ok and
@ in bins of g € [0.04,6.0]GeV* to
extract

* Fp (longitudinal polarisation of K*9)
* Angular parameters S;(— 13.('))
Low statistics

* Trigonometric folding
* 4 fits with 3 parameters

(F1,, S3, Si=4578) PEr q* bin

JHEP 10(2018) 047/
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ANGULAR ANALYSIS OF B° — K*Oyty-

_ E L L N L B LR B _ L L — T T T T T T T T T T ]
- CEATLAS (s =8TeV,20.3fb"= 0 2FATLAS (s =8 TeV, 20.3 fo ' =
1.5 -§- Data — - -¢- Data -
: theory DHMV = 1.5 CFFMPSV fit =
/= theory JC — - theory DHMV .
- - 1= theory JC —
0.5 I — r -
OF- = 0.5 -
-0.5¢ I i oF- -
~1E = : ‘ :
= = —0.5— | —
—1.5F — -

- . —1— —
p S N R B B R T R R ST RS S

0 2 4 6 8 10 0 2 4 6 38 10
o? [GeV?] o? [GeV?]

Comparisons with theoretical predictions (CFEMPSV DHMV JC)
» Largest deviation: ~2.70 in P, and P: in g% € [4.0,6.0]GeV* wrt DHMV

 Compatible with results by LHCb, CMS and Belle

15 Rare B-Decays: Update from ATLAS
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ANGULAR ANALYSIS OF B -» K*%u*u~-

Extrapolation of Run 1 results HL-LHC
* Increase in luminosity from 20 fb~! to 3 ab™*

* Increase in+/s from 8TeV to 14TeV .
_ o _ LHC phase g~ [GeV-1 | o6 o5 O O O 0
* Trigger efficiencies and detector performance ! : 5 : :
Run 1 [0.04,20] | 0.11 031 045 031 021 05l
T S 1 1 T [2.0,40] | 0.12 061 037 034 034 0.57
1.65- §;J£Jf§’f}§2°§§f1 - +g;;;‘ﬂspgi:1°<2“8’°”_; [40,6.0] | 0.18 050 038 039 030 043
| ieory DHMV - HL-LHC p6u6  [0.04,2.0] | 0.010 0.027 0.037 0.037 0.019 0.046
: e L s - [2.0,4.0] | 0.008 0.093 0.040 0.038 0.040 0.070
12p ATLAS HL 106 stat. only) [4.0,6.0] | 0.016 0.083 0.032 0047 0.033 0.041
1 - HL-LHC 1106 [0.04,2.0] | 0.011 0.037 0.046 0.040 0.023 0.055
0.8F- - [2.0,4.0] | 0.011 0.103 0.047 0.042 0.044 0.075
: #— - [4.0,6.0] | 0.018 0.100 0.040 0.053 0.038 0.052
0.6 E HL-LHC nl0p10  [0.04.2.0] | 0.018 0065 0076 0059 0041 0.093
0.4_—_'l'_ — [2.0,4.0] | 0.017 0.15 0.074 0.068 0.059 0.100
0of = [4.0,6.0] | 0.026 0.17 0.074 0.082 0.063 0.090
T S e T
2 2
g [GeV] ATL PHYS PUB 2019 003
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RARE B-DECAYS IN ATLAS

- ATLAS —— 2015-2016 data

Run 1 + 2015-2016 data

Pt L Likelihood contours for
...... 2 Aln(L) =2.3,6.2,11.8

B(B® — 41 [10°

ATLAS has performed studies of rare B-decays

e B2 - utu~ with 2015-2016 data:

* Branching fraction consistent with SM expectations and B(BY — 1+ ) [10°

other experiments " oamas Tl s
 No B’ - u*u~ observed o 40me
« Combined results from ATLAS, CMS and LHCDb 1_ st ArA
 Angular analysis of B® - K*°u*u~ with Run 1 data: o.sf_—}— E
* Compatible with SM predictions and other experiments o— o + -
» Both channels will profit from full Run 2 dataset and -05F + * :

from the HL-LHC e
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BRANCHING FRACTIONS OF BY,y - utu~

b pr b pt
Y ~_ W' -
_l_
0 W o 0
B, ¢\ B, tA VU
oW TN
S - S W -
M H
b e b '
X x0 ~_ X'
Bg A WP Bg tA YU
-
S - s W N 3HEP04(2019) 008
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BRANCHING FRACTIONS OF BY,y - utu~

