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(complemantary) PGH’\S fo NP @L'HC

P 4/2-\/\’\

Direct

Y

P

New Particles

from the collision?

» searching for the decay products of
potentially produced NP particles

Events /10 GeV

(data-fit)/c

10*

102

-PI\)O

e Data
—— Background-only fit
ric signal at 1.34 TeV, I'/m = 0%
eneric signal at2TeV,I'/m = 0%

- Gen

---- Gene

signal at 3 TeV, I'/m = 0%

ATLAS
{s=13TeV, 139 fb

Aiht ++*+++**++ g it

H}#{.

++}+ b 44 !

3x10?

10°

2x10°  3x10°
m,, [GeV]

New Physics
hiding here?

. R [
Indirect are decays

» searching for NP particles running
in quantum loops (virtual)

0.3

0.2
0.1

SM
10

C

0.0

6C10 u/

-0.1
-0.2

DATA SM

-0.3
Z0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2
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why rare?

e Processes suppressed in the SM = NP effects more readily detectable
e Virtual particles in loops (FCNC) = High mass reach up to 0(100Tev»

e Model-independent NP searches

e Historically: many particle physics discoveries

e LHC: high luminosity = high sensitivity for discovery
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how rare?

baryon lepton GIM helicity EW CKM
number flavour suppressed suppressed penguins suppressed
violation violation e.g. t-c/u e.g. B-pp e.g. b-sll e.g. b-u
NOT-SO-RARE ™ pPRECISION!
§m m om “‘-M e .

MEDIUM RARE & EWK PENGUINS

0 ~10-50 ~10-14 10-9 107 105
VERY RARE ® FCNOC/GIM-+HELICITY

ULTRA RARE @& | FV

2%
H—up
g teoo 1
5 3%
100 =% &
Topup,BSefi % -
104 &0-00 ... 081 %
=T - By oh
3 g.5.880anng 12 Z-yYll 4 i S
e 0.0001% ¢
l —1 1 | el R
10°
RARE
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rare beauty | B—pu

decays highly suppressed in SM
» FCNC- but also helicity-suppressed (mu/mg)2

theoretically clean = precise SM prediction

BBY — ptp™) = (3.664+0.23) x 1077

B(B® - ptu”) = (1.06+0.00) x 10710 7O

high sensitivity to NP

» large class of NP scenarios predicted large
enhancements in decay rates

experimentally clean

» searched for at various high-energy colliders
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Bs— MU a (3-decade) long search

a milestone of the flavour physics program and LHC

CMS and LHCb (LHC run |)
_I]IIIIII'IIIIIIIII

o
©

LETTER opeN

doi:10.1038/nature14474

o
[l

_

Observation of the rare B)—»u*u~ decay from the
combined analysis of CMS and LHCb data

The CMS and LHCb collaborations*

o
o

B(B” - u* ) [107]
o
~

o o
~ O

o
o

o
w
o_lllllllllllllllllll LN LA IIIIIIIIIIIII

(D-IlllllllllllIlllllllllllllllllllllllllllllll-

TI T YT I o SM
e ] AR, AU - S, 10° TII E .0 L Ia
¥ T T 10710 3 B(B‘s’—w*ir) (107

Limit (90% CL) or BF measurement

10 e ciuseeennnsenaunnssasunsansuncassnsnsansnasansnssnssnanasnsanannsnsn nasnn nunann nanann oan f T ...................................... =

B b
108 ’f ........... \ X
X CLEO A Belle —
* ARGUS O BaBar > -y

" vV uA1 B LHCb SM: B, — pu-
10 * % CDF ¢4 cns [T T
VY L3 0 0 ATLAS >

0 _
o | A4 Do ®e cMs+LHCb | SM: B® — ' Q
10 I 11 11 I 11 1 1 I 11 1 1 I 11 1 1 [ 1 1 1 [ 11 1 1 [ lr 11 m
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Year

