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Outline

« Operations & EYETS
« Performance in 2016 during pp and pPb data taking
* Preparation of 2017 data taking

- Physics
A selection of new published results since last LHCC, including
- Rare b-hadron decays
- Spectroscopy
« CP violation
 Fixed target and heavy ion physics

» Upgrade

- Status and plans

- Expression of Interest for a Phase-Il upgrade



LHCD Integrated Recorded Luminosity in pp, 2010-2016

I:i rS-t -th i n S -ﬁ rS-t H o 2016 (6.5 TeV): 1.67 /fb 2012
g 2 ....... 2015 (6‘5 Tev): 0.32 lfb ..........................E ....................................... é, ................................
18F— . e 2012 (4.0 TeV): 2.08 /fb ....................................... ol —
. o 20m1@35Tevprus | o A
2016 ..............................

 Thanks a lot to the LHC for the
great performance !!
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Integrated Recorded Luminosity (1/fb)

- Not only pp, but also successful fixed
target (SMOG) and pPb, PbPb program
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« LHCD strategy: luminosity leveled at
~4x10%cm™@ s (u = 1.1) Month ofyear

X _ LHCD Integrated Luminosity@Pb-p i@
mp LHCb benefite from maximum number -
of colliding buncheg '

L4 Delivered Lumi: 34.09 /nb

¢ Recorded Lumi: 32.31 /nb

40

44444444 ~13 nb~1 in ppp | e

=) | HCh benefite from maximum beam/interfil
ratio (i.e. long fille)

30

Integrated Luminosity (1/nb)

20

llllllllllllllllllllIIIII

- 2017: less pp physics days, but more 10
colliding bunches

=) Expected lumi harvest in LG Fil Namber

] 2017 gimilar to 2016



Detectors - 2016 and EYETS program

- 2016: only 'standard’ minor regular maintenance, radiation tolerance as expected
EYETS Schedule '

Time window to complete -1 E YE TS
LHCDb detector EYETS program _
™ o “Standard” maintenance of all detectors and
° OV SHUTDOWN service, typically to fix a few channels or

Cranes revamping

PZ85 lift exchange replace broken electronics. Requires to

> open Large Detectors (M1, CALOQO, ...)
Preparatory work > \/enting of the Beam Pipe

@ > Survey
— LHCDb closed ) >

VAC chamberpume down « “Exceptional” work

ol = [ BAE | > COz2 transfer lines
installation (for upgrade)

> Repair Silicon Tracker
broken bonds

> Herschel scintillators
replacement

> RICH1&2 HPD exchange

LHCDb detector will be ready and in very good
shape to resume operation in April 2017.




From the detector to
the papers
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Search or Article ID

arXiv.org > hep-ex > arXiv:1701.05116
(Help | Advanced search)

High Energy Physics - Experiment Download:
PPN « PDF

Study of J/y production in jets + oher formats

LHCb collaboration: R. Aaij, B. Adeva, M. Adinolfi, Z. Ajaltouni, S. Akar, J. Albrecht, F. Alessio, M. Alexander, S. Ali, G. Alkhazov, P.

Alvarez Cartelle, A.A. Alves Jr, S. Amato, S. Amerio, Y. Amhis, L. An, L. Anderlini, G. Andreassi, M. Andreotti, J.E. Andrews, R.B. Current browse context:

Appleby, F. Archilli, P. d'Argent, J. Arnau Romeu, A. Artamonov, M. Artuso, E. Aslanides, G. Auriemma, M. Baalouch, I. Babuschkin, hep-ex

< prev | next >

S. Bachmann, J.J. Back, A. Badalov, C. Baesso, S. Baker, V. Balagura, W. Baldini, A. Baranov, RJ. Barlow, C. Barschel, S. Barsuk, W.
new | recent | 1701

Barter, F. Baryshnikov, M. Baszczyk, V. Batozskaya, B. Batsukh, V. Battista, A. Bay, L. Beaucourt, J. Beddow, F. Bedeschi, I. Bediaga,
A. Beiter, L.J. Bel, V. Bellee, N. Belloli, K. Belous, I. Belyaev, E. Ben-Haim, G. Bencivenni, S. Benson, S. Beranek, A. Berezhnoy, et al.
(715 additional authors not shown)

(Submitted on 18 Jan 2017)

