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@ Operations & EYETS

o EYETS hardware and software activities
e Preparation for 2017

@ Physics: a selection of new results since last LHCC
o Fixed target
e Spectroscopy
o Observations
e CP violation
e Rare b-hadron decays

o Upgrade
e Status and plans
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EYETS: Hardware

Hardware:

SPD repair

open large subdetectors
venting of the beam pipe
survey measurements

online farm WinCC upgrades

Some exceptional interventions:

replacement of the lift

CO; transfer lines installation

repair Silicon Tracker bond

Herschel scintillators replacement

RICH 1&2 HPD exchange

Replacement of FE board of the outer tracker

SPD VFE problem required fully opening of the SPD

All planned activities during the EYETS have been successfully accomplished. )

The cavern has been closed on 27th April. J
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EYETS software activities

@ During EYETS we produced ~ 1.4 billion MC events (on disk, after filtering)
@ About 1/3 of these events produced on the HLT farm.

F imitation of
a total of 40k concurrent jobs:
full exploitation of the farm

Farm maintenance

Problem with infrastructure supporting
distributed computing

Running Jobs Site (EYETS 2016/17)
18 Weeks fronf Week 50 of 2016 to Week 17 of 2017

2016-12-22 2017-01-05 2017-01-19 2017-02-02 2017-02-16 2017-03-02 2017-03-16 2017-0330 2017-04-13

Max: 104, Min: 4.31, Average: 68.0, Current: 4.31

LCG NIKHEF ni 22% W LCGUKILT2ICHEPuk 09%

re 20% W LCGLPNHER 07%

LCG CSCS ch 18% O LCG.UKILT2-Brunel uk 07%
O Lc LCG SARA Nl 15% @ LCGLPCH 07%
B L LCG Manchester. uk 15% B LCGICM pl 07%
m L % B DIRACYANDEXSKYGRIDru 13% M LCGLALfr 06%
B (CGINZP3.fr 35% M LCGRALHEP 12% B LCG.CPPMIr 06%
B LCGRRCKIu 26% DO LCGUSCes 12% O LCGRUGHI 06%
B DIRAC YANDEX ru 23% @ ICGPICes 10% . plus71more

Generated on 2017-04-24 08:07:34 UTC.

LHCb makes maximum use of computing resources. J
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Preparation for 2017: trigger

For Run Il (2015-2018) LHCb introduced

nw——————————————

@ split of the High Level Trigger (HLT),

@ buffering events between stages,

80

60

" @ performing a real-time alignment and calibration.

Disk usage [%]

20

%5 2 25 0 35 40 s
Week in 2016
Disk usage in 2016

| Resources monitoring is mandatory. )

@ Estimation of the disk usage for 2017 data
depending on the LHC performance

@ Preparation of two trigger configurations
(tight and loose)

v

Other activities

@ Bandwidth division retuning

Simulations of disk usage for 2017 @ Further optimization of all HLT lines

Disk usage fraction
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Turbo: do your selection in the trigger!

Offline reconstruction and

@ Decays selected exclusively. associated processing

@ Crucial for analyses with large statistic. S— Y
@ Save significant amount of disk space. L
— Offli i d
@ About half of the HLT?2 lines use Turbo streams. | Calibration J a:;::ri::::s;:::::sri‘nagn
new 2017 TURBO++ (since 2016)
TURBO (since 2015)
T +y,m°
PV px+ ot U
@ R
~
Do B
(0]
K+
e - N d K+
Event size: 15 kB T Event size: 70 kB Other tracks from PV -
Event size
New: TurboSP (Selective Persistence) save candidate and subset of the reconstruction.
Turbo++ (Full Persistence) was an intermediate step, will be replaced by TurboSP.

Turbo paradigm makes maximum use of limited disk, tape and CPU resources. J
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https://arxiv.org/abs/1604.05596

