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Introduction

Flavour Physics is a powerful tool to
access NP beyond the reach of direct
production at accelerators

(G. Isidori, KAON'16)

Most notably in searches for sources

of FV/CPV other than CKM T~ Lou + —

LHCb R DO DO BO
« Forward detector at the LHC
* Very precise tracking and EOPS oM
PID | agne r T2T3 RIC<I;[2 E11CAL =

Physics goals

* Study of CP violation and
rare decays of ‘light” particles
(b,c,s,T...)

* But also: direct searches for = o e o
BSM, EW physics, soft
QCD... FPCP 2017 2
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Introduction

Flavour Physics is a powerful tool to
access NP beyond the reach of direct
production at accelerators

(G. Isidori, KAON'16)

Most notably in searches for sources

of FV/CPV other than CKM T~ Lou + —

LHCb will upgrade to continue KD _ OBl _
improving our knowledge of Flavour
Physics

We speak about two upgrade phases: ey %@E@ R o

* Phase-I (2021-2029): Approved,
TDR’s ready, in construction

CERN-LHCC-2014-016
CERN-LHCC-2014-001
CERN-LHCC-2013-022
CERN-LHCC-2013-021
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Introduction

Flavour Physics is a powerful tool to
access NP beyond the reach of direct
production at accelerators

(G. Isidori, KAON'16)

Most notably in searches for sources
of FV/CPV other than CKM

i — Leu T

LHCb will upgrade to continue
improving our knowledge of Flavour
Physics

We speak about two upgrade phases: UPGRADE I

* Phase-I (2021-2029): Approved,

TDR'’s ready, in construction
* Phase-II (2031->2035): Expression ‘
of Interest published o aom

and beyond, in the HL-LHC era

FPCP 2017 Expression of Interest



Timescale

2018 2019

a1]a2]a3]as

Run-I:

=1 ATLAS/CMS (LHCb) visible u = <20-50> (<I-2>) Belle-Il Physics Run = [

* 2011: 1fb™ @7 TeV a1 ;azzoizaijaa a1 jozzogzoiioa Qlicfzoizot
« 2012: 2fb1 @ 8 TeV

2027 | 2028
a1 o202 04]a1ja2|a3 a4

ATLAS/CMS visible (¢ =<140> }

2032 2033 2034 2035
a1|a2|a3|a4|a1]a2!a3]|a4|a1{a2|a3]a4 |01 |@2]a3]a4

Run-II:

 2015:0.3 fb-1 @13
TeV

« 2016:1.7 @13 TeV

e 2017:1.7 @13 TeV —

|Q3 |Q4

I LHCb visible p=<50> I

| S A |
« 2018: ~0.8
LHC Period of Maximum £ Cumulative
Run data taking [em™2s71] [Ldt [fb7]]
Current detector 1 & 2 2010-2012, 2015-2018 4 x 10°? 8
Phase-I Upgrade 3 & 4 2021-2023, 2026-2029 2 x 10%3 50
Phase-II Upgrade 5 —  2031-2033, 2035 — 2 x 1034 300

FPCP 2017 5



B,2pp

9 : —
« B, ppis (still) a golden modes in NP searches i /™ T@:
w/ 4.4 b1 ol : _
: ~ 5l : LHC + LEP |
B(BY — ptp~) = (3.0£0.6703) x 1079 LHG, arXio1703.05747 2% | Fg2+ 2 |
) PRL 118, 191801 (2017) E' i
B(BY — yutp~) = (3.65+0.23) x 1072 i _
oM C. Bobeth et al., arXiv:1311.0903. | En Lv/q E. Bagnaschi et o
e b arivi612.05210
8o 05 Lo 15 3.0
BRy ot
* Deviations from SM allowed despite LHC "
bounds on NP . -

» Expected precision g masgTes,
o(BR(B,~>pp)), 50 fb! ~ 2.3x10-10 ; El-glg *LEP
o(BR(B,~>pp)), 300 fb! ~ 1.6x1010 o3 . : .