References & Citations

o INSPIRE HEP
(refers to | cited by)
o NASA ADS
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The production of J/y mesons in jets is studied in the forward region of proton-proton collisions using data collected with the LHCb
detector at a center-of-mass energy of 13 TeV. The fraction of the jet transverse momentum carried by the J/y meson, z = pr(J/y)/pr(jet),
is measured using jets with pr(jet) > 20 GeV in the pseudorapidity range 2.5 < 7(jet) < 4.0. The observed z distribution for J/yr mesons
produced in b-hadron decays is consistent with expectations. However, the results for prompt J/y production do not agree with predictions
based on fixed-order non-relativistic QCD. This is the first measurement of the pr fraction carried by prompt J/yy mesons in jets at any

w ARXIV:1701.05116  more in the following glides ...



https://arxiv.org/abs/1701.05116

Oreparation for 2017
Trigger, Alignment and Calibration in progress

100

Q\\’S o LHCb trigger
- Split HLT: write HLT1 output to disk buffer, and _ MD

then perform best reconstruction in HLT2 60

=) Optimize dynamically HLT1 and HLT2
processing to maximize the efficiency and

phySiCS output %5 20 25 30 35 40 45
Week in 2016

40 -

Disk usage [%]
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- New monitoring for HLT and Alignment and Calibration: more flexible and inclusive

LHCb VELO L eation tim '
: ¢ Alignmen and Cajiy

Preliminary

- Towards an even smoother operation:
possibility to update more constants in real-time

Variation [um]

- Keep improving the system: performance studies,
and feasibility of introducing new features

&\\Q‘{\ Alignment number [a.u.]
\ °_~Centralized production of samples for calorimeter calibration and tracking efficiency

- New online monitoring for shifters and Simulation DQ, more maintainable and easier to

use
6



~YETS software activities

» Several software upgrades ongoing on the online farm
* Re-stripping of the data ongoing

« Optimal online farm usage for MC production (+ usual grid)
~850 million events saved on disk
Normalized CPU usage by Country

19 Weeks from Week 39 of 2016 to Week 07 of 2017
Removed limitation of a total _Farm
1.400 of 40k concurrent jobs: full maintenance
Introduced exploitation of the farm
1200 farm for MC 1

production | ¢5rm fully for MC production '
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ata taking /

400

N

200

"
f V \,
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2016-10-14 2016-10-28 2016-11-11 2016-11-25 2016-12-09 2016-12-23 2017-01-06 2017-01-20 2017-02-03

Max: 1,426, Min: 27.3, Average: 684, Current: 27.3

B LHCB 28.2% @ RU 59% M@ ES 24% [O suU 0.2%
O UK 18.6% W DE 54% W US 10% MW BG 0.1%
3 CH 10.0% @ PL 53% @ BR 08% M IL 0.0%
Bl NL 70% @ IT 40% O RO 0.5% @O MULTIPLE 0.0%
H FR 6.8% M CERN 3.4% @ ORG 0.2%

Farm mainly used for MC
production + farm

] / activities (e.g. sw upgrade)
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- Aim: study the radiation produced in
association with quarkonium states (e.qg.
J/P in jets), different theory predictions
available (NRQCD, analytic resummation)

Measure z(J/vY) = pr(J/¢)/pr(jet) for
J/P promptly produced and produced in

b-hadron decays

To access the full z range: need to place
no requirements on pr(J/)

m) (urbo: save only objecte  #v -+ =
selected by the trigger Do
Need to reconstruct jets offline »

=) Turbo++: aleo gave
all required
recongtructed objects

firgt
lrbo++ baper, 2016 g,
4

Real-time analysis: J/Y production in jets

ARXIV:1701.05116
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https://arxiv.org/abs/1701.05116

firgt
lrbo++ baper, 2016 g,
4

Real-time analysis: J/Y production in jets

ARXIV:1701.05116

- sample: 2016 pp-collision data, = F LHCb 20 < p_(jet) <30 GeV -
fiducial kinematic region applied o 10¢ WBBTCV 04 <z(J/y) <05
- e Data
. . . 3L . _
- Observed z-distribution for prompt J/{ § 107F — Toual Fit -
does not agree with fixed-order NRQCD 5 [ — Prompt J/y ]
implemented in PYTHIA 8 I A ;
1ok Background  ff|  TTa |
F | WrongPV ¢ ]
-10 -5 0 5 10
7 [ps]
o 03— —T——— T T 1 n 03 ] —————
g I .Data (syst) \{—LI_113(21]?V g Data (syst) \{_LI—II3CTbV
- . s = e . s = e
- - Pythia 8 Prompt - - i Pythia 8 b—=Jly
0.1 j — 0.1_— —
[ ] ﬁ I ]
b '_—0'7!72' 06 08 1 00E 02 04 06 08 =_1
zJ/y) z(J/y) 9



https://arxiv.org/abs/1701.05116

That was one of the 19 papers since last LHCC

Year of submission

2017

2016

2015

2014

2013

2012

2011

2010

Publications per year

* 365 papers
— 19 papers since last
LHCC week
— 9 papers in 2017

— 9 further papers being
processed within the
Editorial Board

0 20 40 60 80

Number of publications

Papers submitted per month

2010 2011 2012 2013 2014 2015 2016 2017

L gl s et
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Papers / month
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Since last LHCC

