loP - Joint annual HEPP and APP conference

University of Sussex
2|lst Mar 2016

Testing lepton flavour universality
In rare decays

at the LHCDb experiment

UNIVERSITYOF L uca Pescatore LH C b

| BIRMINGHAM |
S on behalf of the LHCb collaboration w




Lepton universality and rare decays

* Lepton universality: equality of the EW couplings for leptons
 Rare decays: processes suppressed in the SM that can happen only at loop level.

» Flavour Changing Neutral Currents
— forbidden at tree level in the SM (e.g b—s or b—d transitions)
— branching fractions typically ~10-° or less

arXiv:1501.03309

* New Physics can enter in the loops

» Very sensitive to new physics effects
— NP enters at the same level as SM

» No evidence in direct searches so far
— loops can probe high energy scales
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Decay amplitudes of semileptonic decays
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Decay amplitudes of semileptonic decays

Short distance physics: high energy scale

Perturbative contribution. \ <

Wilson b
Coefficients
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Decay amplitudes of semileptonic decays

Short distance physics: high energy scale

d
Perturbative contribution. \

Wilson b
Coefficients
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. ;:V< replonpar Form factors: low energy physics

e u

describing the hadronization process.
Need to be obtained with non perturbative
K* meson methods e.g. Lattice QCD
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Lepton Flavour Universality and Ry

* Idea: test LFU using rare decays, where there is space for new physics

_|_ —L
my dB(B—Hp™ ™) PRD 69 074020 (2004)

4m2 dg?
A K 2
RH My dB(B—Hete™) dq H=KK9 o,..
4mi dg?

e Universality = Rk ~ | with o((mu/mp)?) corrections (HEeP 12 (2007) 040)

e Hadronic uncertainties cancel in the ratio
= precisely predicted: Rk = 1.0000 + 0.0001

BaBar BaBar Belle LHCb
0.1 < ¢ <8.12GeV¥c! | ¢* > 10.11 GeV?/ct Full ¢? region 1 < q?<6GeVyc?
Ry 0.7413:3) £ 0.06 1.43196 4 0.12 | 1.03+0.19+0.06 | 0.745739%0 + 0.036 —
0.48 +0.55 B
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Rk*: making Rk stronger and more

my dB(B—Hpt ™)

4m? dg?
e — E S dq2
my dB(B—Hete™)

2 2
am?, dqg

* |ndependent confirmation of Rk result

e Different combinations of left- and right-handed Wilson Coefficients

I s
JHEP 1502 (2015) 055 C+C": K, Ki,..

[arXiv: 141 | 4773] C—C': K,y(1430), Kg’“,
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Analysis strategy

e Three q? regions considered:

» Low-g% 0.0004 < g% < |.| dominated by the photon pole (SM)

» Central-g% |.1 < gq? < 6 most interesting to observe new physics

» High-g* q%> 15GeV?%/c*

e Normalisation channels

vV W= pp/ee

e Control samples for ee channels:

v B2K*(y—ee)

E .. [GeV] 2
1l 1 Il l

<4— narrow cc —»

SSANNNNNNNN NN 5

broad cc¢
resonances

S almmmmmminnmmmmmmmay

= SAANNANNANNNNNNNNNNNNNNNNN

resonances

v B—'K*(\U(ZS)—'ee) 1 | |

o 1 5 10 4 g 20

2 4
o 9 q- [GeV /]

q = Myy 2
B->K*y| 2| Central B->K*J/\y | B->K*y(2s) High
IOP annual conference L. Pescatore



Dealing with electrons

To40
e The ee channels are the challenge in this analysis: 3 HHED 1
g 30 (d)
» Bremsstrahlung: degrades resolution i trigger
2 10 by electron
— energy recovered looking at calorimeter hits s

5000 5200 5400 5600
m(K e*e”) [MeV/c?]

Magnet ECAL g """"""""" LHC'b ;
>
v F trigger
PhysRevlLett.| 13.15160] § by hadron
arXiv: 1 406.6482 3
P S

5000 5200 5400 5600

E, m(K e*e”) [MeV/c?]
s b LHCb j
s :
= trigger
> by other b
» Low trigger efficiency 3»;
o

5400 5600
m(K*e*e”) [MeV/c?]