! Ty
g4 4 50 fb!
* The effective B, lifetime in B, pp is also sensitive 3 W 300 fbl
to NP for precisions of percent 2 ~' |
! M. Lucio |
Ogrgl gg(fbf;: 5;/)(7 80 0.85 0.90 0.95 1.00 1.05 1.10 fil.:
O\T Y, o~ (o) 7—;
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B,2pp/ By2pp

The ratio of BR’s B,/ B, is
considered a golden mode for
testing new sources of flavour
violation

LHCb upgrade can reach <30%
precision (stat. limited)

Phase-II could achieve ~10%
(...and still stat limited)

} .

6.x10710 — .
C B. Dutta and Y. Mimura ]
sx100f arXiv:1501.02044 ]
el s Susy unified models
4.x1070 .
g Curr
+=!.
T 3.x10710F ]
.l
3 -10 [ i
2:x10 i Consistent 1
i with kaon ]
1.x10710 . . 7
8 i future oscillation 1
0 L \ | \ \ \ | \ \ \ | \ \ \
0 2.%x107° 4.x107° 6.x107° 8.x107°
Br( B,—»p*u")
F. Teubert, RnSII
o(R)/R |\
0.8 v
LHACDb
0.7
0.6
05
0.4
0.3
0.2
a2
0.1
O T T T T 1
2015 2020 2025 2030 2035 2040
Year
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Bs mixing phase, ®@s

T

w HFLAV
% 0.14 DO 8 fbil _SprfngZOl?
z 68% CL contours

(Alog £ =1.15)

CMS 19.7 fb~!

0.10 Combined CDF 9.6 fb !

®

ATLAS 19.2 fb!

LHCb 3 fb !

0.06
Thanks to O. Leroy

04 02 w00 02 'o.'_4'
¢ [rad]

CPV in interference mixing-decay:

A EXP _
sin(¢g) = sin (—arg <%A—_f>> #* 0 s =—0.021 £ 0.031 rad
f

Which in b->cc decays corresponds to the mechanical phase of the Bs mixing. In SM:

6 T —2arg 2V ) = —28, = —0.03760.0008 rad
cb¥cs

Diego Martinez Santos, ICNFP 2018 8
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Bs mixing phase, ®@s

* Neutral meson mixing (AF = 2 transitions) are extremely sensitive to new source
of flavour violation. eg, for O(1) couplings bounds on Ay at 100 - 10° TeV

* eg, in SUSY the B mesons can mix via gluino box

~o
g
5

S
d |
g
d p

Phase I upgrade,

50 b

@ 300 fb!

300 fb!

}/

0 | | 1 1 1 1 | | | 1 1 1 1 | | 1 1 1 | | | | 1 | 1 | | |

Phase Il upgrade,

0 50 100 150 200 250 3

Diego Martinez Santos, ICNFP 2018



The CKM angle y
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LHCb-CONEF-2018- 002

i
=L HFLAV
— r | Moriond 2018 |
|Vud| |Vus| |Vub|e 0.6/ / j
- | Vcd| |Vcs| |Vcb| i :
-ip i3, 0.4F N
Viale™  —|Visle™ Vi - _
1- %/\2 A AN (p —in) ) e
0.2 [ —
-A 1-32 AN -
AAa (1 = {) S i]]) —AA2 1 (l\HlUUE\hU]\i nx"u_\)il'M I | ﬁ
O0 0.2 0.4 0.6 0.8 |
p
B decay D decay Method Ref. Dataset
BT — DK™ D— hth GLW [14] Run 1 & 2
BT — DK* D— hth™ ADS [15] Run1
B+ — DK* D — htx—x*z~ GLW/ADS [15] Run 1 % v = (74.05:9)°
Bt — DK+ D — hth— =0 GLW/ADS  [16] Run1 u
B+ — DK+ D — KOt h~ GGSZ [17] Run1 v € [68.2,79.0]° 668. 3% CL
RSSO DK CCSZ SR ) < [61.6,83.7]° ©95.5% CL
BT — DK D — KEK T GLS [19] Run1
Bt — D*K* D— hth™ GLW [14] Run1 &2
BT — DK*t D — hth™ GLW/ADS [20] Run1&?2
B‘! — DK!Tr!?T_ D — h!h_ GLW/ADS [21] Run1
BY — DK"? D— Kn™ ADS [22] Run1
BY - DK*x~ D — hth™ GLW-Dalitz  [23] Run 1
BY — DK"? D— Klntm~ GGSZ [24] Run1
BY » DF K™ Df - hth =t TD [25] Run1
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JHEP 02 (2016) 104

