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Belle and Belle |l experiments

e Belle @ KEKB:

e one of the first generation B factories, 771 x 106 BB .p -
pairs collected in ~ 10 years of data taking

e experiment goal: measurement of CP violationin B
meson system but they did much more

e Belle Il @ SUPERKEKB:

e from KEKB to SuperKEKB: aim to collect so ab~ Electromagnetic Calorimeter ECL! | KL and muon detector

(CSI(T1) crystals) (resistive plates and

(~50x Belle) by 2031 reaching ~60 x 1034 cm-2s™ R o SR
(~30x KEKB)

W\

e Upgrade of Belle detector: similar or better =R
performances wrt Belle in much higher machine
background/event rate environments

) Vertex Detector
! (pixels detector PXD and ‘!

e Total integrated luminosity as of today: 213 fb, silicon strips detector)
>120 fb in February-June 2021

e Current world record instantaneous Iuminosity:  (eylindrical wire chamber | : " particle 1>z |
3.1X1034 cm~2 51 (KEKB world record: 2.1 x 1034 cm—=2571) |

................................................. i Time-of-Propagation counter (barrel) i
EAerogel RICH (fwd)
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Semileptonic and electroweak penguin decays at Belle ||

e Large Belle Il dataset will allow to continuing investigating the flavour
sector, in a complementary way wrt other experiments

e Electroweak and semileptonic B decays are among the golden channels of

Belle Il physics program.
' CKM metrology from b—u/cf v deca
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New Physics searches in tree and penguin+box -mediated processes| n
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Indirect New Physics (NP) searches: non standard particles as ¢ B'B—a B | B,B—d 5. t \\Q

decay mediators
Direct NP searches: new sources of missing energy (b—s v 0)

[ will mainly focus on this ]



B meson pair reconstruction: Tagged analisys

e Reconstruct one B in the event (Btag) and constraint the kinematic of the

Othel’ B (Bsig)

e [Biag reconstruction with Full Event Interpretation (FEI): multivariate
algorithm with hierarchical approach to reconstruct O(200) hadronic and

semileptonic decay channels

o [:iq reconstruction: once the Btag has been reconstructed, search for the signal

signature in the rest of the event

e Knowing the initial energy, the missing energy associated to the neutrinos

can be computed

Events / (0.0010 GeV/c?)

BELLE>-NOTE-PL-2020-002

x10% Belle Il preliminary

:- W Correctly reconstructed f Cdt=346fb71
. I Continuum & mis-reconstructed

[ ¢ Data
NB;«E’9 =84907 + 734

1'52' ptag > 0.1
My = [5/4— @3)°
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Hadronic FEI

Keck T. et al. Comput Softw Big Sci (2019) 3: 6.



https://docs.belle2.org/record/1897/files/BELLE2-NOTE-PL-2020-002.pdf
https://doi.org/10.1007/s41781-019-0021-8

B meson pair reconstruction: Untagged analysis

e Search for the final state particles consistent with the signature (and
eventually constraint the kinematic of the rest of the event)

Rest-of-the-
o exclusive Bsig reconstruction: all final state particles are reconstructed (e.g

B+—K+¢+¢-), can apply kinematic constraint to ROE that should be
compatible with a B meson

/
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¢ inclusive Bsig reconstruction: one/few final state particle(s) are
reconstructed (e.q. B=X:"y), the ROE is the other B in the event + what is

left from signal reconstruction

Inclusive Tag
e = 0(100)% —CE
Consistency of B,

> Semileptonic Tag =

O T

s| =0 —LS <

= Knowledge of By, e, < I e
L

Hadronic Tag
e = 0(0.1)% <
Exact knowledge of B <

tag







b—cv: latest Belle R(D™)) measurement

'HFLAV average: 3.10 ' o .l
| SM(Dand D* combined) _|

I l I I I I I I I 1 1 I 1 1 1 1 I 1 1 1
[ HFLAV average sz = 1.0 contours

Sensitive probes for New Physics (leptoquarks, two Higgs doublets
etc.) which could impact lepton flavour universality ratios:

R(D*)

IIIIII

_ (*) _ _ LHCb15 —
R(D(*)) _ B(B_ — D(*)’T_l/'r) 0.355— . 3 /_\Q
B(B — DYVl vy) E % :

Bellel?7

(where £ = e and u)

lllllllllllllllllllll

e Belle analysis (711 fb)

+ Average of SM predictions
R(D) =0.299 +0.003 pring 2019
R(D*) = 0.258 £0.005 POD)=27%

1 l 1 1 1 1 I 1 1 1 1 l 1 1 1

e Tag side reconstructed with Semileptonic FEI, zin purely leptonic
mo deS 0.3 0.4 0.5 R(D)
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e Signal extracted from 2D fit to BDT output and Egc:

—
—
—
—
—

e EecL=neutral enerqgy deposited in the calorimeter not associated to
signal nor to tag side, key ingredient in analysis with missing energy

llllllllﬂ

e Most precise measurements reported to date

Events / (0.12 GeV)
N

R(D) = 0.307 + 0.037 & 0.016
R(D*) = 0.283 £ 0.018 + 0.014
J 0O 02 04 06 08 1 12

— —_ Eco (GeV)
/ Belle coll., Phys.Rev.Lett. 124 (2020) 16, 161803

Fake D*

cora s o bbb



https://arxiv.org/pdf/1910.05864.pdf

b—cév: toward R(D®™) Belle [I| measurement (I

e Measurement of normalisation channel with 34.6 b using hadronic FEI SO

Belle II

Belle Il coll.,BELLE>-CONF-PH-2020-009

D

Dedicated Belle Il studies to improve EecL reconstruction

Belle 1l Preliminary fﬁ dt=34.6fb"" Belle Il Preliminary f[: dt=34.6fb™" Belle |1l Preliminary Iﬁdt = 34.6 fb~!
e e e ————— ————— == = = —— = s —— —____ _——
" No beam background suppression 850" 7: | | mm 55D v ' *
— B BN Continuum B Continuum 80 F ]
> w7/ MC stat. unc. ; 35 w7/ MC stat. unc. s . BaCkground'
O | ¢ Data d ¢ Data 8] w7 MC Uncertainty
=, 20¢ O 30¢ R ¢ Data
- I ! o 60F
S | S 25 O
; 15 F =~ ™ -
i v o .
2 g 20 = 40
(© I © ~ i
O 10} T 15 o |
O [ T C i
% 7 = 10 Q
/] (0] > 20 ~
O 5 @] (L _
5 .
0 0 0
. 25F o 25F
. i l =, [ o 2.5F
|8 00 * i r|o§ 0.0 “l
) @ 12 0.0
25, . o - =25 0 o by © N
0.0 2.0 2.5 0.0 2.0 2.5 ol 25

EecL [GeV]

main systematic from soft 1t

B(EO — D*+€_Dl) — (451 + 0.415, & 0-27syst -+ O°457rs) 70 reconstruction, will improved in

_ the future with auxiliary
In agreement with world average measurements
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https://arxiv.org/pdf/2008.10299.pdf

b—cév: R(DM) perspectives at Belle ||

LHCD _ Belle 1

Run 4 Run 5 Bernlochner et aI ar><|v 2101 08226

Run 6

D¥) (had FEI, lep T)
) (had FEI, lep 7)

D*) (SL FEI, lep 7)

D) (SL FEI, lep 7)

D*) (had FEI, had 1)

X) (had FEI, lep 7)

n) (had FEI)

R(
R(D
R(
R(
R(
R(

Total uncertainty [%]

Data sample up to year Data sample up to vear B

e Plethora of t/¢ratio measurements from LHCb and Belle
e On R(D®M), (sub)-% level precision can be reached

o @ Belle, one of the dominant systematics from D** background, can be studied in more detail

with Belle |l data .


https://arxiv.org/abs/2101.08326

b—=udw: new Belle measurements

e Challenging due to B—X.¢ v contamination: clear separation through kinematic

variables, e.g. lepton momentum endpoint or low Mx

i . \
e Full Reconstruction of hadronic Bwaag (NIM A 654, 432-440 (2011) ) .\
Charged Lepton Pl

e Inclusive measurement: measure the 6 kinematic variables in the phase space of Eg > 1 Momentum

GeV 2 B 2 o o

Q2 EE M, M2 P, P
é+
AN | zonl] L L] i 5 BZ"v
>T<° 1:25 T e o >1$: """ o u —0:L‘,_'.~ f 0.12 2 5 } .... ol : ?
%1.00- misl ™ %1'”’ ":’:Lq_‘L E3= | %0'10 J:L{-L \Y(4S)/ \/Xu
307 T g 10 _._.—’TI:L | 4 5ol T Hadronic Tag Signal Side
0.00 *, 1 1 1 1 000 l 1 1 1 o L t—o— e 1 £ s

0.0 0.5 1.0 1.5Mx ll:’éeV]Z.S 3.0 3.5 4.0 1.0 1.2 1.4 1.5E[81[_8Gev;;‘0 2.2 2.4 2.6 M S e > @ <€ e
LTI = Doe = R ke
&030 - - ;.11.00 { '. ) | T i M1 | .
s g, 5 El I ; [ {1 Necessary input for future model-
D o0 T % osof LT | o) | independent determinations of |Vup|

- | 0.25 .J_] 0.10 | - :
M)% (GeV2] 00 05 1.0 1.5P+ lzgeV]z.s 30 35 4.0 0 1 2 5 [Gév] 4 5




Radilabive and Eleckroweale
penguiin deca Ys




D—sy state of the art

e b—sy transitions excellent probe for physics beyond the Standard
Model

e BF ~ 105, large uncertainty in the exclusive measurements due
to form factors, which cancels in CP and isospin asymmetries
(ratios of rates)

e State of the art, best measurements from Belle:

B-K*y B-Xsy
BF precision 3% [4] 10-12% [2] , [3] N§
U m
Acp consistent with zero and SM predictions [1], [4] =
.......................................................................................................................................................................................................................................................................... o
Ao- first evidence for |sosp|n consistent with zero [1] E
violation @ 3.10[4] | S
> |
e Can be improved with the larger data set by Belle Il in future 0~ 555 Bo4 5 56 B 28

M., (GeV/c?)