0 10 20 30 40 50
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B—-uu | Run2 updates

e LHCDb
RUNI + RUNZ2 (PARTIAL) * added first |3TeV data
c'ln_' _||||||||||||||||||||||||||||| ||||_ [ ) Run|+Run2(3+|.4fb-|)Yie|dS
o — - — . .
2 1°F aTLAS Zg:;zgf;a ot . first single-experiment
S — Run 1 +2015-2016 data — Bs— U >50 observation
JF:L 08 :_ —— LHCb Run 1 + partial Run 2 data_: BF(Bs— i) =(3.0+0.7)x1 09 (7.80)
T E T T Hietihood confours for 1 BF(BO—puu) <0.34x10" (95%CL) (1.60)
el Su.. 2 Aln(L) = 2.3,6.2,11.8
@ 0.6 7 e .- v —
o0 . i
41 o ATLAS
] e Runl+Run2 (25+26.3fb-') data
Y IS i
e M, ] BF(Bs—uu) =(28:0.8)x10°9 (4:60)
SN . s 1 BRBP-pp) <0.21x109 (95%CL)
] ~|‘x‘|‘ i .‘l’\:‘\l’\'r“l | I\;
5 (§) /

« CMS
* results with Run2 data being

> Results all of 3 experiments agree between finalised; Run| (25fb"") only:

. e _ 9 (4.3
themselves, and with the SM, within 1-20 BF(Bs— ) =(3.0+1.0)x109  (4:30)
BF(BO—pp) <1.1x10° @95%CL (2.00)
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# candidates / 0.2 ps

4001

200 |

“fast and rare”

MIXING

(2-decade search)

CDF Run Il Preliminary L=1.0fb"
218 =
2 F i
§ |
0.5F } If
0 - | 'Iill Ayl Il |ul | il
- i ,mu_rm[u[m ml ,wil'l || “" I" il
E o | i Il N
e Tagged mixed lll
e Tagged unmixed !

Fit mixed
— Fit unmixed

o 1 2 3 4
decay time [ps]

3 4 5
lation frequency (trillion Hertz)

PRL 97 (2006) 42003 | NL thesis

(=z-decade search)

“doubly sensitive to NP”

CMS and LHCb (LHC run I)
&J 16 _— T T T T T T T T T T T T ]
% - —4— Data ]
= 14 - — Signal and background ]
Syt ] B‘s;—> W ]
- B°— +, - —
8 of e :
D 40 [4- —— - - = Combinatorial bkg. —
s Bl ! 1At - Semileptonic bkg. ]
2 8 — — Peaking bkg. —]
© =l . 1 o
O LIRS 1~
6 — =
- ] §
4 =Y
: / 1
1/ ST
: ............... 4 e . = : = - 4 1 1 - -E':
N SRS St R N SLER AU R AR C
5000 5200 5400 5600 5800
m.,- [MeV/c?]
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Bs—up | lifetime

* Effective lifetime: complementary NP probe

»in SM, only heavy eigenstate decays to U 1 hae

6 — —— Effective lifetime fit

+ J—
1+ Aglg_ys

Arr=+1 in SM
e[-1,+1]in NP

TB,
1 — y2

To+y— =

lllllllllllllllllll

Weighted BS — u*ru candidates / (1 ps)

* | HCb delivered first measurement R

Decay time [ps]

»current precision (22%) still insufficient rett (Bo(t) = pt ™) = (2.04 4 0.44 + 0.05) ps

* HL-LHC projections: Bs: Tuu(2-3%), B9: observation

3ab’'(14 TeV)

3ab'(14 Tev @00 , & = —
> ( . 2700 —+— weighted toy (B) o
8 - CMS Phase-2 ¢ ;SI); S‘I’De':”ts € [ s — 0.6 -
s 600-Simulation Preliminary gg o ‘-“600: : i
> S
2 :mfl <07 ----- combinatorial bkg C CMS Phase-2 +3‘ r
85001 -+-- semileptonic bkg 500 Simulation Preliminary = i
£ 5 Bﬁkhu*ut"skg 04
L -.-.- peaking bkg 4 |
W00 400 OT
L r O r
: : o |
300 300F om
2000, 200F 0.2F -
100F 100F
L \ () r
F < r
995515255545556575859 N N R A o Yo | I AP AN IR PR
' T e [ReV 2 4 6 8 10 12 -2 3 4 5 6
M(up) [GeV] A ) o
T [ps] B(B, — u* ) [107]
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b—S | BO—=>K"O0up