B2 K*pp angular observables

[?}(l—FL)blll O + Fr cos® O —i—}l(l—FL)sin?ﬁ'KcosQSf + ..

1 &I +T) 9
["dcosBydcosby de 3271'

— F} cos® O cos 20; + Sysin® O sin? 6y cos 20 + /Fr(1 — Fr) P! sin 20 sin 0, cos ¢ ]

T . ' 1
¢ LHCbdata o ATLAS data

= Belledata © CMS data

" | SM from DHMV

%SM from ASZB

| I

Ps" is one of the coefficients of
the differential decay rate of the
helicity angles, designed to have
reduced TH uncertainties

_____

2 bins show a ~30 deviation (each) 0 10 15

w.r.t SM prediction(s) [LHCb, JHEP 02 (2016) 104], g? [GeV?*/c?]
But this significance can be diluted Eiﬁj;g;:ﬂfz{g? ;22131]1801]’

by hadronic effects [CMS, PLB 781 (2018) 517].

Diego Martinez Santos, ICNFP 2018 11



Lepton Universality Violation in b—=>sll
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JHEP 08 (2017) 055

— + + + + ot o
LHCDb observed Ry = 5 B"?_(B K_:j( Hp BT BK:}JK ¢ c )
some interesting ~ __ (B = K™Jfp o whpm)) ) B(BT— KTJf(— eTeT))
deviations in the - B(B®— K*u* - B( BY— K*%te™)
ratios - K= = B(BY— K¥Jh) (— ;ﬁu )) — K*0Jpp(— ete))
Full Run-I dataset
—.—LHCIJ —.—BaB:{r +Belle ) E.U i T T T T | T | T T T | T T
D:x 3: L L I L ] :.: E —
C LHCb ] = 1.5~ arXiv:1705.05802 —
Lor g I ]
C ] ] C I " 1]
1: 1 : SV : 1.0 : I T I
O.SE ; . 0.5 b
OO Lt Sl P I1|(]I - I1|5I - Ijlol s []IU 220’240 o ILI]S{:HUI ]
* PRL 113 (2014) 151601 G2 [GeV/c4] 0 5 10 15 20

« PRD 86 (2012) 032012
« PRL 103 (2009) 171801

Can be “explained” by similar BSM than P5’

Diego Martinez Santos, ICNFP 2018
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LUV in semileptonic b decays

I-
% 05 - ! i B;qu' PRL10'910;30£(20{2) I =
" ar, . , ]
@, o Belle, PRD92,072014(2015) Ay =1.0 contours .
[ _ LHCb. PRL115,111803(2015) . -
045 Belle, PRD94,072007(2016) e=== SM Predictions s
N Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) .
[ LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015)
04 [ Average R(D*)=0.252(3) S. Fajferet al. (2012) _]
035 eldo -
03F 4 I " 20 =
B(Xy, — X.1v) .
R X 025 - - - - .
C N . HFLAVY B
B X > X ZV - | FPcP 2017 |-
b C 02 C : : P(x_z):ﬂ.b:?a—_
0.2 03 04 0.5 0.6

R(D)

LHCb, 3 fb? | R(D*) leptonic tau: 0.336(1 0.027 [ 0.030 PRL 115 (2015) 111803
Full Run-I dataset R(D*) hadronic: 0.2910 0.019 0 0.026 0 0.013 prL 120 (2018) 171802

Overall (WA) ~40 deviation w.r.t SM prediction in the R(D) vs R(D*) plane, towards
larger values