[1] Phys. Rev. D 99, 032012 (2019), 711 fb-1, [2] Phys.Rev.D 91 (2015) 5, 052004, 711 fb-1,
[3] PRL 103, 241801 (2009), 605 fb-1, [4] Phys. Rev. Lett. 119, 191802 (2017), 711 fb-1
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D—sy: first results at Belle |1 (1)

AE = gM—f;‘ame _ \/5/2

e B— K*y branching fraction measurement, with % 4 Dt
> o5 —Fit Belle Il
63 b~ = F o . (Preliminary)
Q& 20F 2 /, .
. . = F SCF _[Ldt = 62.8 fb
o full reconstruction of the decay chain: 8 15F
charged and neutral K* + high energy S Y \
c - ®
photon S sE | \\ *
0R —T’/Ill' — p T T LT
-04 -03 -02 -0.1 0 0.1 0.2 0.3
- : AE [GeV]
e Measured BR consistent with world average
values at1-2 ¢ () BY = K**[K* 7]y
e CP and isospin asymmetry measurement
Mode Br (fit) x10-° |

foreseen in the next iterations of the
analysis B® - K*[K*n~]y [ 4.5+ 0.3(stat) + 0.2(syst)

B® - K*°|Kn®|y 4.4 + 0.9(stat) + 0.6(syst)
B* - K**[K*n’]y 5.0 + 0.5(stat) + 0.4(syst)

B* - K**|K{nt|y 5.4 + 0.6(stat) + 0.4(syst)
13




D—sy: first results at Belle Il (1)

e B— X,y with untagged method, x. I o /
_ «— B «~|Y(4S)|— —
63 b 75 -
e Reconstruct only high energy y untagged 7>
from signal side, s Be,,e W
. . . 2.0
monochromatic particle is : BeIJ!e I prefiminary =8 Backoround 85 -
o ] £=62.91b" I Background B°B°
eXPeCted — b Bl Continuum
O Continuum error
; 1.0 { Data
_ S 05
e Extract signal from photon energy 2
O
spectrum % 5000 F
g, | by
e Excess visible in the expected ir | byt by * oy
Slgnal region g 150 175 2.00 225 250 275 3.00 3.25

EY[GeV]




B KM R(K™) status of the art

RK(*) —

B(B— K™ utpu™)
B(B - K®ete)

e Evidence of lepton universality violation on B"= K"I"I" from

LHCb (arXiv:2103.11769) at 3.10 level

o Belle measurements on full dataset (711.1b="): ' me

e R(K") measurement, charged ratio never measured before

e Statistically limited

D

BELLE

e R(K) measured in @2 bins, in agreement with SM
expectations

Belle, PRL 126, 161801 (2021)
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BaBar

. 3

0.1< ¢*<8.12GeV/c*
[PRD 86 (2012) 02]

= , DBelle

10 < ¢* < 6.0GeV/e?
|[JHEP 03 (2021) 105]

WO LHCb 9 fbo

1.1< ¢*<60GeV/c?

[LHCb-PAPER-2021-004]

1 I 1 L 1 1 l 1 1

1 1.5
RK
F ®

Q? 1.0 _ | 7~ -

: H% HH  Belle
\0_5\ o JHEP 08 (2017) o554+ LHCDb -
_ Phys. Rev. D 93, 052015 %/ BaBar d
_ SM prediction |

OO | . ] A l . ; ] . . N . 1 . ; . .
0 5 10 15 20

¢° (GeV?/c?)



https://arxiv.org/abs/1904.02440

B—K||: status and perspectives at Belle ||

D

e Search for B+—K+¢+¢ with 63 fb-1 of Belle Data Belle |1 preliminary, BELLE2-NOTE-PL-2021-005 L@V
g~ 18 Belle I
. - . S t6f ¢+ s Belle I
e rehearsing analysis using B+—J/ (¢+¢)K™ control 2 A prelmmary-1
sample (same final state but large BR) S 1of Combinatoria Backgrowng | -0t = 62.8 T
8 10: P Peaking Background N P
. . _ 5 B" > K" I
e Signal yield extracted from 2D fit to Mpc and A4E, D 8f "
- = gou - 5
2.70 significance 3 O I |
41— ® | o
o Nig = 8.6775(stat) £ 0.4(syst) T
o = A A AN S TR N A S B
5.2 5.21 522 523 524 525 526 5.27 528 5.29
M, . [GeV/c’]