Preparation for 2017: alignment and calibration

— Magnet polarity down —Magnet polarity up
H T

Studies of the 2016 stability for further 5 03T ™ Primary Mirrors ]
i 5 F | | ' ' o primary mirror 0 |
procedure tunings. E,,f LHCORICH1 b pmaymierd
= 020 VoA . . primary mirror 3 |
R} £ Preliminary ] ]
2 o ' : -
5 f Lo E
> ]
> 0
< E
New fully automated approaches: o1f 3 E
@ RICH alignment: update expected after 02 3
each magnet polarity switch i - ]
0. 1 1 L Il 1
@ 70 calibration: update once per month 0 10 2 /i(l)ignmem r:‘fmber
Update after each magnet polarity switch
§ 0.3 T T T Primary Miryorsr
g f ( 1 ' 8 Drimary mimor] 1
Eopf LHEORICHL i f i) 2
. . . . . § | Pielimidary ; : "
New dedicated calibration lines in the Fob | E
: . R Lo | ]
trigger: S o ‘ ]
@ neutral PID, 01:— ! ! ]
@ electron tracking efficiency. F P ! ]
-02f ¢ . ! -
Central production for PID and tracking osb 1+, o + L]
efficiencies. 0 10 2 0 40

Alignment number
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Detector commissioning for 2017

@ 4th-14th April: first commissioning week.
@ Most of subdetectors in global running.

@ 26th April: VELO switch on as soon as it was
under vacuum

@ 1st May: start shifts during the day

IIIII‘I Dedicated scans or data taking
I for calibration and alignment
are ongoing.
R L

We are getting ready for collisions! J
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Papers Status

2017

2016

2015

2014

2013

2012

201

2010

Publications per year

0 20 40

Number of publications

Papers submitted per month

60

80

Since the last LHCC report:
@ 12 papers,
@ 2 conference reports

have been submitted.

In total:
@ 376 papers
@ 20 in 2017

@ 3 further papers within
the Editorial Board
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Title PAPER number arXiv Journal submitted on
Lepton universality test with BY — K*0pte— decays 2017-013 Not yet Not yet Not yet
Measurement of the BSO and D~ meson lifetimes 2017-004 Not yet Not yet Not yet
Observation of charmless baryonic decays

0 iden— 2017-005 1704.08497 PRL 27.04
B(S) — pph™h
Resonances and CP-violation in B’g and
Bg — J/'QUK+K7 decays in the mass region above the 2017-008 1704.08217 JHEP 26.04
#(1020)
First observation of a baryonic Bg decay 2017-012 1704.07908 PRL 27.04
Observation of the d A K~ and

o CEHEID CIT GiIS CEEEDS W = 24ailfEis el 2017-011 1704.07900 PRL 25.04
Np = Xc2PK
Observation of the decay B — D*~ Kt x+ 2017-006 1704.07581 | PRD(R) 24.04

0 0 Sl 0 :
MEPRMEGERE (5% (Ep (5P €G] A Rt 2016-062 1703.08464 | PLB 24.03
asymmetries in 7 and 8 TeV proton-proton collisions
0 - ; i
Measl-Jren?ent- of the By — p™u . brancrlng fraction and 2017-001 1703.05747 PRL 16.03
effective lifetime and search for B® — p™ ™ decays
Sis;rzation of five new narrow Qg states decaying to 2017-002 1703.04639 PRL 14.03
—c
Search for the decays Bg — 7t7~ and B —» 77— 2017-003 1703.02508 PRL 07.03
. 0 -+ -

Observatllon 91’ the decay Ay — pK™ p" ™ and a search 2016-059 1703.00256 JHEP 01.03
for CP violation
Observation of the decay B — d evidence fi

peervation of the decay B;' = flc and evidence for 2016-056 1702.08048 | JHEP 26.02
B, — nem " w
Title CONF number CDS submitted on
Measurement of antiproton production in pHe collisions at |/syy = 110 GeV 2017-002 link 21.04
Measurement of J/1) and D° production in pAr collisions at /syy = 110 GeV 2017-001 link 14.03
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https://arxiv.org/abs/1704.07908v1
https://arxiv.org/abs/1704.07908v1
https://arxiv.org/abs/1704.08497
https://arxiv.org/abs/1704.08217
https://arxiv.org/abs/1704.07908v1
https://arxiv.org/abs/1704.07900
https://arxiv.org/abs/1704.07581
https://arxiv.org/pdf/1703.08464.pdf
https://arxiv.org/pdf/1703.05747.pdf
https://arxiv.org/pdf/1703.04639.pdf
https://arxiv.org/pdf/1703.02508.pdf
https://arxiv.org/pdf/1703.00256.pdf
https://arxiv.org/pdf/1702.08048.pdf
https://cds.cern.ch/record/2260835
https://cds.cern.ch/record/2255650

Reminder: SMOG

The LHCb detector can work as
a fixed target experiment. ’

\%ﬁ”'.‘m.
SMOG: System for Measuring Overlap with Gas, I
allows injection of a small amount noble gas

(He, Ne, Ar,...) inside the LHCb beam.