—> Check it with larger stats, as well as in other channels

—> Recent measurement on B_ decays

Diego Martinez Santos, ICNFP 2018 13



Candidates / ( 0.6 GeV?/c*)

Pzl

LUV in semileptonic b decays PRI 120, 121501 (015)
R(T/) — B(BI — J/vTrv,)
- LHCb analysi§ usi.ng. leptonic t dgcays (T/¥) = B(Bf — J/yuti,)
* 3D template fit: missing mass, estimated
lifeti ith ki . . d —+— Data B — Jhpu‘v,
1fetime with kinematic constraints, and a Mis-ID bkag. Tcomb bke.
categorical variable Z (bins of missing B /7y comb. be. B B — JyH
transverse momentum and q2) ﬂ e R (S
B —Ihpttv,
- £= o 6000 =7 T T T T T T T T T

2000

4000
2000
0000
8000
6000
4000

2000

Pulls
h = Ln

£

035 ] 1.5 2 6 7.
decay time [ps] AqE))

5 10
m? . [GeV?*c*]

miss

Consistent with expectations from R(D¥)

R(J/¢) =0.71+£0.17 £ 0.18 Within less than 20 from SM (0.25-0.28)

Full Run-I dataset

Also first evidence for B.=2]/wtv

Diego Martinez Santos, ICNFP 2018 14



2—ppp full Run-I analysis

PRL 120, 221803 (2018)

Motivation: HyperCP experiment found evidence for 22 ppp decays, all with the
dimuon mass of ~ 214 MeV, which suggested the possibility of a light dimuon

resonance = LHCDb can check this

* 2Z—ppp : Found 40 evidence

« BR(Z—ppp):2.2118 x 108

Consistent with SM as well as with
HyperCP

Candidates / (5 MeV/c?)

—
(=]
T L

o
T T 1

I putu”

!

LHCb
« Data

— Full model
—- IS pptu
Background

|

|

1

L I'l'lh

lIE

1400

My, MeVic?]

X— pp : Found no evidence for the
214 MeV particle. Upper limit for the
resonant channel: 1.4x108@95% CL

-~ 1F T T 1 =
2 BE— LHCb _E
% F 3
= 5F =
o E .
= 4F — 3
— 3-— -
g 1 ;
T 2k -
c E 3
@ = ]
o 1= + + -
o E 3
D - -
.g N B I RPN R
= 210 220 230 240 250 260
m,., [MeV/c?]
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JHEP 1803 (2018) 078

LFV: B 2en

* Run-I dataset

» Used BDT to discriminate from background

« Invariant mass fit in different bremsstrahlung categories
«  Without photon recovery
« With photon recovery

)

2

"E — Combinatorial _: L4.5 — Combinatorial _§

~ LHCb —Mopuv 1 = LHCb —Mopuev 3

% :; 5 0.9<BDT=1.0 A % 4 0.9<BDT<1.0 el 3
E E Brem =0 _B;_,e'# E 23‘5 Brem =1 —B:—ueu. _;
E-, = 4 — Total - = 3 —— Total _E
2 i) 1 E
3 @5 3 —— — A 2.5 =
£ = i = 2 =
5 2 5 2 <E 3
'1 L _: 1 ; — s —;

S~ ] 0.5F E

0 el I.-—l-'-ji:ﬁ——— | L] 0 P | \."'-l-—— L T— L1

5000 5200 5400 5600 5800 5000 5200 5400 5600 5800

m, , [MeV/c?] m, , [MeV/c?]