5000 5200

— Use events triggered by the electrons, by the
hadrons and by other particles in the event
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Selection for Rk*

? 0_91 | : e PID from variables combining
f 83 information from RICH, calorimeters,
E. 06 muon detector and tracking
— 0.5 .
g 04 Performances in LHCb:
03 e e
02E | HCb unofficial E(K)= 95 7 lor E(TT=XIQ sty
Ol B el E(M) ~ 97 % for g(MT—U) ~ [-3%
: 02
Correct ID probability Mis-ID probabilities

/ PN

m — ProbNNpi X (1 — ProbNNk) x (1 — ProbNNp) > 0.1 = Combined cuts to exploit
K — ProbNNk x (1 — ProbNNp) > 0.05 the full PID power.

e Cuts to remove specific backgrounds (next slides)

* Multivariate analysis base on a Neural Network

IOP annual conference L. Pescatore



Physics backgrounds

Other decays may mimic the decays of interest:

v B*—=K*Z¢ plus a random pion
v Bs—= 77 with KK and a K mis-identified as a T

v No—=pKZ?Z with misidentified particles

» Not peaking: need to be modelled in the fit
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|||||
—
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20000— —

< 3-body KU H invariant mass

™~

15000—

shows a narrow B* peak

10000—

easy to remove

5000—

| | | | | | | | | | | |
4000 4500 5000 5500 6000
M(Kpp) [MeV/c?]

L 1 1 1 1 | 1 1 1
5300 3000 3500
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Physics backgrounds

Other decays may mimic the decays of interest:

v B*—=K*Z¢ plus a random pion
v Bs—= 77 with d—=KK and a K mis-identified as a T1

v No—=pKZ?Z with misidentified particles

» Not peaking: need to be modelled in the fit

’_‘2200 T 1T

2000

1800

Mass recalculated using
m(TT) > mP"PS(K) and a peak
appears in a limited region

M(K(m>K)) [MeV/c?

1600

lII|_III|III|III

1400 = T

1200

of the plane.

1000 =

5100 5200 5300 5400 5500 5600 5700 5800 5900 6000
M(K(>K)puy) [MeV/c?]
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The HOP cut for electrons

Correct electron momentum assuming the energy is lost due to bremsstrahlung

S pT

then recompute

the 4-body mass (mHop)

*“_._J6 Y —— A:‘JG- T Saseall S roeyaBin i s S A:lﬁ T

"?:14 4 ' 2 1814 | | -

R Signal 2 & Part-reco 1% Combinatorial Bacl e
ik ! ; ackgrounds have low
10f { w0 values of mHop

[ " - :
T =] & which gives us
6F m ] 6 - e .
@ W E—— e N discriminating power.
4000 s000 6000 4000 5000 6000 - AEGeT TG 6000
m(Km:c)“ w1 MeVice) m(l(m:c)“UP [MeVic) m(K rtee) MeVic?)

HOP

Flight distance x? vs mnop
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Charmonium channels

e Charmonium channels B—=K*(J/\r—=£¢) peak in the q? spectrum.

* Naturally distinguished from the rare channels by the g? binning

[0.0004,1.17 - [1.1,6] - J/AW - W(2S) - [15,20]

S

‘5"_‘ : T T T T T T ] T T T ':: T : :l v '._ R
= 18 - LHCDb unofficial | é} } 3 = 18 2 3
> 16F et g il i % 16 -
O 14F  ppiceois ' o4 B S =
NU" 12 —; NU" 12 o st ;“ R _":.-.-:. : -é
10 s - 10F ARy =

2B . HH 2 B IR It S =

0 A s ga s T g deta e AP oy L ] e 2 I D R R -

4.5 5 55 6 4.5 5 55 6

M(Kmup) [GeV/c” M(Knee) [GeV/c?
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Mass fits: BO—K*O(J/Ww—pp)

* Resonant and rare samples fit simultaneously
» initial parameters taken from a fit to simulated events
» mass shift to take into account data-MC differences.

=== Sig. KstdPsMM

Bkg. comb

—
o
4]

LHCb

unOfﬁCiaI Bkg. Lb2pKJPs

Signal:
SUM Of tWo et

Crystal Ball functions

Bkg. Bs2KstJPs

Candidtateg per 10 MeV/c?

/exponential

N\b decays:
modelled with
a simulated shape

5700 5800
m(Kruw) [MeV/c?]

5600

5500

5400

| * Kinematic constraints applied
same shape as signal

but shifted in mass to improve resolution
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Electron control samples

§3000 === Sig. KstJPSEE X : ; .

L D " [— Simultaneous fit including
2 unofficial B

_smooo g. Lb2pKJPs

:%OOO Bkg. Bs2KstJPs 3 ContrOI SampleS

to constrain fit parameters

P
4800 5000 5200 5400 5600 5800 6000 6200
m(Knee) [MeV/c?]

