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Why penguins (and boxes)

~ Decays with a b — s£7¢~ transition are heavily suppressed in the SM
= FCNC proceeds via loop diagrams = BFs < 10-¢
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Contributions from several experiments g
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Outline

FGS
-Search for B - K v ™

- Differential BF rates

-B — K*¢¢ angu\ﬁar observables

Originally from BaBar

Penguin from Jeff Brassard
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Very rare: B ~ 107

Purely leptonic B




B;) — utu~ and B - utu

~ FCNC and helicity/Cabibbo suppressed

. TBqG;iMa/ sin® O —
BBy = u U sm = g=d,s
872
Clipped from .
single Wilson coefficient & single hadronic constant (known at ~0.5%!) Marco Santimaria
ILLJF [PRD 98 (2019) 074512]
SM Predictions JHEP 10 (2019) 232

% (BSO — /f“/f) = (3.66 + 0.14) X 10 — 4% uncertainty
%B (B’ - putu~) = (1.03£0.05) X 107° — 5% uncertainty

1
~ BFs out of reach from B-factories, but their measurements are key

Normalization from BT — J/w K™
(and B® - K* 7z~ in LHCDb)
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B — p*u~: ATLAS and CMS
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https://arxiv.org/abs/1812.03017
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A factor of ~104 from SM
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PRL 124, 211802 (2020)
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JHEP 10, 232 (2019)

A factor of ~103 from SM
for electrons
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Semileptonic .

J/$(15)

B(S) — HETEC

Medium rare: B ~ 1077




B — KY¢# and cousins

~b — s~ transitions can also be studied in semileptonic decays
= Not as suppressed, but still rare with BF ~ 10-7

!

i
Cél) ¢(25)

contributions from CC
Clipped from above open charm
Mick Mulder threshold

4 [m(p))?

Branching fractions

Angular observables LFU ratios £y, =
. . e * 9B(H, — Hee)
Simpler for LHC (focus on p), Minimal FF uncertainties,
but large theory uncertainties

though sensitive to charm loops Theory uncertainty of ~1%, but

electrons harder at the LHC
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Search for B = K v from Belle |

Data vs post-fit predictions in CR1l + SR

* _ . . EO.93§BDT2<O.95§0.95§BDT2<0.97§0.97§BDT2<0.$.99 0.99<BDT, ]

~B — K%uv only accessible at the B-factories R EVU il e < B

= b — suU transition, rate enhanced by 3 neutrino flavors 2™ E %

~ Belle Il already achieving milestones
- Highest instantaneous lumi. ever (2.4 x 1034 cm-2 s-!), recorded 100+ fb-1 0

0.5 2.0 2.4350.520 24350520 24350520 24 3.5
pr(K")[GeV/c]

~ Inclusive Biag reco first selecting Bsig
Filippo Dattola,

= 10x more efficient than semileptonic tagging YRR g Competitive with 10x less data!
Final dataset 1000x larger
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https://docs.belle2.org/record/2330/files/BELLE2-TALK-CONF-2021-018.pdf
https://docs.belle2.org/record/2330/files/BELLE2-TALK-CONF-2021-018.pdf

Ditterential BF rates

~ First measurements of B — K¢/ at Tevatron and the B-factories

= Consistent with expectations though large uncertainties
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.107.201802
https://arxiv.org/abs/0904.0770
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032012
https://doi.org/10.1007/JHEP09(2015)179
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https://doi.org/10.1007/JHEP06(2014)133

Angular observapbles in B — K*£¢

3 angles
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https://arxiv.org/abs/1207.2753
https://link.springer.com/article/10.1007/JHEP10(2016)075
https://arxiv.org/abs/2003.04831

Pg ahd Q4’5 in B — K*ff
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LFU £+ at Belle

BB —- K (*),u,u)

~ Measured all isospin variants for & g =

BB — KOee)  go:
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JHEP 03, 105 (2021) arXiv:1904.02440
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https://arxiv.org/abs/1904.02440
https://link.springer.com/article/10.1007/JHEP03(2021)105

LFU £+ at Belle: results

¢ Muons \ [ Electrons \ R i+ with 100% of Belle's dataset: 711 fb-!