Observation of the suppressed decay Ag —pr utu

Study of the Dop amplitude in Ag — Dop;r_ decays

PAPER-2016-049

PAPER-2016-061

JHEP ARX|V:1701.08705

30 Jan 2017

JHEP ARXIV:1701.07873

26 Jan 2017

7 papers + 2 (just submitted )

5 conference reportg

Measurement of the BT production asymmetry and the CP
asymmetry in B* — J/wK* decays

Observation of the =" — J/wAK™ decay

PAPER-2016-054

PAPER-2016-053

PRD

PLB

19 Jan 2017

19 Jan 2017

Study of J/y production in jets

Measurement of CP asymmetries in

D7 = n'n* decays

Observation of Bf — Dk + decays

Search for the BY — #'¢ decay

Search for long-lived scalar particles in BY = K y(u*u™)

decays

Measurement of the J/y pair production cross-section in pp

collisions at 4/s = 13 TeV

Observation of Bf — JiyD™ K™ decays

Measurement of the phase difference between short- and
long-distance amplitudes in the BY — K*u*u™ decay

Measurement of the ratio of branching fractions and
difference in CP asymmetries of the decays B* — Jiyx™

and Bt - JlyK*

Measurement of the b-quark production cross-section in 7

and 13 TeV pp collisions

Search for CP violation in the phase space of
D’ 5 atn atn~

Observation of the decay £, — pK~ K~

decays

— 7z~ and

PAPER-2016-064

PAPER-2016-041

PAPER-2016-058

PAPER-2016-060

PAPER-2016-052

PAPER-2016-057

PAPER-2016-055

PAPER-2016-045

PAPER-2016-051

PAPER-2016-031

PAPER-2016-044

PAPER-2016-050

PRL ARXIV:1701.05116 183an 2017

PRL

JHEP

PRL

JHEP

PRD

EPIC

JHEP

Phys. Rev. Lett. 118 (2017)

052002

PLB

PHYS. REV. LETT.

118 071801(2017)

07 Jan 2017

07 Jan 2017

23 Dec 2016

22 Dec 2016

22 Dec 2016

22 Dec 2016

20 Dec 2016

19 Dec 2016

15 Dec 2016

09 Dec 2016

07 Dec 2016

Search for massive long-lived particles decaying
semileptonically in the LHCb detector

PAPER-2016-047

EPIC

03 Dec 2016

in pAr collisions at /sy N = 110 GeV

LHCB-CONF-2017-001

Measurement of time-dependent (P-violating asymmetries in _ _ _ 26 Jan 2017
B 5 2tz and B? - KK~ decays at LHCb LHCB CONF 2016-018

Measurement of (P asymmetry in BY - DfK* decays LHCB-CONF-2016-015 13 Jan 2017
First observation of a baryonic Bg decay CONF-2016-016 13 Jan 2017
Study of the decay BX¥ — DK™** with two-body D decays CONF-2016-014 21 Dec 2016

11


https://cds.cern.ch/record/2243039/files/LHCb-CONF-2016-018.pdf
https://cds.cern.ch/record/2242070/files/LHCb-CONF-2016-015.pdf
https://cds.cern.ch/record/2243292/files/pAr_ConfNote_v4.pdf
https://arxiv.org/abs/1612.02244
https://arxiv.org/abs/1701.08705
https://arxiv.org/abs/1701.07873
https://arxiv.org/abs/1701.05116

Observation of BY — u"n~ |, search of B — ,* -

Runl & Runll dataget

- Time integrated branching fractions SM
are predicted in the Standard Model
with small uncertainties — sensitive
to New Physics effects

B(BY — ptp™) = (3.65+£0.23) x 107
B(BY — utp™) = (1.06 £0.09) x 10~

« LHCb-CMS combined analysis o o anc LACD LRGN b —
Z —¢— Data
. 0 — 14 —— Signal and background
» Observation of the B — ,u+,u | S
- DTy

-« = Combinatorial background
----- Semi-leptonic background
— — Peaking background

............... [t

L N ] 1 J L .