MbC — \/Egeam T ‘p_B) |2

e Long term perspectives for R(K():

e LHCb with full luminosity (~2035, 300fb™) is expected to have better precision in the low g2 wrt
to full Belle Il data sample

e In the high g2 Belle Il precision will reach few % level
16


https://docs.belle2.org/record/2310/files/BELLE2-NOTE-PL-2021-005.pdf

b—svp: state of the art prior to Moriond2021

e SM predictions:

v
T. Blake et al, Prog. Part.Nucl. Phys.92, 50 (2017) 7 / =
— _ 14 >
BR(B" — K vi)gm = (4.6 £0.5) x 1079, W3 W;: Wt
+ ol — 1 —6
BR(BT™ - K*"vi)gm = (8.4£1.5) x 1077, b s b e
(a) Penguin diagram (b) Box diagram

e Possible enhancement in NP scenarios, e.g. Leptoquark models

Cornella et al, arXiv:2103.16558

explaining flavour anomalies . S T A I I
— parameter regions preferred for
,.E’i) [ diffgrent type of NP interactio.n _
e BaBar and Belle key ingredient: hadronic and semileptonic tag '3 1.sp consistent win avour anomales -
side reconstruction B 20
- UL @ 90% CL (1075) | Ref T g
B+l 16 BaBar, HAD+SL TAG, 429 fb~ g | -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- R 1.4F =
B+— K Uy 4.0 Belle, HAD TAG, 711 fb-1 \g
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" T 9L ' _'
Bo—K°ui 2.6 Belle, SL TAG, 711 fb-1 R -
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ Q
Boo K °uT 1.8 Belle, SL TAG, 711 fb-1 1-?.0' — '1f2' — 1'4 — 'lf().' — '1f8' E—

- M;, [TeV]



https://doi.org/10.1103/PhysRevD.87.112005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.091101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.091101
https://arxiv.org/abs/2103.16558

B+—K+oo measurement @ Belle I (1) e smouownns

NOVEL INCLUSIVE APPROACH on 63 fb of Belle
Il data:

co

o))
—

e Signal kaon = highest pt track :

-
—

fraction of events

N
L} l . L

e Associate all other tracks and clusters to other B
iNn the event ol

e Use multivariate approach (2 BDTs in cascade)
based on kinematics, event shape and vertexing _ R _
. —KVV
variables to suppress background

e Signal efficiency ~ 4.3 % (S5M signal) ‘};% ‘% /

18


https://arxiv.org/abs/2104.12624

—

B*— K*oo measurement @ Belle || (1) selelobatvnosacs

|

2000
Belle 11 , _
_ _ _ [£dt=63m" Signal-like
e Check data-simulation agreement in _ 200 ' sample
_ N N 1500 &, 2 150 (muon removal,
BDTs output using B™"—=J/w(u+u)K BG-like /é/v/ 100 momentum
sample = / Ef) 50 correction)
control sample (omuon| £00F4f &
removal) E ¥ 0.0 0.2 o(.4 0.6 o.§s 1.0 M
- - g - BDT,(BDT, > 0.9
e Data/McC ratio in fit region: 1.06 = 0.10 500 b/ IB 5K 3/p -, MC & B*K*J/i,,-, Data| -
/llZ]B+—>K+J/¢_>¢ p MC ¢ B+—>K+J/’t/)_>//rl/ Data
B*—K" vy MC —
O ’/ | R W W——
0.0 0.2 0.4 0.6 0.8 1.0

BDT,

e Extract signal from simultaneous maximum likelihood fit to on-resonance
+ Off- resonance data (taken 6oMeV below Y(4S5) resonance) in bins of

pt(K+) and second BDT (BDT>):

0.93<BDT»<0.950.95<BDT,<0.97:0.97<BDT,<0.99: 0.99<BDT,
| - a

CRI | : Belle II _ -
[Ldt=(63+9) !

400

BT SK ww A

]
I;@

R e ———————— | s 300 -

Signal strength: - consistent with SM exp (u=1) at 1¢ E E gs:;;aeldBB

_ 4 7429 +1.8 - consistent with background-onl £ BN Continuum
p =4.275q(stat) 1 e(syst) |7 omB 'th backgrou Y 200 b Data

hypothesis at1.3 o

100 scaled by 2 ]

Leading systematics: background normalisation uncertainty can be also 0.5 2.0 2.43.50.52.0 24350520 2.4350.52.0 2.4 3.5

reduced with increasing statistics pr(K¥)[GeV/c]
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https://arxiv.org/abs/2104.12624

e _ -

B+— K+vo measurement @ Belle Il (111) el ansnc,|

|

e NO evidence for signal, upper limit on BR using CLs method (assuming SM signal)

BB > K*i) < (4.1+£0.5)x 10> @90% CL

e Comparing theory and experiments:

Average
‘1 14+0.4
-_
+ + +1.6 5 | Belle 1 (63 fb~!, Inclusive)
Q%(B — K VI/) — 1 9_1 5 X 10 : * )*1%  This work prellmlnary
|
S | . Belle (711 fb~ !, SL)
 When converted to the same luminosity, i 1.0+0.6 PRDO6, 091101
our measurement is better”) than semi- i o Belle (711 fb!, Had)
30+1.6 PRD87, 111103
leptonic tagging by 10-20% :
| —1
* ... and than hadronic tagging by a 1T | | E%ﬁ%&%ﬁ ?12%35 ’ IHadJ’SL)
factor 3.5! 0 9 4 6 3 10
*) assuming the total uncertainty on the branching-fraction scales with 1/4/L _
10° x Br(BT—=K " vi)

e Room for improvement in K™ channel, application of inclusive method to other
channels in progress

20


https://arxiv.org/abs/2104.12624

Conclusions

e Belle is still producing interesting results, moreover the accumulated knowledge on MC modelling, analysis
techniques, etc. will be beneficial for future measurements by e.q. Belle Il or LHCb

e SuperKEKDB has set a new world record in instantaneous luminosity of 3.1x1034 cm-2s-1 and is entering the regime
of a “Super B factory”

e plan to record 5o ab~1, 30x Belle dataset, by 2031

e As proven by performed measurements in agreement with world averages, Belle Il detector is performing very
well

e |In the SL and EWP sector:

e complementarity with LHCb

e preliminary results on channels of interest and competitive measurements based on new analysis technique

e B"—=K"vv inclusive measurement in the same ballpark wrt Belle and BaBar ones with ~1/10 Belle statistics

e Belle Il is starting playing a role in understanding the flavour physics puzzle.
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B—K®Il: Belle |l perspectives

, | D
' The Belle II Physics Book] ) @ 2022

— 0.3 YR , i 1 1 1 111. ‘/ I Belle I ' I '::’ } ' '

X 31
RXoE ] Belle Il 2019

=
e . ,
0.25 et Pro;ectlons for R(K) -

oof % ee@e(0.140)GeV? _

WM 'f;- @ (4.0,8.12) GeV? 0.4—
%W =2 €(1.0,6.0) GeV?
. e P>1418GeV2 0.3
*ayw., v whole g

The Belle Il Physics Book, PETP 2019, 123C01 (2019)
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10
Integrated Luminosity (ab™) 1 10

m— S—

e LHCb with full luminosity (~2035, 300fb™) is expected to have better precision in
the low q2wrt to full Belle Il data sample,

In the high g2 Belle Il precision at few % level
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https://arxiv.org/pdf/1808.10567

MELBOURNE

Belle ll

Higher sensitivity to decays with
photons and neutrinos (e.g.
B—Kvv, pv), inclusive decays,
time dependent CPVinBq T
physics.

LHCb

Higher production rates for ultra
rare B, D, & K decays, access to all
b-hadron flavours (e.g. Ab), high
boost for fast Bs oscillations.

Overlap in various key areas to
verify discoveries.

Upgrades

Most key channels will be stats.
limited (not theory or syst.).
LHCb scheduled major upgrades
during LS3 and LS4.

Belle Il formulating a 250 ab-
upgrade program post 2028.

arXiv: 1808.08865 (Physics case for LHCb upgrade Il), PTEP 2019 (2019) 12, 123COI (Belle Il Physics Book)

Beauty 2020

Belle II - LHCb Comparison

+ Important contributions on B and D flavour

physics from ATLAS, CMS, BESIII.

Observable “Beny 2019 Bellell  Bellell  LHCh 0 07
Babar ~ LHCP  (Sab®d) - (0ab®hy @3 o0 Goomo)
KM precision, n hvsics in CP Violation
¥ sin 2p/p1 (B— Iy Ks) 0.03 0.04 0012 0005 0011
¥ v/0s 13° 5.4° 4.7° 1.5° 1.5°
¥ o 4° - 2 0.6° _
I V| (Belle) or [Vul/|Ves| (LHCD) 4.5% 6% 2% 1% 3% 1%
s — 49 mrad - — 14 mrad 4 mrad
ok Scr(B—m’ Ks, gluonic penguin) 0.08 o 0.03 0.015 o 0.007
¥ Acp(B—Ksn0) 0.15 _ 0.07 0.04 _ 0.02
New physics in radiative & EW Penguins, LFUV
¥ Scp(Ba—K* y) 0.32 o 0.11 0.035 o 0.015 ,
¥ RB—-K'II) (1<q2<6 GeV?/c2) 0.24 0.1 0.09 0.03 0.03 0.01 0.01
¥ RB-D'w) 6% 10% 3% 1.5% 3% <1% 1%
Br(B—1v), Br(B—K*w) 24%, — — 9%,25% 4%, 9% — 1.7%. 4%
Br(Bi—pp) - 90% - -~ 34%,
Charm and t
¥ Adcp(KK-nrm) —  8.5x104 —  54x104  1.7x104 2x10
¥ Acp(D—nn0) 1.2% - 0.5% 0.2% _ 0.1%
Br(t—ey) <120x%10- —  <40x10% <12x10-° —  <5%109
Br(t—ppp) medesexpected <21x109 <46x109  <3x109 <3x109 <16x109 <023x10°  <5x10°