| |
| |
| : 2 :
o | 0 B60F 1.8 =
= sl NOU =164+ 15 | = NOU= 160 + 16 g :
- = ‘_ r ]
= | o O .41 -
S 40] S,k Kete™ ;i ;
S S 40 + 1.2F = (. tibl Iith
?30_ :303_ ’ m¥ |ty .............. SN F— & Ompa I c Wi
P o UL - ]
£ ol | £ : 0-8F E %SM ~ 1
g 20 | £ 20 » ¥ 0.6/ - e
w 3 d - -
10F :E 10 + ++ s v 0.4 =
; \ : - JHEP 03,105 (2021) -
:.T.’ W‘ B A 0.2 N 7 ]
0 b u 0 : ol A I R BRI B
| 52 522 524 526 528 53 | 52 522 524 526 528 53 0 5 10 15 20
M,_ (GeV/c?) M, (GeV/c?) o? (GeV?/c?)
‘“g 90 It(l)tl T Y o ']\']t(')tl 103 |_|_13 i 207
- _ = - — - :
§ sor N, =140x16 + g b e - | arXiv:1904.02440
O C 50+ ] - 1
S o w 4 — g ] 15} __ .
s« Kptp S | " | | |
» ol | smamglN Compatible with
: : | o SM
N\ N - 4+ Data for B and B+ modes |
""" _ I SM prediction
A e

E 1 1 1 1 1 1 1 1 1 | 1 3
5.22 5.24 5.26 5.28

2 2/.4
M, (GeV/c?) g~ (GeV</c?)

Manuel Franco Sevilla APS April meeting 2021: Electroweak penguin anomalies Slide 17


https://arxiv.org/abs/1904.02440
https://link.springer.com/article/10.1007/JHEP03(2021)105

~ At LHCb, electrons are major challenge

Magnet ECAL

E,

E,

Unofficial from M. Borsato

| | | | |
1.0H — B — J/Y(ee) K —
— B = J/Y(upu)K”
0.8 —
Missed upstream ECAL
Algorithm to recover 06} bremsstrahlung -
resolution
upstream bremsstrahlung
when E, > 75 MeV 04 / _
0.2}~ _
0.0
46 48 50 52 54 56
Downstream m(Knll) [GeV/c?*]

bremsstrahlung follows
the track: easy to find

Electrons have worse mass resolution

and are more difficult to trigger on

~ Use double ratio with B - K J/w(— £¢)

B(BT — KT ™)

rare
NM i

B(BT — KTeTe™) L

= B(BT — K*J/y(p 1))

B(Bt — KTJ/p(ete )  n/¥

/fﬁ""' el Y
81’&1’6_ l

put
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https://arxiv.org/abs/1705.05802
https://arxiv.org/abs/2103.11769

I Combinatorial =
B—Xe" e 3

B B =Ky
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& 1000 =
-« SE BT T
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m(K*mete™) [MeV/c?]

Manuel Franco Sevilla

~ Backgrounds reduced with
- Tight PID

= \/etoes on invariant masses, eg m(K*e) > m(DY)

= Multivariate classifiers

~ Combinatorial and partially-reco bkgs free in fit

~B — K J/y(— ¢¢f) contamination from
resonant fit

~ Signal shapes taken from simulation

= Small corrections obtained from clean B — K J/w(— £¢)
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LFU R+ at LHCb: efticiencies

~ Rare and J/¥ events have identical final states, difference only g2 e

o B [B — K™ J/l//(—)lulu)]
- Check if we understand e with 77, = =
eck IT we u WIth ¥y, R [B — KO J/y(— ee)] Also in bins of lab angle, pr
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Pulls Candidates per 10 MeV/c?2

= 638 = 28
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results

%5?;345, L1 _ ().66+011 +-

of Run 1+2

“o.07 £ 0.03

2.10 from SM

gpll.1,6] — ( 0+0.11

K0

—0.07 —

0.05

PV R B/l JHEP 08, 055 (2017)

R i+ with 100% of Run 1+2

R0 = 0.846

+0.04240.013
—0.039—0.012

3.10 from SM

arXiv 2103.11769
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Conclusions