4600

(“8250— .
K*J/\y = shape parameters and leakage 2 [ -v- Sig. KSIGEE
%200 :_ I Bkg. comb
N§1o3 % E
% — Sig. KstPSiEE §150_— Pal’“'t—r“eco Bkg. misReco
‘5102 I 100
% Bkg. comb
5 3 LHCb
unofficial
10

4600 4800 5000 5200 5400 5600 5800 6000 6200
m(Knee) [MeV/c?]

K*y — leakage into the low g?and

5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600
m(Knee) [MeV/c?]

(2S) — leakage into the high g2 part-reco background parameters
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Results and systematics

w
o

N
o

2 oo % 0 : _
E - LHCDb unofficial ---- Sig. KstEE g LHCDb unofficial ---- Sig. KStEE
§ % - § » . Bkg. comb

033_ E I Bkg. comb “3’_ 70 J/\IJ |ea|< |

s - 2 Bkg. misReco
3 40 5,

§ E Pal”t- reco Bkg. misReco § Part— reco . Bkg. leakJPs

5600 . 5800 . 6000 6200 4600 4800 5000 5200 5400 5600 . 5800 . 6000 . 6200
m(Kree) [MeV/c?] m(Kree) [MeV/c?]

4600 4800 5000 5200 5400

Result as a double ratio over the resonant channels (similar kinematics)

— reduces systematic uncertainties in efficiency determination

Results not
approved yet,
but soon!

RK* - Ree . Nee . NJ/@b(yy) . 5J/¢(ee) . Eup |
Rup Nopeey  Nuw  €ee Eqpu
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Summary

® Rare decays offer many opportunities fo tfest the SM

® We are testing Lepton Universality with RK*
> Selection finalised
>  Preliminary efficiency and systematics estimates done
> Currently under experiment review.

® Results coming soon!

IOP annual conference L. Pescatore
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Systematic uncertainties

Where possible systematics are evaluated using pseudo-experiments.

Source low-g2 (%) | central-g% (%) | high-q? (%)
Signsal shape 1.65 1.10 2.92 Choice of signal and
wa 0.30 0.12 0.13
A0 pI?€+€_ 0.25 0.28 0.77 background PDFs:
Partially-reconstructed 0.11 4.13 0.10 o Vary fixed parameters
Combinatorial 0.00 0.02 8.02
J/ leakage 0.06 0.01 0.10 e Use different PDF
»(2S) leakage 0.03 0.01 2.00
Efficiency 0.65 0.74 0.83
TISTOS 2.47 2.30 2.80
Bin migration 0.69 1.43 1.19

Efficiency determination:
* Statistics of the MC
* Compare data-driven methods and simulation
* Use different decay models

|IOP annual conference L. Pescatore 17



Sanity checks

* How can we check the robustness of our results?

* Rjy : b —ccs process: no new physics expected
— Ratio corrected for efficiency should be |
— Unaffected by luminosity and fragmentation fraction knowledge

B(B° = K™ Jf (= p"u7)) _ Nopuw) | Eapee)
B(BY—= K Jj{—»eter)) Nipp(ee) €3 (un)

Ry =

« BR(B°—K*y) = (4.33 £ 0.15) x 10~5 (PDG)

— Dominated by SM physics
— Involved only electrons: most challenging channels

|OP annual conference L. Pescatore
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The LHCb detector

ECAL HCAL
SPD/PS

M4 M5
M3

"
RICH2 M . LHCb MC
R (s =8TeV
s
USSR
RN N
\ \\ \
\ \\\ \\‘
Jregn
\\\“ \\ N\
'\\ \\‘
\\ ‘\\ “
\\ \7‘
\ \\

JINST 3 (2008) SO8005

Forward geometry optimised for for b and ¢ decays.
Fully instrumentedin2<n<5
Cleanest LHC events: <Pile-Up>~ 2 in Run |

3fb-1 collected: 1fb-1 in 2011 at TeV and 2fb-1 in 2012 at 8TeV

School of Physics seminar L. Pescatore
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The LHCb detector st oo sosoos

Velo

HCAL
ECAL M5
SPD/PS o

RICH2 M

B mesons travel ~ | cm into the detector;
Vel o Is essential to reconstruct secondary
vertices of B and D hadrons.
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The LHCb detector nss oo sosos

RICH

RICH |: before magnet
PR for | </ pi=WAUREIS s
B RICH I1: before magnet
A\ for 20 < p < 200 GeV/c

ECAL HCAL
SPD/PS

Magnet RICH2 M

'Vtrtcx 8N \
Lowtu y. \ \\ SN
\ \\ \ \.\\ ° °
RN Provide particle ID
YRV SR A 10 \\. «\ » .\__:\. '.\T \

_____

g 8000 B, RN [___1 B —3-body
© 600 “ c E =~ :r___: Comb. bkg il i i a2 a2l
400 : |
200/ .- 10 ©
09 50 51 52 53 5T 52 53 54 55 56 57 5. Momentum (GeV/c)

T Qass (GéV/c’) 7' invariant mass (GeV/c?)