* B—Xuu decays offer complementary

NP-sensitive observables S S A

» accessible through angular analyses 0.5-:} h "B sl oy

» studied at Belle, BaBar, CDF, LHC o | IS from ASZB
0

* deviation from theory found by LHCb

» in the angular observable in the

L/
-
f

O_’ x*
BO—K"uu decay -1, NS T
0 5 10 15
» recent measurements also by Belle, ¢ [GeV¥ 4]
ATLAS, CMS, with reduced precision [HL-LHC PROJECTIONS]
y reVise SM preCiSiOn ? a-m 2__ I?_Tll-?fl'l"a V‘“;O;:)on]gb | o | IATlLASIJHfIEP 1I0 (2I018|) 04;_; -D'mO.S:CMS thstlizthifaﬁan “BE o 'bA(MTeV)
1.52— FB’—J’K*W srem T Ezzx?sc:’vf'i\t’ - 0}
L e o :
° pro Ject|ons o : —0.5: — L | 1=
o=
» upcoming data will allow to 05 7 .5 |
independently clarify deviation - ) ca—
o é T ‘ll' T é T é - I1IO] :_Ogg‘Wﬁb'"1'2'”1'4"‘1%'”1'8"'20
¢ [GeVQ] o [GeV]
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b—S | Ap—= A

complementary to BO—=K"uu in baryon sector

No— A decay observed by CDF, and
further explored by LHCb, ATLAS, CMS

spin 1/2 = 5 angles needed to describe
system = richer angular distribution

d5r
dQ 327r ZKf

Iarge number of parameters = exploit

- LHCb

- 2015+ 2016
- downstream p 7

Candidates / (20 MeV/c?)
S

method of moments (instead of likelihood fit) 0:, T aaars) \5700 T

analysis update with 5fb! (2011-2016) e ')[ﬁwelwlcz]
results compatible with SM f*+ ! | l LHICb :
» larger discrepancy in K6 (2.60) T ++1L*+TL+HII}|'+T Jri } HL
» parameters K11-34 ~ 0 = no polarization, also _0'25_ T+| _ :

~04f

consistent with CMS+LHCb previous results S PR
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BB — ' 1) [107)]

b—spu

Lattice -e-Data

BmLCSR

global fits

ENLCSR

Lattice —e—Data
——————

EELCSR

Lattice —e-Data
—

"2 arLas —sgrstgT;adam E ‘\; I +I ‘ + l _— < 0 o _ 3 o " N
1= Run 1 +2015-2016 data - () B"—> K ,u*,u % - K ,u*,u ] % B*—> K +,u+,u_ ]
r ——— LHCb Run 1 + partial Run 2 data . . 1

0.8 :_ """"""""""""""""" Likelihoo:conlours for B g LHCb _: g LHCb ] ‘]’Q l 5 LHCb _-'
E _ 2am)-23,62.118 ; 1 Q ] 8} i ]
: - ] - X X ]
- E 2 N 5 = F -
E 3 i + = — C ]
F ] — 1
E N (] —+— (] 5 —

RN z ! = St '
3 o Q . 1 el N a1 N E ] >
4 5 6 7 < 9% 5 10 15 202 © 1'0' T a0 % o5 s TR = -‘7'0--
0 PN 2 2
B(Bs - ut 1) [107] q [GCV /C4] q2 [Gev2/c4] q2 [GeVZ/c4]

| . — T — . S = 18 L L L ] — 15—

o LHCbdata o ATLASdata ] * z LHCb L6k W e 3%t ' ' ' ]
— = Belledata © CMS data ] 2 B et 3 1aF b ERES - BO K*O + - 1

05 [ SM from DHMV ] O TE i = F "*om E L [ — ]
f - BN Y SN B utuT T s 12 o 0
C ] — 3 « E ] o© J
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=05 wn — 3 - 3 o . = S5+ ) S -
= P ] i R =
r . JE 3 s T F i = [ ]
-1 e N - ) 1 5 02F { ’_}_‘ E i ]
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_1E ; 3
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rare radiative | b— sy

* FCNC decays

» theo:added NP sensitivity via photon polarization

» exp: reduced mass resolution, decay vertex

* N\p— Ay

» SM BF ~ (6-100)x10-7,, large form factor uncert.
» previous best limit by CDF: BF<1.9%10-3 (90% CL)
» LHCb: 1.7 fb-! (2016); normalisation: BO— K*0y

B(Ab—= AY) = (7.1 £ 1.5 £ 0.6 + 0.7) x |06

e Bs— ¢y

»