Diego Martinez Santos, ICNFP 2018 16



LFV: B 2en

JHEP 1803 (2018) 078

Run-I dataset
Used BDT to discriminate from background
Invariant mass fit in different bremsstrahlung categories

Normalization of the signal yield to B channels with known BR: B* 2]/ ywK",
B~ Kn

— [~ T T T T T T T T T T ] ,——\45000 T T T T T T T T -
L 10000 i E
S LHCb t Data ] 340000 LHCb { Data E
Q i 1 235000 N
= 8000 — Total . — Total E
o [ , 1 —30000 _ A
— 6000 FY 7 Combinatorial 4 = 25000 - Combinatorial E
3 e L B'— K'm 1 £20000 B —Jlyr" 3
S 4000 —0 4 =, :
o — =
S - B> K'm 1 B oy e B'—> J/wK"
- 1 10000 E
S 2000 Ay, = ph 1 “ E
..................... 5000 E
= = i ! = S ——— ' E
= _g | IR I R~ _{.]; . . | A X . |
5400 5600 5800 75200 5400 5600
my... [MeV/c?] My [MeVic?]

Diego Martinez Santos, ICNFP 2018 17



LFV: B 2en

JHEP 1803 ( 2018) 078

Run-I dataset

Used BDT to discriminate from background

Invariant mass fit in different bremsstrahlung categories

Normalization of the signal yield to B channels with known BR: B* 2] /ywK*,
B2 Kn

Upper limit set with CLs
World best upper limits:
'J"' 1 L L L . . S . I .
o LHCb ’ = ' ' ' b
. @) LHCb 1
0.8 — i
B(B® — ¢=1F) < 1.0(1.3) x 107 08BN BBY — et pT) < 5.4 (6.3) x 1070 7

0.6 at 90% (95%) CL 0.6 at 90% (95%) CL
0.4 0‘4
0.2 0.2
| —— x107° — _— 107
0 0.5 1 1.5 0 2 4 6 8 ~
BF(B" — 1) BF(B! — &1r)

Diego Martinez Santos, ICNFP 2018 18



gan ¢

JHEP 02 (2015) 121
PLB 754(2016)167

LEV: D2ep, t2ppp

Other results in LFV

* BR(t=>3p) <4.6 (5.6) x 10® @90 (95)% CL  JHEP 02 (2015) 121
» Competitive with Belle (2.1 x 108 @ 90%CL)  PLB 687 (2010) 139

* BR(D—>ep) <1.3 (1.6) x 10 @90 (95)% CL (world best)  pLB 7542016)167

L T T T T 1
LHCb —e— Observed CLs —;
----- Expected CLs - Median —E

- Expected CLs t 1 & —
D Expected CLst2 © —

06| BR(t>311) < 4.6 (5.6) x 108

.
I I I I I I LIL ILLALA

0.5 0 SE
04 @90 (95)% CL o2E BR(D>ep) < 1.3 (1.6) x 10
0.3 3 o 3
o 03 @90 (95)% CL
0.1 : E
S 6 g 10 0.00E —— deesetsssntoseotoonnt—21
B(T ') [x 107] B’ = ¢ 1)

Full Run-I dataset
Diego Martinez Santos, ICNFP 2018 19
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PRL 120 (2018) no.6, 061801

Dark photons

* Search for dark photons (A”), that mix to off-
shell photons - shared production
mechanism-> normalization to DY

maoson

» Uses dedicated “turbo” trigger: writes on
tape only the relevant part of the event

meson decays  SM Drell-Yan T

Turbo trigger: Write on tape the relevant information of the event as measured
online:

+ Advantage: Little event size = afford higher output rate and hence efficiency

+ Disadvantage: Give up offline reconstruction quality, analysis reoptimizations

Diego Martinez Santos, ICNFP 2018 20



Dark photons

* Search for dark photons (A”), that mix to off-
shell photons - shared production
mechanism-> normalization to DY

» Uses dedicated “turbo” trigger: writes on
tape only the relevant part of the event

meson decays  SM

* 1.6 fb! of Run-II (13 TeV) data

~ 107
4]
107

90% CL exclusion regions on [m(A'), £?]