Essential to distinguish kinematically similar decays with different final states
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The LHCb detector nss oo sosos

Calorimeters

PD for charged pions rejection

C
SPD/PS

Rk - SPD for neutral pions rejection

ECAL fully contains electrons
HCAL for hadrons ID

Scintillator Pad Detector (SPD)

Fxample of e/h
discrimination

School of Physics seminar

e

D electrons
hadrons

ECAL

arbitrary scale
o
2

00 02040608 1 1214 1618 2 pre_Shower Detector

Ecluster / p track
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The LHCb detector st oo sosoos

Muon detector

> tracking station separated

ECAL HCAL
SPD/PS

D il \ by iron layers
R Drift tubes in the outer region
N \'\,\ . . :
NN GEM in the inner region
AN due to higher track density
\.\\\\\\\\\\ \\
\\ \\ S W - M5
\\\

Fach station has 95% efficiency. i = =
Provides good triggering, g e i =n

Only 10 GeV/c muons pass through. . g | -
Yt = . J | l R4

School of Physics seminar L. Pescatore 23



— = T T | (B L.
& i

i LHCb )
0.8 relimin =
; ) P 2 7
0.6F I | B SM from ABSZ -
0.4 ]
1 —
02F 2

s 0 15
g* [GeV?/c4]

BO—>K*Oup angular analysis

LHCb
preliminary

" SM from DHMV

—a—

IOP annual conference

s
g? [GeV?/c4

0.5 -
0 ———
L LHCb
i preliminary
I B SM from ABSZ |
0.5+ 2
0 — S — 10 — 15 —
g* [GeV% ¢4

JHEP 08 (201 3) | 31l lacXnva s O toss)
LHCb-CONF-2015-002

Many observables found to be in
agreement with the SM predictions

BUT
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The Rk measurement

5000 5200 5400 5600

100}
- m(K e*e”) [MeV/c?]

;i | o aaaarmaeans —
L «— Kpp triggered by muons 2

2 g @
= 1266 * 41 evts Pl trigger
o 2001 2 1 by electron
< S

E

S

Kee in 3 categories —

05200 5400 5600 § """""""" LHCb ;
m(K*utu") [MeV/c?] b
172 + 20 + 62 evis 3 trigger
3 by hadron
S

5000 5200 5400 5600

_ +0.090 +0.036
Ry = 0.7457¢ 574 (stat) Zgosq (syst), m(K"ee) MeV/c]

s P LHCb
PhysRe\{Lett. Sl Eleh ; trigger
arXiv:1406.6482 = by other b
g
.
O

The ee BR is also reported: e

B(B*— K'ete™) = (156 513 *308) x 1077,
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Global fits

Ay* =156 |

Re (Co)

Re(C7") Re (CNP) Re( ")

Coefficient Best fit lo 30 Pullgy
C},\IP —-1.13 [-1.33,-0.91] [-1.72,-0.42] 4.6

Presented at moriond 2015

 Global fits including information from many results combining many observables.
[S. Descotes-Genon et al. PRD 88, 074002] [Altmannshofer et al. arxiv:1411.3161] [Beaujean et al. EPJC 74 2897]

» A consistent picture can be built putting most results in agreement

» Possible explanation with Z’ bosons.

» Based on assumptions
— we need more data to be sure
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Electron channels: frigger

* The trigger categories (with different mass shapes and efficiencies)

v LOE = triggered by the electron
v LOH = triggered by the hadron and not the electron
v LOl = triggered by other particles in the event (and not the first two)

* Yields parameterised as a function of a common parameter:

No = Nypp o) - T R,

= Allows to get a combined result directly out of the fit
= More stable fit as it gathers information form 3 samples at once
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Electron channels: signal description

* Mass shapes depend on how many bremsstrahlung photons are recovered

v Fit simulation split in brem categories

v Using simulated fractions of 0, | and 2 y
v Build a combined PDF

PLO(mIX) = £32 - PE(mloy) + f12 - PE(mXsn) + (1 = £32 — f12) - PE(mIXs,),

KstJPs|
(04

KstJPs|
m

EE_ 09 PV_LOE _ 135 . 0.00

EE 09 PV_LOE _£oag 0 + 1.