Phillip URQUIJO

o Possible in similar channels, lower precision
— Not competitive.
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Indirect searches: ATLAS

e https://twiki.cern.ch/twiki/bin/view/AtlasPublic

e https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-009/fig 01.png

e https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-020/fig 23.png

ATLAS Exotics Searches™* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: March 2021 [£dt = (3.6-139) fo! V5 =8,13TeV
Model (,y Jetst EI™ [rdt[fb™] Limit Reference
T T LI | I T T T T T T L | I T T T T T T LI ) I T T T T
<é> ADD Gkk + g/q Oeu, 1,y 1-4j Yes 139 Mp 112TeV n=2 2102.10874
S ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n =3 HLZNLO 1707.04147
‘é’ ADD QBH - j - 37.0 M, 8.9 TeV n==6 1703.09127
©  ADD BH multijet - >3j - 3.6 | M 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
£  RS1Gkk —yy 2y - - 139 | Gkk mass 45TeV Kk/Mp = 0.1 2102.13405
O Bulk RS Gy > WW/ZZ multi-channel 36.1 Gk mass 2.3 TeV k/Mp; = 1.0 1808.02380
8 Bukk RS Gkx — WV — tvgq 1eu 2j/1J  Yes 139 | Gkkmass 2.0 TeV k/Mp = 1.0 2004.14636
& BukRSgkk — tt leu >1b>1J/2 Yes 361 |8k mass 3.8 TeV r/m=15% 1804.10823
2UED / RPP leu >2b,>3j) Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(A®D — tt) =1 1803.09678
SSM 7’ — ¢« 2epu - - 139 | Z' mass 5.1 TeV 1903.06248
@ SSMZ" - 1t 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
= Leptophobic Z” — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oeu >1b,>2J Yes 139 Z’ mass 4.1 TeV r/m=12% 2005.05138
S  SSMW’ ¢y 1enu - Yes 139 | W’ mass 6.0 TeV 1906.05609
o SSM W’ — v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
g> HVT W - WZ — fvqgmodel B 1 e, pu 2j/1d Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
T HVT Z’ — ZH model B 0-2e,pu 1-2b Yes 139 Z’ mass 3.2 TeV gv =3 ATLAS-CONF-2020-043
S HVT W’ - WH model B Oeu >1b>2J 139 | W’ mass 3.2 TeV gv=3 2007.05293
LRSM Wk — tb multi-channel 36.1 Wk mass 3.25 TeV 1807.10473
LRSM Wk — /JNR 2}1 1J - 80 Wg mass 5.0 TeV m(NR) =05TeV, gL = gr 1904.12679
g: ?;qq ) - 2] - 37.0 A 21.8TeV 1, 1703.09127
— qq e u - - 139 A 358TeV. 7, 2006.12946
O Cleebs 2e 1b - 139 |A 1.8 TeV g =1 ATLAS-CONF-2021-012
Cl pubs 2u 1b - 139 A 2.0 TeV g.=1 ATLAS-CONF-2021-012
Cl tttt >1eu >1b,>1j VYes 36.1 A 2.57 TeV [Cae| = 4r 1811.02305
Axial-vector med. (Dirac DM) Oeu, 1,y 1-4j Yes 139 Mped 2.1 TeV 84=0.25, g,=1, m(x)=1 GeV 2102.10874
s Pseudo-scalar med. (Dirac DM) Oe,u, 7,y 1-4j Yes 139 Mmed 376 GeV gq=1, g,=1, m(x)=1 GeV 2102.10874
Q Vector med. Z’-2HDM (Dirac DM) 0O e, u 2b Yes 139 Mped 3.1 TeV tanp=1, gz=0.8, m(y)=100 GeV ATLAS-CONF-2021-006
Pseudo-scalar med. 2HDM+a Oe,u 2b Yes 139 Mped 520 GeV tanp=1, gy=1, m(xy)=10 GeV ATLAS-CONF-2021-006
Scalar reson. ¢ — ty (DiracDM) 0-1e,u 1b,0-1J Yes 36.1 my 3.4 TeV y=0.4, 1=0.2, m(y)=10 GeV 1812.09743
Scalar LQ 15t gen 2e >2j Yes 139 LQ mass 1.8 TeV p=1 2006.05872
Scalar LQ 2" gen 2u >2] Yes 139 | LQmass 1.7 TeV B=1 2006.05872
O Scalar LQ 3 gen 17 2b Yes 139 | LQj mass 1.2 TeV B(LQY — br) =1 ATLAS-CONF-2021-008
= Scalar LQ 3" gen Oe,u >2j,>2b Yes 139 LQY mass 1.24 TeV BLQY > tv)=1 2004.14060
Scalar LQ 3 gen >2e,pu,>217>21),>1b - 139 | LQS mass 1.43 TeV BLQY - tr) =1 2101.11582
Scalar LQ 3" gen Oe,u,>171 0-2j,2b Yes 139 LQf mass 1.26 TeV B(LQY — by) =1 2101.12527
VLQ TT - Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
>@ VLOBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
S g VLQTs3TsslTss > Wt X 285)/>3epn>1021] Yes 361 | Tsjsmass 1.64 TeV B(Tsj3 = Wi)=1, c(Ts5;3Wet)=1 1807.11883
I 8- VLQY - Wh + X Teu =21b>1 Yes 36.1 Y mass 1.85 TeV B(Y — Wb)=1, cr(Wb)=1 1812.07343
VLQ B - Hb+ X 0eu >2b,>1j VYes 79.8 B mass 1.21 TeV singlet, kg= 0.5 ATLAS-CONF-2018-024
VLQ QQ — WqWygq 1eu >4 Yes  20.3 1509.04261
S té) Exc!ted quark q’f - qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q") 1910.08447
g S Excited quark g* — qy 1y 1] - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q*) 1709.10440
§<> & Excited quark b* — bg - 1b,1] - 36.1 b* mass 2.6 TeV 1805.09299
w § Exciteg :epton * 33 eu - - 20.3 A =3.0TeV 1411.2921
xcited lepton v* euT - - 20.3 AN=16TeV 1411.2921
Type Ill Seesaw 1eu >2j Yes 139 N° mass 790 GeV 20008.07949
LRSM Majorana v 2u 2] - 36.1 Ngr mass 3.2 TeV m(Wg) =4.1TeV, g =gr 1809.11105
S Higgs triplet H** — ¢¢ 234e,u(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
£ Higgs triplet H** — (7 3eurt - - 20.3 DY production, B(H;* — 1) =1 1411.2921
(@) Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |g| = 5e 1812.03673
Magnetic monopoles - - - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
v_=13'rev v-=13Tev L1 11 I 1 1 1 L1 1.1 I L 1 L 1 L1 11 I 1 L 1 1
partial data full data 1071 1 10