~b — s transitions are excellent probes of NP

No time to cover, but also

=~ Large bb samples at LHC are key A > pK~uu
. . gplo.1,6] _ b — 0861014 + 005
- B-tactories measurements very important too K — _ = 0.5 —0.11 — 0.0
p AY — pK-ee | o
~ Rates involving muons seem JHEP 2020. 40 (2020}
Systematica"y IOW e LFU ratios in rare B—decays. March 2021
= Individual 2-30 results, but global fit to clean Ll ) %
observables over 4o significance deviation | T *
1.2+ T
~ Exciting times aheao | t T ¢ |
1.0
= | HC still analyzing Runs 1+2 data ;5 3 !
< 08l 1 |
= Run 3 to start next year with 5x inst. lumi at LHCb > 1 } } = o L } i
_ 1 ¢ ]
= Belle 1l will increase B-factories dataset by 50x """ David Marzocca =
= HL-LHC will increase current dataset by 100x 04 Moriond QCD ! :
R Rl REl REC RED REC RES REE RED RE REE
0.2

Manuel Franco Sevilla

APS April meeting 2021: Electroweak penguin anomalies Slide 22



http://moriond.in2p3.fr/QCD/2021/MondayAfternoon/Marzocca.pdf
https://arxiv.org/abs/1912.08139

Originally from BaBar

Penguin from Jeff Brassard



https://pixels.com/featured/penguin-lover-magician-magic-druide-funny-gift-ideas.html

R+ at LHCb: € valiaation

~ Enough overlap between rare and resonant

to check
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R+ at LHCb: results

~ l4r
0 . . ¢ »f  LHCb
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%K*() at LH Cb

~ Compare the Bremsstrahlung Low g2 fit
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0
B(S)

~ Mean of mass shape obtained
from B - KtK~ and B’ - K*n

~ Mass resolution interpolated
from cc and bb resonances

~ Acceptance for effective lifetime
tested with BY — KTK™ and

BY > K*tn™
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Future prospects

Goal: 50 tb-! ————>»  ——Goal: 250 fb'1 ——»
Upgrade 1 Upgrade 11

Runl | LSI1 Run 2 LS2 Run 3 LS3 Run4 |LS4] Run5 |LS5| Run6

2011 201212013 2014 | 2015 2016 2017 201882019 2020 202112022 2023 2024 (2025 2026 202712028 2029 20302031 2032 2033 2034 | 203512036 2037
/O
030 | | |
- Belle — 11 RK
_l Belle — II Ry,
0.25F B
° ° ° LHCb Ry
~ Uncertainties on the LFU ratios LHCD Ro
(o) | —  LHCb R |
expec:ted to reach about 2-3% 0.20 e
= K

with 2025 LHCb dataset

= Belle Il expected to take longer than in plot

Projected uncertainty
- -
— —
- Ot
| |

0.05 -

Bifani, Descotes-Genon, Romero Vidal, Schune
. . . . | | | I I
Journal of Physics G: Nuclear and Particle Physics, 46, 2 (2018) 0.00—7= 5090 509 2030 203
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| HCb upgrades

+——— Goal: 50 b <+—— Goal: 250 tb-! —»
Upgrade 1 Upgrade 11

Runl | LSI1 Run 2 Run 3 LS3 Run4 |LS4] Run5 |LS5| Run6
2011 2012 (2013 2014 | 2015 2016 2017 2018§ 2019 2020 20212022 2023 2024|2025 2026 2027|2028 2029 20302031 2032 2033 2034 | 2035|2036 2037

Runs 1 and 2
40 MHz LO 1.1 MHz 12.5 kHz (0.6 GB/s) |
— Muon stations
PP pEIOWEIEY Detector Events on disk Calorimeters " w4
collisions readout Magnet IcH2 o HeAl

SciFi
Tracker |

o) [ —) b

L —]

Upgrade I (being installed)
40 MHz 100 kHz (2-5 GB/s)

PP Detector Events on disk Vertex 1y
collisions readout Locator

|

Flexible software and better trackers

Upgrade 11 (proposed)

Even better granularity, improved calorimeter,
and fast timing
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