JPSEE 19 PV_LOE _ ) 36 . .03
KstJPSEE_1g_PV_LOE

uss =0.87 = 0.04
EE 19 PV.LOE _ 5246.7 + 1.t

EE19.PV.LOE _ 53156 + 25,

RDWG meeting

Oy: simple CB

| y: CB+gauss

5400 5600 5800 6000 62200

L. Pescatore

JPSEE_2g PV_LOE =0.50 = 0.10

o Gandidiates per 50 MeV/g2
S a & a o o

JPSEE_2g_PV_LOE = 0.7 = 0.1
JPSEE 29 PV LOE _ popg 6 = 1.
JPSEE 29 PV_LOE _ £343.0 + 32

PsEE_2g_PV_LOE =48.1+ 5.0

JPSEE 29 PV LOE _ga 6 . 9.0

2y: CB+gauss

0 5200 5400 5600 5800 6000 62200
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Electron channels: background description

* Combinatorial: exponential
* Background from higher hadronic and leptonic resonances

* Leak of the J/\y and W(29S) tails into the rare intervals

B—(Y—=KnX)(J/y—ee) B—(K*—=Km)(Y->J/Pp—ee)

— —
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Yields obtained from a J/\y mass constrained

Mass fits: BO—K*O(J/Pp—ee)

—_
(@]
>

10°

Candidtates per 10 MeV/c?

10

10

5200 5300

5400

5500

All triggers

5600

=== Sig. KstJPSEE

. Bkg. comb
. Bkg. Lb2pKJPs

Bkg. Bs2KstJPs

5700 5800

m(Kree) [MeV/c?]

For simplicity from now on | won't
show the trigger categories separately

No part-reco background in this case.

RDWG meeting

L. Pescatore

fit.

2

Candidtates per 14 MeV/c?

10?

10°

5300

5400

===+ Sig. KstJPSEE

Bkg. Lb2pKJPs

. Bkg. comb

Bkg. Bs2KstJPs

stlJPsEE,LOE
‘comb

miit =1.31 = 0.09
Noomp =7192.2 = 228.4

LOE
N, =50919.7 = 302.6

5500 5600

o5eale =1.05 = 0.01

=-0.00335 =+ 0.0000¢

5700 5800
m(Kree) [MeV/c?]

Candidtates per 14 MeV/c?
‘% 53

-
o

107"

5300

5400

===+ Sig. KstJPSEE

Bkg. comb

Bkg. Lb2pKJPs

Bkg. Bs2KstJPs

KstJPSEE_LOH
bt =-0.0027 = 0.0004

miit= 06 + 04
Neomp =494.6 = 76.5

LOH
N,/ =4346.6 = 94.2

5500 5600

o5eale = 1.08 = 0.04

5700 5800
m(Knee) [MeV/c?]

3

Candidtates per 14 MeV/c?

é‘, -

10

5300

5400

==+ Sig. KstJPSEE

Bkg. comb

Bkg. Lb2pKJPs

Bkg. Bs2KstJPs

KstJPSEE_LOI
bl E5-1% < 10,0029 = 0.0002

miit= 1.4 + 02
Neomp =2131.0 = 138.3

Lol
NSt =13095.0 = 167.8

5500

5600

o5 =1.04 = 0.02

5700 5800
m(Knee) [MeV/c?]

<
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Theoretical framework:
the effective Hamiltonian

e M(b) << M(W, Z, top) = an effective theory can be built

e Separate aptitude calculations into 2 parts:
* “long-distance”: below b mass scale (known SM physics)
e “short-distance”: above b mass scale (Z,W and top + all new physics)

e An example of effective theory is the Fermi-theory of weak interactions

arXiv:1501.03309

|IOP annual conference L. Pescatore 31




Theoretical framework:
the effective Hamiltonian

e M(b) << M(W, Z, top) = an effective theory can be built

e Separate aptitude calculations into 2 parts:
* “long-distance”: below b mass scale (known SM physics)
e “short-distance”: above b mass scale (Z,W and top + all new physics)

e An example of effective theory is the Fermi-theory of weak interactions

d

u

-
N

C
arXiv:1501.03309
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Theoretical framework:
the effective Hamiltonian

e M(b) << M(W, Z, top) = an effective theory can be built

e Separate aptitude calculations into 2 parts:
* “long-distance”: below b mass scale (known SM physics)
e “short-distance”: above b mass scale (Z,W and top + all new physics)

e An example of effective theory is the Fermi-theory of weak interactions

d ]
a Short distance

/ contribution
associated

) f‘ with Gr

C
arXiv:1501.03309
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Theoretical framework:
the effective Hamiltonian