LHCb updated analysis (Run| 3fb-!) of time
dependence rate adding flavor tagging

first measurements of the CP-violating and
mixing-induced observables (S¢y, Coy,ALsy)

results consistent with SM expectation

b s
> >
w

g i T T T
é) 25:_ ----- Signal LHCb _:
= i ---Cgmbinatorial 1

i A, — AN ) ]
Y ! b - ]
=2 l i
v [ ]
Q i i
< 15} ]
:'9 i i
"g i 4 ]
= 10 | '
O | ..fl

5 :

0

m(p~y) (MeV)
observation: 5.60

S S
() ()
TTTT T

N W B W (@) (|
o o 2
o O O
TTTTTT TTTTT

S
)
TTTTTT

Candidates / (25 MeV/c?)

—
o
(=)

R e

'l." RIRREIRIILIIIFRIIIRHARELILK i...';""'v--u.. l L SRR
000 5200 5400 5600 5800 6000
m(K*K~y) [MeV/c2]
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b—=dup | Bs—=KOuu

« b—dll transitions even more

4

0 5200 5300 5400 5500 5600
BF = (1.8 +0.24 +0.05) x 10~9 m(K"m*utu”) [MeV/c?]

~ g L L L

Sk LHCb :
suppressed than b— sl ¢ 25;% \r cDm T

E 20 ff B, > K uu~ -
> Ith/VtSl ~ 02 =» BF~1O_8 g ! \‘\ F‘;—>K*°1f+u‘_ ]

- 151 Bl A —pKutu

— 3 I Comb. bkg. -

« BO—=u : search ongoing g 10
%
&

B+—=TttUl : observed Runi (LHCDb)

y 12

* N\o—>PTIUM : observed Run1 (LHCb) 2

ol
I

LHCb

evidence:
3.40

BF=(69+19+1.1"10)x 108

Bs— K'Oup: evidence Run2 (LHCDb)
» 4.6fb-1; normalisation: BO—J/PK™ T T e SEen

» first evidence (3.40), measured BF  B(Bs—K%uw) = (2.9£1.9+ 0.2+ 0.3)x10-%
agrees with SM prediction (SM: 3-4 x 108)

14
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b—ull | B2uupv

CKM-suppressed decay

» BF o [Vyp|2

» NP sensitivity from helicity suppression
current related best limits (by Belle)

S 0005 E | ey, Signal o, E
> B(B+ — “V)< I . I X I 0-6 ’ B(B+ — “VX)<3.0X I 0-6 (90%CL) é') 0.002 :_ Misidentification o, , _:
» at LHC prefer >| charged particles 2 oo0is |- e O

. . S 0001 =
exploit corrected mass variable £ E ;

, = ]
MCOI'I' — \/MELMH _l_ pT,2 + pT Z?OOO 5000 6000 7000

LHCb with 4.7 fb-' (Runl + 2016) e E
140 LHCb —4— Data -

o gl Wi oG
normallsatlon mOde: B+ _}J/LI)K-I- \ Partially reconstructed -

------- Prediction from .
PAN (2018) 81:347 —

Candidates / (50 MeV/c?)
S

no signal observed = best world limit 0
40 e —
» B(B* = prp-ptvy) < 1.6 x 108 (95% CL) 20 E
. . . Do so00 6000 7000
» tension with a recent theory calculation (1.3 x 10-7) M. [MeV/c?]
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rare charm

C— UL

* FCNC in up-type quark sector
» ¢~ U transition O(10-9) in SM

« SM amplltude dominated by long-distance contributions

= g2 regions pt
Z() ,“
C —v > t

D() { l\‘/‘.\/:(
u {q

\(([
e D> hhpp ,,}”

» observed with 2fb-! Runl: rarest charm decay observed

» B(D—=KKpp) = 1.54+0.33 x10-4, B(D—= ot p)=9.6x1.2 x10-4

» angular & CP asymmetries measured with 5fb-! (201 1-16)
* Ac—ppH

» no significant excess in non-resonant region:
» BF(Ac—=pHM) < 9.6 x 10-8 @95%CL (~100 x BaBar)

» observation in the p/® region: B(Ac—plU)pw = 9.4+3.9 x10-4

Candidates per 5 MeV/c?

Candidates / (7 MeV/c?)

Candidates / (7 MeV/c?)

Candidates / (7 MeV/c?)