Originally designed for the precise luminosity measurements at the LHC. (2014 JINST 9 P12005)
Nowadays also used for cross-section measurements. J

Ky

1,

- ’Oo
He

p-He collisions at \/syv = 110 GeV, in the p momentum range from 12 to 110 GeV/c.
Integrated luminosity: 0.4 nb~*
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https://arxiv.org/abs/1410.0149

p/p ratio: higher yield of antiprotons and a milder energy
dependence with respect to most theoretical predictions.

PAMELA 2012
AMS-02 2015

1077 —  Fiducial
] Uncertainty from:

Propagation
ms Primary slopes
Solar modulation
1 5 10 50 100
Kinetic energy T [GeV]

10-6

Prediction uncertainty is limited by cross-section knowledge
of p-He, inducing a (20-30)% uncertainty on the ratio.

LHCb measurements of o(pHe — pX)
reach a ~10% precision.

The measurement is larger by ~1.5
w.r.t. EPOS LHC.

)
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The LHCb experiment is contributing to
cosmic ray physics

10°% (120 < p<140Gevic)

LHCb Preliminary
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Solid curves: the EPOS LHC absolute predictions.




Observation: QU states LHCb-PAPER-2017-002

Only the ground states Q0 (JP = 1/2%) and Q:° §
(JP = 3/2%) are known so far. =)
2
g
3
— . . . g
=! are combined with opposite sign kaons and look at ©
the m(=F K~) invariant mass spectrum.
ol \
2440 2460 2480 2500
oo | m(pK ) [MeV]
! 6 — -
5 new Q¢ states observed J ~10° =F — pK at
S T T
S 400C LHCb
E [ + 5K Data sample: 1.0 (7 TeV) + 2.0 (8 TeV) + 0.3 (13 TeV) fb—* )
: + — Full fit
r - Background
8 300 Feed-downs Resonance Mass (MeV) I' (MeV) Yield
S W= sidebands 2.(3000)°  30004+0.2+0.170%  45+06+03 1300+ 100+ 80
] b 2:(3050)°  3050.2+0.1+£0.1732  0.8+0.2+0.1 970+ 60+ 20
3 r < 1.2MeV,95% CL

02.(3066)°  3065.6+£0.1+0.372  35+£04+02 1740+ 100+ 50

2,(3090)° 3090.2+0.3+£0.5703  87+£1.0+£08 2000+ 140 + 130

2,(3119)° 311910340972  1.1+08+04 480+ 70+ 30
< 2.6 MeV,95% CL

3100 3200 3300
m(EK) [MeV]
(CERN)

Highlighted by PRL with an editor-written synopsis. )



https://physics.aps.org/synopsis-for/10.1103/PhysRevLett.118.182001

Observatio - LHCb-PAPER-2017-011

B(A) = xe1pK™)

B(A) - JlypK~)

Sister channels to mode /\?’ — J/YpK—, B(A) = x2pK™)
in which pentaquarks were found J B(AY - JlypK-)
B(A) = yopK™)
B(A) = xapK™)

=0.242 £ 0.014 + 0.013 =+ 0.009,

=0.248 + 0.020 + 0.014 + 0.009,

=1.02 £ 0.10 £ 0.02 £ 0.05,

The first S © & observe the decays. ) third uncertainty due to the branching fractions of the

Xei(2) = /v

LHCb

ﬁfii Z'E 1.0 (7 TeV) + 2.0 (8 TeV) fb~1
— - Comb. "~

Data sample: J

Events / (5 MeV/c?)