Effective Hamiltonian for b—d and b—s transitions

AGp
V2

[Ag D Ci(w)Oi(p) + Xy > Ci(u)(Os(p) — OF (u))]

Heps =

Phys.Lett. B400 (1997) 206-219
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Theoretical framework:
the effective Hamiltonian

Effective Hamiltonian for b—d and b—s transitions

Short distance
physics encoded In
the Wilson Coefficients

. —4G F {

Phys.Lett. B400 (1997) 206-219
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Theoretical framework:
the effective Hamiltonian

Effective Hamiltonian for b—d and b—s transitions

Short distance Long-distance
physics encoded In described by a finite
the Wilson Coefficients set of operators

—AGF

Heps =

Phys.Lett. B400 (1997) 206-219
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Theoretical framework:
the effective Hamiltonian

Effective Hamiltonian for b—d and b—s transitions

Short distance Long-distance
physics encoded In described by a finite
the Wilson Coefficients set of operators

~

g D Cilw)Oi(m) + Xy ) Cilu < 0“(#))}

. —4G F {

V2

/
N *
CKM factors: )\q — ‘/q,q

For b—s transitions Vs << Vis

= the second term can be neglected Phys.Lett. B400 (1997) 206-219
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Theoretical framework:
the effective Hamiltonian

Effective Hamiltonian for b—d and b—s transitions

Short distance
physics encoded In
the Wilson Coefficients

Long-distance
described by a finite
set of operators

\ Left-handed and right-handed
—AGF [, } C;0; + C!O!
e — 72 [Aq > Cz'(u)()z'(u)} ‘ —
2 In the SM: C’ ~ my/my, C
Contributions to b—=s£* ¢ : g /-
v Oy : radiative penguin i ;
v Oo9.10 : semileptonic decays b T s
(£ penguin and W-box) s
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Theoretical framework:
the effective Hamiltonian

Effective Hamiltonian for b—d and b—s transitions

Short distance Long-distance
physics encoded Iin described by a finite
the Wilson Coefficients set of operators
\ Left-handed and right-handed
—4GF } C;0; + C!O!
Heff = )\ Z CZ ,u } | o

In the SM: C ~ m¢/mp C
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Phenomenology of b—s£*¢~ decays

Low q?2

region of large hadron recoil E - [GeV] 2 ! 0

« photon pole — linked to C7

b S

* OPE in 1/En applies (SCET)

e up to open-charm threshold
2mc~ 7GeV?/c?

* Interval 1-6 GeV?4/c* cleanest 0 5 10
v Far from photon pole q% = m(£*¢7)? [GeV?c?]
v Far from charm threshold

AINNNNNNNANNANNNNANANNNNNAN SN SNy

[a——
)
N
-

arXiv:1501.03309

¢°=0 Eg-0 >> Agcp q° ~ My y2s) Egw ~MAgep  ¢° = (mp —mg)*
max. recoil large recoil (SCET) CC resonances low recoil (HQET) zero recoil
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Phenomenology of b—s£*¢~ decays

High g2
region of low hadron recoil

* can use limit mp—
* OPE in 1/mp applies (HQET)

 potential contribution from charm

NNNN\N\\\ g

+—» OPE

broad c¢¢
resonances

SNNNNANNN

resonances
(’\.\ T T T dI
< .
> 1500 LHCb —t(?ttaal
s - pONresonant
% - interference
< 100 --- rESONANces -
> i background
g H
R Y
19 R

3

";-I i 1 I..-l I 1
800 4000 4200 4400 4600

My [MeV/c?]
Unconstrained ¥ (4160)
B[x1077] 3.9107 3.5109
Mass [MeV/c?] 419113 4190+5
Width [MeV/c?| 65 22 66 4 12

¢“=0

EK*O B AQCD

]

SuNN \NNNNNNANNNANNNNNNNNV,

| 7 ] ] ] | ] ] ]

2 .
T~ My ap(25)

5 10
q% = m(£*¢7)? [GeV?c?]