40 b) ¢ region

—

1850 | 1900‘ II
m(K*K u*u~) [MeV/c?]

- Cc) wregion

Mm*] 1.1'¢ 111 I'"'L"

DWW e b 0 o v w
2200 2300

LHCb

d iugr

2400
m(p ) [MeV/c?]

16


mailto:nuno@cern.ch
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rare strangeness | s—d

« FCNGC, O(10-'2) in the SM, but BF dominated by long distance contributions

* experimental challenge: low pt of final state particles

)

vvvvvvvvvvvv

Ks—oHU > LHCb -
> TOS,, bin 10
* updated analysis 3fb-!; normalization: K-t = :
» BF(Ks— ) < 0.8 x 10 @90%CL g ‘
» x| | improvement wrt previous LHCb result E
1072 . ". ...........
>+, 500 550 600
pu u m,.,, [MeV/c?]
* SM prediction BF ~(1.6-9)x10-8 R ,
%’ 8;— X' putu LHCb E
* 3fb-! (Runl); normalization: 2+—pr® = w »Data
S e Fl+J|| model_ =
=~ = 4 —- 2> putp
* LHCb found Ist evidence at 4.10 g packground |
. BF(S*—pl) = (2.2 +1.8-1.3)x10 5 l “Uﬂ | l l lw
. . 1 |
» no structure in dimuon mass oflliLY o LU U DI

1200 1300 1400

» HyperCP excess (=NP) at mpyu~214 MeV not confirmec o V1]
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t—Hc
t—Hu
t—yc
t—yu
t—gc
t—gu
t—>Zc

t—Zu

raretop | t—u/C

LHCtopWG

September 2018

Each limit assumes that
all other processes are zero

[3] JHEP 06 (2018) 102
[5] EPJC 76 (2016) 55
[7] JHEP 07 (2018) 176
[9] JHEP 07 (2017) 003
Theory predictions

ATLAS+CMS Preliminary 95%CL upper limits €<—@ ATLAS <—@ CMS
[1] ATLAS-CONF-2018-049

=-SM

[2] JHEP 02 (2017) 079
[4] JHEP 04 (2016) 035
(6] JHEP 02 (2017) 028
(8] CMS-PAS-TOP-17-017

2HDM(FV) ] 2HDM(FC)
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Events / 0.1 units

40

TITT [T T T T[T T I T[T T T[T T T[T T T [TITT]T
RN L RN R R R
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7 1]
T
7
S S S ) [2]
Y
S
S/ S S S S, [1]
S
I
S
A [3]
7
[ Y§ -
—@ (4
N
7/ NN
S/ SN\
5NN “
7/ \
I 70 NN - —e "
7] —e g
s ;;55 [6]
"""""" 7 =®
N\ «—e g
NN 7
NN 7 <@ (6]
— — T T N\ - e ﬁ
NN «—9
NN = (8]
NN\ —— «~—0
N .
N\ °
NN 7y 4_1.. 9
I ll ll ll ll JI ll lL ll\\\\ ///}/ IL 1 ll ll l]
107" 107" 107'° 1077 107 10~
35.9 b (13 TeV)
CMS Preliminary + data =
. B tZq ]
Post fit: TTSR B other =
All channels = 27 =
wz E 14
N ttz :
NPL DY-like 7
B NPL ti-like =
FCNC tZu x20 B
post fit unc. —] 7 E

u/c

w
u,c
t
b,d, s f
f

* FCNC/GIM in top sector lead
to very rare processes

» BF~10-14

* rates enhanced in NP models
» MSSM (10-7), 2HDM (10-6), RS(10-5)

e current limits ~10-4

H—-11 (

H—bb

TiopThac? ThadThad)

H—-WW*t1,ZZ* 2¢ss,3¢)

H-yy

Combined

0 1

ATLAS a
Vs=13TeV, 36.1 fb"

B(t— Hu)=0
— Observed

#: Expected + 16
---Expected *+ 2¢

2 3 4 5 6 7 8 9 10
95% CL limit on %(t — Hc)
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Events / 10 GeV

Obs/Exp

rare bosons |

W,Z

* no exclusive hadronic decays of W and Z bosons observed yet

W31t

* probe exclusive W decay

» small multiplicity decay

» SM expectation ~10-8-10-¢

» inclusive production (not ttbar)