285+23
Two new decay modes observed with

7\
MHW///N\Q\\‘ ey high statistical significance:
5450 5500 5550 mf(vﬁxolOIpKiiﬁ[ilsleV/cS;]OO /\% — XClpK: (290),
Ny = xcopK™ (170)

Using both decay modes, the mass of the A9 baryon is measured:
m(AY) = 5619.44 + 0.28 + 0.25 MeV/c?
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Observation: B(Os) — pphth~

LHCb-PAPER 7

5700 ‘ ‘ Data 3
3 600 —Towfit 4 . . .
2 w0 :Z~P§:" E A new potential for CP violation measurements. J
ju) s — PPKT
g 8 — pprt
| 300 ~--.Comb. bkgd. 3
=]
"g 200 -1
8 1o Pt e Data sample: 1.0 (7 TeV) + 2.0 (8 TeV) b J

0 5200 5’;[:0 54‘00 55‘C0

K 1) [MeV/ . . .
Pk Mev/c] Branching fractions determined as:

R i j T T corr ( RO —7 7/
§ b Lo ;zj:; " B(B(s) — pphh ) _ N (B(s) — pphh ) y &
2 onf omm 3| [Bus(BO > JKB92))] N (B Jjp K*(892)°) \" /s
- _F o
?élw; - zov;b.pggu(_ 3 Decay channel Yield A Branching fraction / 10~¢
SF B = ppK K G817 41 0.113 +0.028 + 0.011 £ 0.008
8 sob BY = ppKw 4156+ 83 = 25 5.9 403 0.3 ).
O F i ) T BY = ppan 902 + 35 > 95 2.7 401 0.1 0.2

=500 5300 5400 00 BY = ipK K 635+ 32 > 25 42 403 402 +03 +0.2

m(pp7rr) [Mev/c?] BY — ppK= 246 + 39 6.5 L3 +021 £0.1 .09 +10.08

—~ , : BY = p 39+ 16 26 041 £0.17 £0.04 £0.03 £0.02
B paa 3 BY = JfpK*(892)° 1216445
3 160; —Tota fit LHe
g 125 B: - PPKK third uncertainty due to the branching fraction of the normalization mode, fourth
S 1205 g? . pprK 3
Gk 6 SEKH 3 (where present) due to f5/fy.
£ 80F - Comb. bkgd. El
B
5 60

2 q
3 OBty AT Four-body charmless baryonic BY decays

oty : : - observed for the first time.

540(5 5500
m(pPKK) [Mev/c]
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¢s from BY — J /KT K~ LHCb-PAPER-2017-008

LHCb dominates the world average.

Weak phase ¢s -
@ Standard Model: ¢s = -36.3 £+ 1.3 mrad 5 o

CMS 19.7 fb !

@ Sensitive to New Physics in interference
between Bs mixing and decay amplitude.

@ Extensively studied in the LHCb experiment LHC 3 fb
with Run | (1.0 (7 Tev) + 2.0 (8 Tev) b~ 1) data. s
o)
J/¢¢ (PRL114, 041801 (2015)),

New: to fully explore Run | data: J J/pm 7w~ (Phys. Lett. B736, (2014) 186),

0 e $(25)¢ (Phys. Lett. B762 (2016) 253-262),
¢s from B — J/pKTK~ for miyk > 1.05 GeV. D D= (PRLL13, 211801 (2014))

LHCb =
$(1020)
£1(1525) =

1800
1600
1400
1200
1000
800/
600
400
200/

mxx > 1.05 GeV % o A e
%, = 119+ 107 + 34 mrad, o | et
|A| = 0.994 =+ 0.018 % 0.006,
T, = 0.650 = 0.006 = 0.004 ps~"

AT, = 0.066 £0.018 £ 0.010 ps™* o

ields / (15 MeV)

v

S — wave :

i

00 5350 5400 5450 1 5 2 -
MIYKK) [MeV] My [GeV]

New LHCb average from (B2 — J/v¢, J/9pK+T K™ for myy > 1.05 GeV, J/prt7n):
¢s = 1 4+ 37 mrad
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https://arxiv.org/abs/1411.3104
https://arxiv.org/abs/1405.4140
https://arxiv.org/abs/1608.04855
https://arxiv.org/abs/1409.4619

B? and D; lifetimes

Data sample: 1.0 (7 TeV) + 2.0 (8 TeV) fb—* J

|

Lifetimes measurement with semileptonic
decays: BY — D!