Prompt search up to

-6
m, 10
1077 First limits
s above 10 GeV
. 1078 First displaced Already competitive
Displaced search up o exctuonnot o L. Y below 1 GeV
to 350 MeV beam dump > |

10710 [ LHCH 1.6 b1 at 13 TeV

107"
1072

- Previous Experiments

1072 107! 1 10

m(A") [GeV |
Diego Martinez Santos, ICNFP 2018 21



BSM bosons from gg=2>pp

Search for a prompt dimuon resonance

in the full Run-I data (supersedes

preliminary result of Moriond EW)

Statistically independent from the Dark
Photon search = can be combined by

recast searches)

Search inspired in NMSSM, but done in
bins of 1), pt to easy interpretations in

different models

Good mass resolution of LHCDb allows to

explore closely the Y region

No signal found, upper limits in o x BR

set (CLs). ~ 5 pb level

Candidates/18.6 MeV

algg — ¢) x B(¢ — up) [ph]

15
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LHCb-PAPER-2018-008
arXiv: 1805.09820

g | e
ED ________ O<

‘ _

J t.b H

b 14 < pr < 50 GeV

PR ST

L LR AL
qg — ¢ (50pb) ]
0.26 GeV ]
0.71 GeV ]
0.80 GeV ]
10.16 GeV
. 10.23 GeV ]
10.55 GeV -

ES R PR
— ' s

- - . ]
10.0 10.5 11.0 11.5
m(pp) [GeV]

l T T T
. LHCb
[ [£=30m71
| /s =7.8TeV

T I T T T I T T T l T
T(15) 95% CL upper limits ]
TSy T Median expected |
T(35) BN 68% expected

95% expected —

—— Observed ]
- CMS expected
—— CMS observed

Diego Martinez Santos, ICNFP 2018

I 12 14 I
m(¢) [GeV]
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Conclusions

* Presented results on beauty, charm, strange and tau decays
» Also BSM direct searches
* The HyperCP anomaly seems to vanish

* On the other hand, interesting deviations in LFU tests

Diego Martinez Santos, ICNFP 2018
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Conclusions

Overall the Standard Model may look impressive, with millions of successful
measurements on its side...

Diego Martinez Santos, ICNFP 2018 24
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Conclusions

Overall the Standard Model may look impressive, with millions of successful
measurements on its side...

... but we are not afraid

Diego Martinez Santos, ICNFP 2018 25


https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi8y-6Hx4DcAhXJZ1AKHYk5B1MQjRx6BAgBEAU&url=https://imgflip.com/memegenerator/Sparta-Leonidas&psig=AOvVaw0Is5cSZz5tLSxhr1lScENH&ust=1530625644760871

BACKUP

Diego Martinez Santos, ICNFP 2018

26



a I n Litesleane
A G “tealse,
ﬁ‘,.:,u’w . IR

Lepton Flavour Violation

 LFV forbidden in SM, but F. Teubert, RuSII
allowed in BSM
25 1 BR(t>3p)x10”°
—>positive signal is 10 LHCb
compelling NP discovery \ Belle-II
: 300 fb]
nil bk e
3 S
 LHCb searches for LFV 1 @ B ﬁ . .
2015 2020 2025 2030 2035 | Year

Several world best results in hadron decays

1231 Phase-II

1fb-1 3fb- 300fb- competitive w/
(Phys. Rev. Lett. 111 (2013) 141801) (9] (exp) Belle II

< 1.4x108@ 90% CL
<37x10°@90% CL | ~1.2x10° | ~1x10-'©

B>Kep 2 expected O(10?) for Phase - 11

Diego Martinez Santos, ICNFP 2018 27
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JHEP 02 ( 2015) 121

LEV: t2ppp

* Run-I dataset

« Used BDT to discriminate from background

+ C(lassification of events in bins of 2 BDT’s and ppp mass
* Normalization of the signal yield to D2 O(2pp)n

* Background estimate from sidebands

* Limit set with CLs

BR(t>3p) < 4.6 (5.6) x 108
@90 (95)% CL

Competitive with Belle (2.1 x 108 @ 90%CL)
PLB 687 (2010) 139

LHCb Upgrade (s) will explore the 10
region

2 4 6 BE 10
B(T ) [ 107]

Diego Martinez Santos, ICNFP 2018 28
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Hidden sector bosons from flavour decays .. 160 pors)