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).

Mass scale [TeV]

phenomena is shown. Many of the limits are based on

. simplified models, c.f. refs. for the assumptions made.

July 2020 \/E =13 TeV
. i A
Model Signature  [Lar (7] Mass limit Reference
L] T Ll T L] T T L] I T T T T
4, G—qt" Oe,u 2-6jets EMSS 439 | § [10x Degenl] 1.9 m(¥})<400 GeV ATLAS-CONF-2019-040
. mono-jet  1-3jets EMs 351  [§[1x, 8% Degen] 0.43 0.71 m(g)-m(¥})=5 GeV 1711.03301
% 2z, 2-qa¥) Oep  2Bjets  EP™ 139 |& 2.35 m(¥)=0 GeV ATLAS-CONF-2019-040
= g Forbidden 1.15-1.95 m(¥7)=1000 GeV ATLAS-CONF-2019-040
% 2z, §—>qu)?? 1epu 2-6 jets 139 g 2.2 m(¥})<600 GeV ATLAS-CONF-2020-047
QL 223t Y ee, it 2jets  EF™ 361 |2 1.2 m(z)-m(¥))=50 GeV 1805.11381
§ 22, —qqWzxt\ Oe.u 7-11jets EF™ 139 | & 1.97 m()??? <600 GeV ATLAS-CONF-2020-002
5 SSe,u 6 jets 139 g 1.15 m(g)-m(¥})=200 GeV 1909.08457
= 3 B} _
=z g0 0-1e,u 3b  EFs 798 |z 2.25 m(¥})<200 GeV ATLAS-CONF-2018-041
SSe,u 6 jets 139 |2 1.25 m(z)-m(¥})=300 GeV 1909.08457
biby, by —bi" 0t Multiple 36.1 by Forbidden 0.9 m(¥0)=300GeV, BR(bY")=1 1708.09266, 1711.03301
Multiple 139 | b, Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(:Y})=1 1909.08457
b1by, by —b¥ — bhi) Oe.u 6b EP™S 139 | b Forbidden 0.23-1.35 Am(®S,7)=130 GeV, m(¥})=100 GeV 1908.03122
2s 27 2b EPS 139 | By 0.13-0.85 Am(FS 1)=130 GeV, m(t})=0 GeV ATLAS-CONF-2020-031
§ ‘§ iy, -t O-lep  >ljet  EP™ 139 |G 1.25 m(t))=1 GeV ATLAS-CONF-2020-003, 2004.14060
&8 i, i—oWhi 1eu 3jets/1b  EMS 139 i 0.44-0.59 m(t})=400 GeV ATLAS-CONF-2019-017
g §. iy, i =71bv, 711G Tr+lepr 2jets/tb EMS 361 |7 1.16 m(#)=800 GeV 1803.10178
S8 nn, —>c)?? | €¢, 5—»&(? Oe,pu 2¢ EPS 361 ¢ 0.85 m(¥})=0 GeV 1805.01649
B ‘ 7\ 0.46 m(i; &)-m(¥})=50 GeV 1805.01649
Oe,u mono-et EMs 361 |7 0.43 m(7, ,&)-m(¥))=5 GeV 1711.03301
T, fi X9, X9—Z/ Wi 1-2e,p 14p  EMS 139 |7 0.067-1.18 m(7%)=500 GeV SUSY-2018-09
b, - +2Z 3e,u 1b EMS 139 |7 Forbidden 0.86 m(¥?)=360GeV, m(7,)-m(t})= 40 GeV SUSY-2018-09
XX via Wz 3e,u EMs 139 | @ /,\7‘&' 0.64 m(¥)=0 ATLAS-CONF-2020-015
ee, U >ljet  EP™ 139 | ¥/, 0.205 m(7)-m(t})=5 GeV 1911.12606
XX via ww 2e.p EXS 139 | & 0.42 m(E0)=0 1908.08215
_ Vi via wh O-leu  2b2y EMS 139 | ¥R Forbidden 0.74 m(¥1)=70 GeV 2004.10894, 1909.09226
= Sé XX via fy /v 2epu EF™ 139 X 1.0 m(Z,7)=0.5(m (¥} )+m(t))) 1908.08215
WS 77 7ot 27 Emss 439 |7 [, 7RL] 0.16-0.3 0.12-0.39 m(E))=0 1911.06660