9 I o plpﬁ\/ ﬁpLD# 7'971535i0015i0014ps

5 ] (hadronic, LHCb)
Y 6 o - ~f3 = 1.479 + 0.010 + 0.021 ps
2 ) LHCb s
% Z emﬁ 6 -+ Data | (semileptonic, DO)
= 3 < 4 “Fie d 7,— = 0.5074 & 0.0055 £ 0.0051 ps
Q = 2F s

2| 2|
w1 = e (FOCUS)
g 3
@ 30 D decay time [ps]
Q 0 * Dua
= B , ~ 10
k=l A8 oV <
g ol St o 1| 55 gW LHCb new results
O 15 E""'“‘“"“‘“‘ M1 EN F& — 1.547 + 0.013 + 0.010 == 0.004 ps

| Combinatorics X gl 8
1op —rit ] 5 d 10 (third systematics due to 75)
5 B decay time [ps] 7~ = 0.5064 + 0.0030 + 0.0017 % 0.0017 ps
= y s
4 5 6 7 8 (third systematics due to 7p)
e Gevie| | Ar(B) = 1/ -

Signal B — D<*)u+y Reference B — D(*)pﬁu . .
s Y " H world's best determination.

Significant improvement of the
~407 000 candidates ~108 000 candidates
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Lepton Flavour Universality: Ry-o

LHCb-PAPER-2017-013

in preparation

@ In Standard Model couplings are equal for b — su™t ™
and b — sete™.

@ LFU test with BT — K/l published (PRL 113 (2014) 151601)
@ Measurement with B® — K*0/+/— K*0 5 Kr decays.

@ Ry.o is calculated as double ratio:

R B(B°— K*u*u~) / B(B°— K*%¢te™)
Ko =

B(B°—= K*Jpp (= ptu™))/ B(B"— K*Ji(—ete))”
@ Measurement performed in two g2 bins:

o low: [0.045 - 1.1] GeV?/c*
@ central [1.1 - 6.0] GeV?/c*

where g2 is the squared di-lepton invariant mass.

@ Data set: 1.0 (7 TeV) 4 2.0 (8 TeV) fb~?

i o 5
A&IKI 5000 5500 6000 5 5000 5500 6000
m(K ) [MeV/e?] m(K zee) [MeV/c?]

A.Dziurda (CERN)

Standard Model (SM)

BO K‘U
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B° K°
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601

Lepton Flavour Universality: Ry

low-g?

central-g®

LHCb-PAPER-2017-013

in preparation

B® — K*0J/y)

B wf E B @ =
; wE- LHCb i ; o LHCb A LHCb
g 7 - Signal 2 - Signal <+ Signal
oE- E s E
S o Comtinatoria E 3 Continatoria Continatoria
y wE E g o - K v
-3 3 w R
8 8 » 8
T eE oot z? 5
2 wf = 5 -]
3 E P
3 RO 3 3
Bt
L Eta b i W CI 2 Ew A i A Y
) 'H z Z oFMy T e
= | SE £
5200 5400 5600 5800 5200 5400 5600 5800 5200 5400 5800
MK up) [MeVic?] MK 7up) [MeVic?] MK 7T ) [MeVIc?]

(] -

O % LHCb E| %’ * LHCb E % E LHCb E
(= 2 - S 3 i - S E Sk - S ’
% 3 Combinztorial E 3 = Combinatoria E 3 “F Combinatorial =

% BoX(-YKee 3 % o BoX(-K e v *F 7 SKPIp(-)
x 2 E 3 8K W y(-ee) a af K A y(ee) =
8 3 g E 8 ok E
3 oosegers ol T, sicdeso ooy g
T 2 E - 4 5 ™E E
3 = k- E
3 ¥ : i i 3] 4 A 3
o z et 2 2 ohrvrhtt PR/ z R et .
m SAR AR A 3 hs gty 3 o e W e
4300 5000 5500 5000 4500 5000 5500 5000 4500 5000 5500 5000
m(K r7ee) [Mev/c?] m(K r7ee) [MeV/c?] m(K r7ee) [MeV/c?]

Signal B® —

K*%ee candidates:

about 90 (110) in low (central) ¢*
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Lepton Flavour Universality: Ry-o R PA AR AT HTIE

2 2
'f;“ﬁg Cenot[g'-q Compatibility with the

Ric+o 0.660 * 570 = 0.028 | 0.685 © g9 = 0.047 Standard Model:
95% CL [0.517,0.891] [0.530,0.935] low-g%: 2.1-2.40
99.7% CL [0.454,1.042] [0.462,1.100] central-g?: 2.4-250

2.0
o~ S0k S ]
- 1_35 ] = 1 ¥mee ]

[ ] 08F B
: ] »—£—< ] 5
LOF . 0.6 F b B

@® LHCh

: 1 r BIP ]
Y I 041 v CDHMV ]

051 ® Lich r ® Eos ]
r 2 av.io 7
[ LHCD i *2F Lion MR
ool e
0 5 10 15 20 0 1 2 3 1 5 6
¢ [GeV?/cY] ¢ [GeV?/c!)