[a——
)
N
-

arXiv:1501.03309

EK*O ~ AQCD q2 = (mB = m}?)z

max. recoil

large recoil (SCET)

IOP annual conference

CC resonances

L. Pescatore

low recoil (HQET) zero recoil
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Phenomenology of b—s£*¢~ decays

Central g2

* Dominated by J/y and y(2S)

« Charm resonances through tree

level b—scc transitions
* No predictions possible
* Vetoed experimentally

d/s

b W§<z} v

—_—
— O

SNNNNNNNN NN

SuNANNNNNNNNANNNANNNNNNNNV,

7 <4— narrow c¢c —»
gé resonances
7
/s
/s
/s
/s
/s
/s
/s
| | | | | 7 | | | | | | | | | | | | |
0 5 10 15 20

q% = m(£*¢7)? [GeV?c?]

arXiv:1501.03309

¢°=0 Eg-0 >> Agcp q° ~ My y2s) Egw ~MAgep  ¢° = (mp —mg)*
max. recoil large recoil (SCET) CC resonances low recoil (HQET) zero recoil
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g¢ spectrum DNA

E,. [GeV] 2 1 0
| | I

1 I | 1 1

ANNNNNN\\
NNNNNNNN\ g

QCDF <+ > OPE
%
photon é broad ¢t
pole (¢ resonances

<4— narrow cc —»
resonances

07 - Og

interference

T s

b—
-
—

| | | |

o Al

I
20
g2 [GeV?/c?

Blake, Gershon & Hiller: arXiv:1501.03309v1
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Bin migration

T 20F
N(;E 18;— I_104
5 16 -
14— |
b ' e Events generated in a g% can be
10 ] reconstructed in an other.
- — 10°
8_—_: =
£ 5 e E.g. Due to bremsstrahlung
45-5 10 . . K :
3 L e (Can cause bias is the migration
2
11 | | 11 | | 11 | | 11 | | 11 | | 11 | | 11 | | 11 | | 11 | Of events IS asymmetrlc
0O 2 4 6 8 10 12 14 16 18 20 1

Q. [GeV?/c'] b
* We generate events with

: __ ! '_+_ ! ! | ! ! ! ! | ! ! ! ! | ! " ! ! i .
R ¢ mnay different models to verify how
3 , :_+ + ++ : ColéngelolQC-I‘) e K
R ' much we are sensitive to this
o) C+ +
= 1.5E R +f++¢
PR S ~
bt
05F “**ﬂf
0— — 1
0 5 10 15 20

Q2 [GeV?/c4]
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Combinatorial background for high q°

In the high g? region - above /(2S) - due to threshold effect the combinatorial is not

exponential

obp——F———————
< 035E — ee-MVA <08
03F
0.25F
02F
0.15F
0.1F
0.05F

— un-MVA<0.8

— uwu-MVA<O0.1

6000
M(Krtll) [MeV/c?]

By inverting the MVA cut one selects only combinatorial background!

IOP annual conference L. Pescatore 36



Wilson coefficients

The effective theory matched with the full SM calculation at the EW scale (uw)

Renormalization equations allow to evolve to different scales.

Any particle above the b mass, including Z, W and t, affects at least one coefficient.

New physics enters into Wilson coefficients as additive factors.

hep-ph/9806471.
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Operators

Separating left-handed and right-handed components:

AG a 10 Suppressed
Hers = \/g VisVis 7 ) GO+ GO = S .
=
A complete basis is given by:
YO, :tree level n
v O3.6 and Og: mediated by gluons g a
v O7 : radiative penguin _ é b
v Oo9.10 : semileptonic decays ’ ’
(£ penguin and W-box) §
O _ mp (gO-,UVP b)F arXiv:1501.03309
{ 5 i i Right-handed operators
09 — (S’YMPL[?) (é’)/’ug), can be obtained swapping

Pr and PL

O10 = (57 Prb) (€y"5¢)
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Operators

Separating left-handed and right-handed components:

10 Suppressed
LV ot 3 [GiO; + Cloj) — € = mime

A complete basis is given by:

Heps =

v O\, :tree level
v O3 and Og: mediated by gluons
v Oy : radiative penguin

v Oo9.10 : semileptonic decays
(£ penguin and W-box)

arXiv:1501.03309

Right-nanded operators
can be obtained swapping
Pr and PL
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Operators

Separating left-handed and right-handed components:

10 Suppressed
V ey E ¢ @ @ C’ ~ mg/m, C

A complete basis is given by:

Heps =

v O\, :tree level
v O3 and Og: mediated by gluons
v Oy : radiative penguin

v Oo9.10 : semileptonic decays

(£ penguin and W-box)

arXiv:1501.03309

Right-nanded operators

09 — (S’YMPL[?) (g"}/’ug), cF;)an bzc;)btained swapping
Ohg — (57, FPrb)( ) e
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The LHCb experiment

Precise vertex reconstruction: g(IP) ~20um
Good PID (RICH): epip(K) = 95% for MisID(1mT—K) = 5%