» explore T trigger + reco
» 95%CL limit: B(W—311) <1.01x10¢
» = @HL-LHC: could allow precision Mw

77.3 0" (13 TeV)

CMS * Observed [ QCD multijet

[]z-1

[7] Uncertainty — W—3x (B = 10°®)

[ Others

—_

o

oo © N A O @

100

150

200 250
m, (GeV)

majority W,Z hadronic decays
into ~30-particle final state

Z— |l
* found a new Z decay

» clean final state: YU + Pee
» SM expectation ~(6./-7.7)x 10/

» normalization: Z— UM
» Obtained first observation
» measured: B(Z—= Yll) ~ 8x10-7

observation (5.70)

CMS 35.9 b (13 TeV)
% 1o II”IImIIHIIIII”JIIID;tIaHHIImI””L
O] — Total 1
3 10'_ v signal & Z signal ]
o+ (a\] i -— Zsignal & y bkgd |
; L - - - Combinatorial bkgd -
q -— - -
g 8F A .
c Lﬁ i ]
: e :
N c

Y L ]
q a- 2\ 7
i [ \\ ]
£~ oL // .
/ \ [ ]
ohedzm ot el

70 80 90 100 110
Mooy [GEV]
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/(S+B) Weighted Events / 0.5 GeV

S

rare hosons | H

x10° 35.9 b (13 TeV)
= CMS All categories
10 Hou S/(S+B) weighted S ’
|  S+Bfit % 10 E_ — T T T T T T T T T T T T _E
6f A H - invisible >1 % 103 O F —+— Data .
4r 5 10°E 1s-1aTev,36.1fo" [Drel-Yan —VBF x 100 ] E i —— Background i
3 £ ’ @Top  —VHx100 H- uu 2.17 X 104 o [ TN e Model Boson Signals
2 i 10 [piboson ] GC) 10 —
Ot ; H— Zy - 88y 1.01 x 10 - z
200‘ { { { * { E 6 B l- i
o E H —1/Py 3.0 x 10 1 -
ptt = : = Nt ER=
—200F , , , L y = P 3
110 115 120 125 e , i H- Yy ~5 X 107 - i \ 1
g 1aE ‘ E B P 1 =
s 12E - L Y 1 =
1705.04582|1807.0632 & &= ——— H->YY ~2 X 107 1 i ™ 2'
0'5:3 115 120 125 130 135 140 145 150 135_1::o 107 .': K : =
u[GeV] [~ -10 E ooy R T - R
) H -1/ /Y 1.5x10 40 60 80 100 720 140
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forbidden rare | LFV, LNV, BNV

* charged Lepton Flavour Violation practically forbidden in SM

» allowed by neutrino oscillations, but with BF far smaller than
experimentally conceivable

» BF in SM <10-40, eg: 10: B(T—=pup)~B(Z—ep, eT)~10-54 , B(Z— uT)~ 10-60
* potentially sizeable BF enhancements from NP models
» BF in NP up to 10-9-10-4, eg: Z'(108), LQ(10-5), Pati-Salam (10-4)
* models addressing LFU anomalies usually imply LFV/LNV/BNV

* a variety of searches is performed ...

21


mailto:nuno@cern.ch

Events / 0.025

Data / pred.