More information: CERN Seminar given by Simone Bifani J
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http://lhcb-doc.web.cern.ch/lhcb-doc/presentations/Seminars/Cern_Seminar_Bifani.pdf

Other related anomalies

@ The result is interesting in
context of other
measurements:

@ test of LFU with

BT — KTl
°
@ angular analyses

@ First week after CERN R0
seminar: 15 theory papers.

More statistics needed.
@ Run Il analyses are ongoing.

Stay tuned!

ziurda (CERN)
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Outlook of forthcoming new results

Run-2 data already on tape (more than doubles the Run-1 statistics for heavy flavours).
@ Updates of LFU and related measurements with b — s/l using Run-2 are top
priority.
o Besides additional statistics, improvements in the analyses can bring the
experimental uncertainties down significantly.

@ New measurements of LFU with semitauonic decays
e e.g. using B — D*1v, B — J/91v etc.
@ Updates of CP violation measurements in the Bs-meson sector
@ ¢s analysis with J/¢Y KK and J/¢7mm ongoing.
Updates on
New results in heavy flavour spectroscopy.

First results from

And many others...
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Upgrade (after LS2)

2015 2016 2017 2018 2019 2020 2021
I [E[m[a]M[3[3[A[s[o[NIB[ 3 TF[M[a]M] 3 [ TAS[oN]B] 3 [F M{ATM[ 3 [3 Ta[s]oN]B] 3 [FM[A]M[ 3 [3 [a[S]o[N[B] 3 [F[M[AfM[ 3 [3 [a[S]o[n[o] 3 [FIM[AM] [ ][ S[o[N[o] 3 [F Ml M]3 [3 Al S[o[N[D]
EVETS 152
Technical stop

Protons physics

&

Ions

Side View ECAL HCAL e M3

Magnet SciFi  RICH2

Detector read out at 40MHz

Software trigger

New tracking system:
VELO, UT, SciFi

Upgraded PID system

upgrade

LHCb is approaching an upgrade phase. |
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Upgrade (after LS2)

LHCC in-depth review last Monday. )

@ Upgrade construction phase
ongoing.

@ Delivery of important components
(e.g. RICH MaPMTs, SciFi fibres)
well underway.

@ Most front-end ASICS in

production, wafers expected in VELO pchannel cooling substrate wafer diced
summer. . ‘wound e mas over ime (staus: 25.04.17) )
. . (= L =
@ Final submission of UT (SALT) i can Statusof Scifi 5
. . Sl el fibre mat 1 UT silicon sensor with embedded pitch
and VELO (VeloPix) ASICS in - ] 2 || adaprer
production e
summer. . s
. R
@ Computing and software o ZS’,

framework development
progressing:
TDR expected in Q4 2017
@ Assembly and installation
infrastructure in preparation.
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Conclusions

@ All tasks accomplished for EYETS. The cavern is closed.

@ Smooth commissioning and preparation for 2017.

12 more papers submitted and 2 conference reports since last LHCC
report.
o Lepton Flavour Universality tested with B — K*0/+/~.
e Many new observations.
e LHCb is also contributing to cosmic ray physics
with fixed target cross-section measurement.

@ Many new results coming soon for summer conferences.

Upgrade activities ongoing.

We are approaching the installation phase.
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Thank You |
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Control of the absolute scale of the efficiencies via the ratio

BB = K*Jpp (= ptu))
YT B(BY S KO (— eten))

which is expected to be unity and measured to be

1.043 + 0.006 (stat) = 0.045 (syst)

Result observed to be reasonably flat as a function of the decay kinematics
and event multiplicity.

Extremely stringent test, which does not benefit from the cancellation of
the experimental systematics provided by the double ratio.
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e BR(B® — K*Ouu) in good agreement with arXiv:1606.04731.