 Excellent mass resolution dp/p~0.5%

 Very clean muon ID for trigger ~97%

Forward spectrometer

fully instrumented in

Flexible 2-level trigger:

e Hardware level —
on muons, hadrons,
electrons and photons

» Software level (HLT) —
using partial reconstruction

JINST 3 (2008) S08005 :
L. Pescatore Rare decays at LHCb HEPFT, 2014  3S




The LHCb experiment

* Precise vertex reconstruction: o(IP) ~20um e |L'>
e Good PID (RICH): epin(K) = 95% for MisID(TT—K) = 5% > B/D
p U o

 Excellent mass resolution dp/p~0.5%

 Very clean muon ID for trigger ~97%

Forward spectrometer

fully instrumented in

Flexible 2-level trigger:

e Hardware level —
on muons, hadrons,
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» Software level (HLT) —
using partial reconstruction
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The LHCb experiment

0 N
* Precise vertex reconstruction: o(IP) ~20um |L.
,@
: N
e Good PID (RICH): epip(K) = 95% for MisID(1m—K) = 5% B/D
Srear Thi
S0 [ — : =g -
> laogk : Eleik | .
ggg:g;; = o Excellent mass resolution dp/p~0.5%
e L N W ‘I"'fffif‘ki /& e Very clean muon ID for trigger ~97%
49750 51 szsns\fa‘:lrﬁ;agss (Gse\-;/cs)t 5sT 52 S?t*nﬁ:vansaﬁt msags (%ZV/cz) &}
Forward spectrometer | CALO
fully instrumented in VELO " RICH .

ECAL M4 MS
SPD/PS
Magnet\A RICH2 M1
Flexible 2-level trigger: »

« Hardware level —
on muons, hadrons,
electrons and photons

» Software level (HLT) —
using partial reconstruction
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The LHCb experiment

0t N
* Precise vertex reconstruction: o(IP) ~20um |L.
,@
: NS
e Good PID (RICH): epip(K) = 95% for MisID(1m—K) = 5% B/D
Srear » W
S0 [ — : =g -
S la0of : s [ .
=i 2 Excellent mass resolution op/p~0.5%
e L N W ‘I"'fffif‘ki /& e Very clean muon ID for trigger ~97%
43 &0 51 525n3‘5">a4:”i'>t?na256 (Gse\z/cs)E OJ S S?t*nsl:varlsaﬁt msags (%ZV/cz) &} -
Forward spectrometer | CALO MUON
fully instrumented in VELO " RICH . \ X

ECAL
SPD/PS
Magnet\A RICH2 M1
Flexible 2-level trigger: »

« Hardware level —
on muons, hadrons,
electrons and photons

» Software level (HLT) —
using partial reconstruction
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The LHCb experiment

0t N
* Precise vertex reconstruction: o(IP) ~20um JL.
,6\
. \C)
e Good PID (RICH): epip(K) = 95% for MisID(1mT—K) = 5% B/D
§§§§§; etk O | p p
= 1800 g L] 3 m
3\11500 é_ é E .
= e Excellent mass resolution op/p~0.5%
20 A SR\ Wi 2 e Very clean muon ID for trigger ~97%
1950 51 52n5n3\?aérllar:stsmags6 (GF:e\7I/c5)E = = 52 S?I*Jtsl:var?ait msags (%e7V/c2) &}
— 2.5 : . . : ,
Forward spectrometer & 2012: 4+ 4 TeV 2012
. . MR I R Delivered Luminosity 2.21 fb1 i A
fully instrumented in S ok Recorded Luminosity 208 1 s
G>J~ ------------------- Delivered Lummo(;ty 1.21 fb" :
> Recorded Luminosity 1.10 fb™’ F!
o 2010: 3.5+ 3.5 TeV Pty - |
> 1.5F---] Delivered Luminosity 0.04 fbr“ T i e
:‘5 Recorded Luminosity 0.04 fb :“;J; 2011
o [ ——— &  e..QN L
£ ;
- : = . i
3 fb-! of data on tape: s 1 7
1fo! @ 7TeV 2011 2 osh S ]
2fb' @ 8 TeV 2012 : ey
E 0 Apr J;Jn .Aug . Oct .Dec .
Date
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IPy2 and DIRA

Displaced

Secondary
Vertex

Primary

bv \ Vertex

PV
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Global fit results

Coefficient Best fit lo 30 Pullgm
Gl —0.02 [-0.04,—0.00] [-0.07,0.04] 1.0
g'E —-1.13 [-1.33,—-0.91] [-1.72,—-0.42] 4.6
Cio 0.47  [0.21,0.74] —0.28,1.35] 1.8
& 0.02 [-0.01,0.04] [-0.06,0.09 0.7
(o 0.48  [0.19,0.77] —0.36, 1.37 1.7
O —0.24 [-0.45,—0.04] [-0.87,0.38 1.2
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