¢ Measurement of ‘B(B&) — u*u~) relative to reference channel B™ - J/y(uu) K™

Na(s)

[B(B* > J/WKY)XB(J/Y - utu)] E1/wkt Ju

B(Bpsy = utp~) =
( ) ) Cutu- Ny i+ facs)

JHEP 04(2019) 098
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Expected systematic

uncertainties on B(By) — )

BRANCHING FRACTIONS OF BY,y - utu~

Uncertainties on R,

Source BY [%] B [%]
f s/ f d 5.1 -
BT yield 4.8 4.8
R, 4.1 4.1
BBT > J/WK)YXB(J/W — u"u) 2.9 2.9
Fit systematic uncertainties 8.7 635
Stat. uncertainty (from likelihood est.) 27 150

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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BRANCHING FRACTIONS OF B,y — utpu~

16 ATLAS CMS LHCD - Summer 2020 ) ATLAS CMS LHCb Summer 2020

E - Prehmmary VA E g Prehmmary o _§
g l4F 2011 - 2016 data E e 2011 - 2016 data E
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I 12F 3 | -
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2 F — 1 ! =
0 0 B (N § B B B

1 0 0.1 0.2 0.3 0.4
BB, — pu) (10°7) B(B® — prur) (107)

Combination ATLAS, CMS, LHCb for Run 1 + Run 2 ((2015 +) 2016)

B(Bg - pp) = (2.69%538) x 1077
B(B° - up) < 1.9 x 10719 at 95% CL
BPH 20 003
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BRANCHING FRACTIONS OF BY, - utu~

Extrapolation of Run 1 results to HL-LHC

* Conservative: 2MU10 trigger X15 Run 1 statistics
* Intermediate. MU6MU10 trigger x60 Run 1 statistics
 Highyield: 2MUG trigger X75 Run 1 statistics
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ANGULAR ANALYSIS OF BY - K*%u*u~

d > d d > d d > d’
0 _ 0 | 0 %0
BA - u,c,t >K B KO B U, C,t B
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ANGULAR ANALYSIS OF BY - K*%u*u~

] dir 9 |3(1-F | - F
= ( 2 L) sin“ O + Fy, cos” Ok + <

.2
sin” @ cos 26
dI'/dg? d cos 81.d cos Oxdpdg? 327 K I

—-Fr COS> O cos 287 + 53 sin” 0 sin’ A1 cos 2¢
+54 sin 260k sin 2607, cos ¢ + S5 sin 260k sin 67, cos @

+S¢ sin’ Ok cos Oy + S7sin 20k sin @y sin @

+S5g sin 260k sin 2607 sin ¢ + So sin” O sin” @7 sin 20 . (1)
e ~
L = NT “ 2 HIPH(H“IK?T#F.} cos Ok, cos By, ¢, p, 8),
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ANGULAR ANALYSIS OF BY - K*%u*u~
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Source Fr S3 S, Ss S~ Sg
Combinatoric K (fake K*) background | 0.03 0.03 0.05 0.04 0.06 0.16
D and B™ veto 0.11 0.04 0.05 004 0.01 0.06
7 [GeV? Mignal background Background pdf S_hape 0.04 0.04 003 003 003 001
10.04.2.0] | 12822 12222 Acc?ptance function 0.0 0.01 0.07 0.01 0.01 0.0l
2.0.4. O: 106423 113 4 23 Partially reconstructed decay background | 0.03 0.05 0.02 0.08 0.05 0.06
4 0’ 6. 02 114 494 204 + 26 Alignment and B field calibration 0.02 0.04 005 004 004 0.04
[0.04’ 4.02 36231 233 £ 30 Fit bias 0.01 0.01 0.02 003 0.0 0.05
[1.1’ 6.0: »75 ; 15 363 I 26 Data/MC differences for pr 0.02 002 001 001 0.01 0.0l
0 04’ 6 02 340 :L 39 445 :L 10 S -wave 0.01 0.01 0.01 0.01 0.01 0.03
- _ _ Nuisance parameters 0.01 0.01 0.01 001 001 0.0l1
Ay, BT and B, background 0.01 0.01 0.01 0.01 001 0.01
Misreconstructed signal 0.01 0.01 0.01 001 001 0.0lI
Dilution — — - < 0.01 — <0.01
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