@ If corrections to simulations are not accounted for, the ratio of the
efficiencies changes by less than 5%

@ Further checks performed by measuring the following ratios:
_ B(B°—= K*y(— ete))
" T BB S KO (= ete))

R BB = K*%(28)(= p*p7)) / B(B®— K™")(25)(= e*e”))
Ve T BB KO (> ptu)) | B(BY— KOJp(— eten))

which are found to be compatible with the expectations.
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Cross-check

Relative population of bremsstrahlung categories compared between data
and simulation using B® — K*0J/4(ee) and B® — K*Ov(ee) events

ol 5% T
2 sof 2z 10 3
- E o imnint]
g 7 8 60 i
g 40 3 o.>> not possible to J
= E ] 50 assign
2: E ] = 40 unambiguously J
=} 300 4 c one photon to a 3
B 18 3 track dueto 3
8 20 4 B8 very small
= 1 & 20 opening angle
10 4 between 3

E 10 electrons
0 = 0 I L E

LOE LOH LOI LOE LOH LOI LOE LOH LOI LOE LOH LOI LOE LOH Lol LOE LOH LOI
oy Iy 2y Oy Iy 2y
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Cross-check

w 0450 .
g E LtCb Pretminary

g 0.4E ), 8 Kuu Oua)

B 035 B oKeOuw

E V0 E — 5 o K (Simutaion)
B 03F K e Simtaion
B 025F

B E

é 02F

S 0.15F

Z %

T T T
b Preliminary
7 B - K up (Data)
B — K"ee (Data)
— B K (Skmulnuolﬂ

B K% (ixmulxuun)%

% I V)l '/'/?7/7)'/7‘ b
1 1 1 = 1 1 1
850 900 950 850 900 950

m(K ) [MeV/c?]

m(K ) [MeV/c?]

Normalised distributions

7 Z

/// T /////

T T

LHCb Preliminary

27 B - K up (Data)
B° - K "ee (Data)

—— B’ - K (Simulation)
B® — K e (Simulation)

_//4/444///

T T
LHCb Preliminary
727 B® - K" up (Data)
B” - K e (Data)
—— B’ - Kyt (Simolation)
B’ - Kee (Simulation)

)

L\

//////%I E

central-q?

5 6
¢ [GeV¥cH

ziurda (CERN)

0.5 1
¢ [GeV¥c4



New Physics context

[0.045,1.1] GeV? [1.1,6.0] GeV? Low Recoil

r T
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New Physics: 15 papers

Global model-independent analyses
Tree-level Z’'

Loop-level Z'

Tree-level leptoquark

Loop-level leptoquark

Composite Higgs

Light degrees of freedom

H N R H N H M= &

RPV SUSY
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Bremsstrahlung

Magnet ECAL
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Upstream : Downstream
brem /\ brem
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Partially reconstructed backgrounds

HCAL

Primary Vertex

K,(1270)
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B — K*0p+4-
B — K*OJfp (- £747)
low-g? | central-g2
pwrp~ | 285+ 18| 353 +2 274416 * &%
ete” (LOE) | 55+ 3| 67+ 19 43468 * 33
ete” (LOH) | 13% 3| 19+ ¢ 3388 * &
ete= (LOI) | 21+ 3| 25+ 1 11505 * 117
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Systematic

low-g? central-g?
Trigger category LOE LOH LOI | LOE LOH LOI
Corrections to simulation | 25 48 39| 22 42 34
Trigger 01 1.2 01|02 08 02
PID 02 04 03|02 1.0 0.5
Kinematic selection 21 21 21|21 21 21
Residual background - - - | 50 5.0 50
Mass fits 1.4 21 25|20 09 1.0
Bin migration 1.0 10 10|16 16 1.6
T flatness 16 14 17|07 21 07
Total 40 6.1 55|64 75 6.7
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Systematics

@ Corrections to simulation: besides the uncertainty due to the size of the samples, an
additional systematic is determined using different parameterisations of the corrections.

@ Kinematic selection: a systematic uncertainty for Data/MC differences in the description
of the bremsstrahlung tail and the MVA classifier is determined by comparing simulation
and background subtracted B® — K*0J/~(/l) data.

@ Residual background: both data and simulation are used to assess a systematic
uncertainty for residual background contamination due to B® — K*0J/~(ee) events with
a K <> eorp< eswap

@ Mass fit: a systematic uncertainty is determined by running pseudo-experiments with
different descriptions of the signal and background fit models.

@ Bin migration: the effect of the model dependence and description of the g2 resolution in
simulation are assigned as a systematic uncertainty.

@ r;/v flatness: the ratio is studied as a function of several properties of the event and
decay products, and the observed residual deviations from unity are used to assign a
systematic uncertainty
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Likelihoods
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