—) %k
D pe 1512.00322 B—K pe 1807.03267
searches for g W onr
% sk 1 3 Belle
LFV, LNV, BNV £ § ey g
3 ) = op 4 8 |
— ™ ] o 30_—
n ~ o -
in decays of N T e
9 " - %)
AT o B = o I R : 520
o) = . —— > N
T,D,BZHt 1 oty t T 2,
b ] 3y b) 3y 3y O PP IPEPEPIPE EPEPEPEP EPEPIPI EPEPEPEP EPEPEPIE EPEPEPEPE EPEPIPE EPEPEPEP PEPPITE B C
1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 C a
m(ep) [MeV/c’] 0 522 524 526 528
M, (GeV/c?)
LNV/BNV 1 decays 13064518 LFV T decays 1812.04225
—~ 10— . . & 4F ' ' e Fy P 1 W i Ihh AR ]
q, | i S T (b) S S0 . b
= - (C 7 > - Mspody € [0.40,1.0] g 107g L w ""uas LI - E
% 8;( ) LHCb _- é) 6:_ -:8-’ E. =" [] " anm u . ..l.. : E
S e cloon 2 sk g o T
: 6_ T T ~ E 6 - v vvvy v M ""'v' Y "v v .
g I i 3 N3 TIT £ 107?'. R L e R SO T
5 4r i 5 3f + I I S L T R .
= C ] = u 1 @ 10'85_ ’ g v BaBar
2 °r i < 2R 4| |4 2 E. 1 + Belle
= ! [ R i 3 - | - B3,
U : | I l : U 1 L (_Jl 10 § 0'.0."'... * e .....0 .'o. .... o........._%l
0 17'00 . : .18100. '19100- 0 ) |- ) ] . . E\;10—1o_||||||||||||||T||||||||||||||||||||||||||||||||||r
== T T EERRA LR Se32 oo SO KR E'E B'R <k<k
m(P//_//_) [MeV/CZ] 1700 1800 _ 1900 < wﬁ'di‘m'i“”“ii“""‘”'i 'mi%s:f.w Fo2oba3'5b Hr‘iixxzixoxwm:iif:“ 53
m(ﬁM+M ) [MeV/CZ] ﬂ)-.ﬂ):.d):_d)-.m_‘_w_‘_wlw-gg Hr\Ae
Z—p Il” 1804.09568 ATLAS-CONF-2019-013 H—II 171207173 t— (] ATLAS-CONF-2018-0
= Py L I LI I UL I UL UL I 359fb 13TeV) @ 1T T3
57ATLAS | SH,‘ ur 3IP S 10 E ATLAS Preliminary ¢ Data [Sig. (B=1%) x10 c x1 03 — T ( T -e ) 8 glATLASI Prellmlgary ‘l Data IDN°”'F|"°mPt I§
10 E Vs =13TeV, 36.1 ! aga_t)a + (best-fit §2] E \s=13 TeV 36.1 fb1 Mis-id. .Z_)Tt E ._6 9 : CMS + observed E’Z—)TT Lﬁ L Vs= 13 TeV, 798 fb! DWZ .ZZ . ]
- . Fakes g - LFVer ” Top  [Other 1 @ B8F ut,2jetsggH Bl Z—ee/un [ tt,t+jets 10° Signal region WOthers 7 Uncertainty |
104‘_ Post-fit =§::;;/ﬂﬂ it} 103:_91" VBF 7/ Uncert. _: = 75_ [ Diboson [ ] Wajets,QCD = Pre-Fit —Signal  ----Signal T-veto E
2 ff, single-t F 3 0 E [ SM Higgs = H—ut (B=20%) C ]
E . Wijets E ] > 6F oL |
Lo Other L E 10°E 3
® ®%eccece .- —10° 7 5 E- 3
10° ®e Z-ut (B=107) E e ]
£ S L Uil 102 E 45_ L i
2 E 3;_ 102 _
10 e 2;_ .....
1E-
10 0
/ g % 1.5 -g is
) ik / li‘\l-J 12 ; 1= . d LA s o < iz
L M 7 & g
08 o 02 05 04 05 06 07 0517208 06 04 02 0 02 04 06 08 1 0.4 0.2 0 0.2 06 o4 02002 04 08

NN output (comb)

BDT Score

BDT discriminator

BDT discriminant


mailto:nuno@cern.ch
https://arxiv.org/abs/1804.09568

forbidden rare | B—II
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rare lepton |

T UL

clean final state, searched for at various colliders

most stringent limit by B factories

» BF<2.1 x 1078 @90% CL
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summary

* rare decays provide a sensitive place to look for NP
» clean experimental and theoretical probes, precise predictions
» allow to reach sensitivity to higher mass scales than direct searches
* results so far
» place stringent constraints on NP models
» tantalising anomalies observed (= complemented by LFU tests)
* NP may be established at LHC in a multi-messenger-like fashion
» as the current flavour anomalies nicely illustrate
* Most interesting times ahead for rare decay searches

» with higher luminosities at the LHC (+ Belle |l + dedicated experiments)

..........
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related reports this week:
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a dedicated dataset: B-Parked Run2 data

T

* CMS has collected during 2018 a ) — %*/.n

special B sample : B. B ‘

P P “‘ X-——-"’(\». K

» |2B triggered events on tape % unbiased

* trigger on low-pT1 T’s is difficult | other side B
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* the data is “parked”
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» delayed processing

* allow to investigate anomalies
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