PRD 95, 071101(R) (2017)

Searches for BSM bosons () in b=>spp transitions

performed in full Run-I data < ut
X -
Provide sensitivity in the region ~2m, <my <~4.7GeV — . '
b 5
Lifetimes up to 1000 ps B K
d/u > d/u

Upper limits for B>Ky(pp) and B2>K*x(pp) are in the
1019 - 107 range, depending on the dimuon mass and

the y lifetime (analysis reoptimized) /W w(s), wE770)

T

See talk by Preema Pais

() [ps]

Similar searches possible in s>dpp, eg,
Z2ppp

BR(B* — K* %) x BR — u'i)

‘ I
1 1
2000 3000 4000

Diego Martinez Santos, ICNFP 2018 29



HV pions decaying to di-jets
Signature: search for a displaced vertex with two

b-jets (low efficiency to search for all 4)

This signature is possible in Hidden Valley pions
from SM Higgs decay

Di-jet mass fit in bins of transverse displacement

2 fb! of Run-I data, @7 and 8 TeV.
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Trigger system: status and prospects

Main
v bottleneck for
(Hardware) K. Can’t be
changed
HLT1
(Software) Not designed for
K, but flexible.
K triggers being
HLT? implemented
(Software)

£(2011-2012) ~ 1-2%

¢(Run-II) improved HLT1,2 ~18%
Maximum possible ~30% (LO won’t
allow more)

LHCb
Upgrade

HLT

Steroids
.Iﬁ_:‘ﬁ:' (Software)

(Note: This
logo may not
be official)

e(Upgrade) ~ 80-100%7?
Simulation studies show that
rate would be under control

V. Chobanova et al,
CERN-LHCb-PUB-2016-017 31



Strangeness transitions

— MFV paradigm

(small)

v
Cexm X

In a scenario in with BSM > few TeV, s-d transitions are central

(SM dynamics has the strongest suppression of all quark transitions)

- K'Tts""rtd ~ 10
\‘CCKM X +4c, x @

Diego Martinez Santos, ICNFP 2018 32

eg, for c~ 1, bounds from
kaon physics goup to a
scale of 10° TeV




B2 K*pp angular observables

i S 3fb-1 dat E
= . -1 data ]
b T.Blake 7 oo —

0-5:}_ [ SM from DHMV

C E SM from ASZ .

oF———— .

-0.5:— % ] —{— + :

_1_' 1 1 1 ] 1 1 L 1 1 1 1 1 | ! 1 |_|
0 5 10 15

2

q

(ves, the red points have error bars)

Moreover, the q* dependence will be known
with high precision = very valuable input to
the discussion on NP vs hadronic power
corrections to SM

_gan ¢

_ﬁ__H\\
I'.
2 ‘\,\ /
\ V. Chobanova et al.
\ arXiv:1702.02234
5, AN
E \ ~—
|I ‘-HM“\ \I
—2r | }
\___ 7 /
L) " Now |
-3 2 = o 1 3
Rel(Cd)
-2.0
— 1o
—-2.5 R -
30 | [ — — 30|
E 4.0 - ) Example |
— —
~ -1
as 300 fb
50 V. Chobanova et al. |
arXiv:1702.02234

79213710 —08 —06 —04 —02 00 02
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https://arxiv.org/abs/1702.02234
https://arxiv.org/abs/1702.02234
https://agenda.infn.it/getFile.py/access?contribId=15&sessionId=1&resId=0&materialId=slides&confId=12253

B2 K*pp angular observables

Moreover, the q? dependence will be known
with high precision = very valuable input to

the discussion on NP vs hadronic corrections
to SM

... and larger datasets would allow to make
finer g2 binning

Diego Martinez Santos, ICNFP 2018

I SM from DHMV
. ® LHCbRun1
[J Phase-ll Upgrade
O
%i@ CERN-LHCC-2017-003
_E!a,_
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Lepton Universality Violation in b—=>sll
g 10 ke
- 0.66 = 0% (stat) £0.03 (syst) = = e
1 — ® Belle2 50
! 0.69 T 55 (stat) £ 0.05 (syst) “ i i "b
b dCbiaic.
SYs§ g ares;;xﬂ“"“—x
R+ = 0.74570-03(stat) £ 0.04(syst) l T. Blake e
Systematics could be 0"