TLrlLR, =00 2e,u 0 jets Eif‘“ 139 |7 0.7 m(E))=0 1908.08215
ee, up >1ljet EM™ 139 |7 0.256 m(Z)-m(¥})=10 GeV 1911.12606
HH, H—hG[ZG Oe,u >3h ENS 361 | A& 0.13-0.23 0.29-0.88 BR(¥] — hG)=1 1806.04030
de,u Ojets  EiMs 139 | @ 0.55 BR({} — ZG)=1 ATLAS-CONF-2020-040
® © Direct ¥i ¥ prod., long-lived ¥} Disapp. trk ~ 1jet ~ EMs 361 ii 0.46 Pure Wino 1712.02118
=3 ¥ 015 Pure higgsino ATL-PHYS-PUB-2017-019
2 %‘ Stable g R-hadron Multiple 36.1 |2 2.0 1902.01636,1808.04095
S 2 Metastable g R-hadron, g’ Multiple 36.1 |& [(® =10ns,02ns] 2105 2.4 m(E))=100 GeV 1710.04901,1808.04095
g &—q9X)
BT I X sze—ece 3eu 139 | /%) [BR(Z7)=1, BR(Ze)=1] 0.625 1.05 Pure Wino ATLAS-CONF-2020-009
LFV pp—v; + X, vr—eu/et/ut epL,eT,UT 3.2 Ve 1.9 A4,,=0.11, A132/133/233=0.07 1607.08079
TR IS — wwyzeeetvy 4e,p Ojets  EP™  36.1 |G E0ANE0 0.82 1.33 m(¥})=100 GeV 1804.03602
3%, 5—qg%, XY - qqq 4-5large-R jets 36.1 |z [me¥7)=200 GeV, 1100 GeV] 1.3 1.9 Large A7), 1804.03568
E Multiple 36.1 g [X),=2e-4, 2e-5] 1.05 2.0 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
@ 7, i), X - ibs Multiple 361 |1 [4,=2e4,1e-2] 0.55 1.05 m(¥!)=200 GeV, bino-like ATLAS-CONF-2018-003
if, isbX1, XT — bbs > 4b 139 i Forbidden 0.95 m(¥7)=500 GeV ATLAS-CONF-2020-016
iy, fj—bs 2jets+2b 36.7 i lqq, bs] 0.42 0.61 1710.07171
fif, fi—>qt 2epu 2b 361 |7 0.4-1.45 BR(7) —be/bu)>20% 1710.05544
1u DV 136 | f [le-10< 2, <1e-8,8e-10< 4], <3e-9] 1.0 1.6 BR(71 —qu)=100%, cosf,=1 2003.11956
L L L L L L Il L Il L Il L
*Only a selection of the available mass limits on new states or 107! Mass scale [TeV]


https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-009/fig_01.png
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-020/fig_23.png

EecL clean up in B—=D+*/v Belle Il analysis

Belle Il coll.,BELLE2-CONF-PH-2020-009

Belle Il  preliminary fﬁ dt=34.6fb™! Belle Il preliminary f[l dt=34.6fb~1
" No beam background suppression m 5Dt 40 | Beam background BDT applied . 5-D"Mv
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FIG. 3. Two versions of Egcy, are shown: (left) is the version applying detector region dependent
energy selection criteria, (right) shows the impact of using a BDT to identify neutral energy
depositions from beam background processes. It is based on shower shape variables and the detector
region of the reconstructed neutral cluster.
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https://arxiv.org/pdf/2008.10299.pdf