. 10 10:
ultlmate(r)ly reduced integrated luminosity [fb ]
to ~1-2%

ARy | Byo [%] S 5 S 3
: Syst./2 Syst./ Syst. /2 Syst./3
low-g° central-g- 50 fh—1 S - | 300 fh1 SR SR
Trigger category LOE LOH LOI|LOE LOH LOI Pullsyy Pullsy Pullspy Pullsy
Corrections to simulation | 2.5 48 30| 22 432 34 A [ 1.6 12.0 vk = =
Trigger 01 12 01|02 08 02 Ay 1H.6a =57 Al 15.60 19.50
PID 02 04 03|02 10 05 ACH 12.3c 13.60 ACS 16.60 2040
(nematic selecti 21 2 21 [ 2 21 2 ~f ¢ - o
Kinematic selection 1 1 1 j(_ e 12 6o 13.00 -&(’—_‘.1.[.1 17.00 0.8
Residual background a0 50 5.0
AfTe 9 Q e Lril
Mass fits 14 21 25[20 09 10 ACY, 12.80 14.10 AT 720 21.1o
Bin migration 1.0 10 10|16 16 16 i\.[jﬁr: 12.3F 13.60 ﬁ(_'f;fr: 16.67 ). 5T
Ty Tatio 1.6 14 17|07 21 07 i )
- — —— ACT 12.50 13.80 ACT,; 16.90 20.80
Total 40 61 55 64 ThH BT e i

T. Hurth et at. , arXiv:1705.06274
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gain ¢

PLB 754( 2016)167

LFV: D'2epn

* Run-I dataset
« Used BDT to discriminate from background
« DYsare tagged from D""->D%n" decays
* Invariant mass fit in different BDT categories, two mass variables: help
discriminating against ~irreducible background from D>
* Normalization of the signal yield to D> Km
* Limit set with CLs
It L L - .
o 82 oy o World best upper limit:
0.7 g— [ Expected CLs £ 1 o —g
ggg: "._‘..‘.‘ DEchctchLsiﬁc :E BR(D%G]J) < 1.3 (1.6) X 10-8
b @90 (95)% CL
02F E
0.1E =
WD, T
0 2 4 6 x10*

BMD’ - e 1
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_fan

LEV: 12ppp —

* Run-I dataset

» Used BDT to discriminate from background

* C(lassification of events in bins of 2 BDT’s and ppp mass
* Normalization of the signal yield to D> O(=2pp)n
Background estimate from sidebands

& 3500 o 6F ——
i3 = - T% MSbody [O 94, 1. 0] .
% 3000 % s ( ) ppp Mopip € [0.80,1.0] 2
= 2500 E : LHCb -
— r~ 4 — —
" 2000 o6 s

L C : 3 -
5 1500f R ]
§ 1000 - e S 26 1T T T E
] - . - o 7]
T 18 AT AT
: : @) : '
G o A (S s S S RN T TR T BT T Tt T S S S ]

1920 1940 1960 1980 2000 ( S L '

1600 1700 1800 1900
m(¢ (u*p)m) [MeVic?] m(u-1t ) [MeV/ie?]
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JHEP 02 ( 2015) 121

LEV: t2ppp

* Run-I dataset

« Used BDT to discriminate from background

+ C(lassification of events in bins of 2 BDT’s and ppp mass
* Normalization of the signal yield to D2 O(2pp)n

* Background estimate from sidebands

* Limit set with CLs

BR(t>3p) < 4.6 (5.6) x 108
@90 (95)% CL

Competitive with Belle (2.1 x 108 @ 90%CL)
PLB 687 (2010) 139

LHCb Upgrade (s) will explore the 10
region

2 4 6 BE 10
B(T ) [ 107]
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