+ Evidence of the BY — 171~
B(BO — ,LL+,LL_) = (391_%2) x 10710 o mu+ﬁ8|:?\§|)eV/Cz]
. ool : NATURE 522, 68-72 (04 JUNE 2015)
3.00 stat. significance compatibility with SM at 220 level

B(B) = utp™) = (2.8%5§) x 1077
6.20 significance obgerved
compatibility with SM at [ 20 level

)
T
l
T

T T
O 4

Candidates / (40 MeV/c?)
o

o N L (o2} (oo}
I|III|III|III

pm

 Further investigation needed 12


http://www.nature.com/nature/journal/v522/n7554/full/nature14474.html

LHCB-PAPER-2017-001

Observation of By — u"u~ , search of B — .~
Runl & Runll dataget

- Adding Runll dataset: £ =1.4fb! R T T B
. = 0,995:— <<<<<<<<<<<<<< ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ !!iiiii:iiii!i """"""

* Improvements of the analysis: L T
0.99 | T— T— iiii
- i : : : : : g i

* New multivariate classifier including 2 new S A R R R A

. . . . . 0.985 oo O R I . | -
Isolation variables = +50% background rejection © - BDT2013-Run‘ -

- = new BDT - Run 1 }
0.98— . . FRSRRLIIIIIILLEEE: R Y 2D

- Additional improvements ~20% due to new S
PID selection Y5 S P P IS P O SO O |

| l l l l I —' Totalll

LHCb Preliminary — = Be—utuw
0 4+ -

BDT > 0.5 === B=u'n

« Results

Candidates / ( 50 MeV/c?)
(\9)
)]

m) B(BY = ) =(2.840.6) x 107 e Combinatoral
observed with significance 7.80 20 . ok
15 XCIEY Ag—> puwwv,

Firgt obgervation from a single experiment

Compatible with the SM

m) B(BY = utu) <3.4x1071°@95% CL i A
8 no evidence, upper limit e IMeV/CH]

B:— Jiy u* v,

l]lllllll:'llllllll |IIII!III !IIII!I



https://indico.cern.ch/event/580619/attachments/1409386/2160565/seminario2017_02_14.pdf

LHCB-PAPER-2017-001

Observation of B! — u"u~ and effective lifetime

Runl & Runll dataget

- In the SM only the heavy mass eigenstate of the BY — FS system decays to p™
but this doesn’t necessarily hold for NP scenarios — Effective lifetime clean NP

14

probe, even in the case the BR is close to SM prediction

K. De Bruyn et al. Phys.Rev.Lett. 109 (2012) 041801

. Pl =1,|S|=0,0p=0  ps=m/2
0'8 " <l
Relp I 0o - _ I’ _
0.6l 4 s=1pl
0.4}
0.2 ! Scaldar NP (CQ)'
Yp 2117-‘-/4 '
OO 1 \
—0.:2 , Non-scalar
0.4} | o) )
04 i NP/ <C10= CP )
—0.6 : '
—0.8 i ! mm |S], ws free; [Pl =1; op=0 |
10 j _SOP:,‘/T/Q =3 pp free; [S] =0;|P| =1+10% |
|P|=1,|5]=0 Excluded at 95% C.L.

06 08 L0 12

14 1.6 1.8 20 22 24

R = BRexp(Bs — p' ™) /BRsm(Bs — pp™)

_l’_ —
TB, 1+ QAZIC Ys + yg

12

=715 Al'./2
1+ AR s ]ys 5. AL/

- Effective lifetime: decay time of Bs
described with a single exponential function

2 F ]
(@F — -
< j 3 LHCb 3
§ ’ %_ Preliminary _%
2 Sk
E af i
5 3F E
= 2f E
M
& of 10 -
 Results Decay time [ps]
m) 7(B) — ptu”) =2.04+0.44 £ 0.05ps
Compatible with the AM

Still large uncertainty, but important proof of concept




LHCB-CONFEF-2016-11

Search for the rare decays B,y — 77~

Runl dataget

« FCNC as B?) — utu~ but less helicity-suppressed, SM predictions:

BB = r777) =(2.2240.19) x 107°®
B(BY = 7t77) = (7.734+0.49) x 10~ '

- Test of lepton flavor universality together with B?S) — utp”

Challenging: at least 2 neutrinos in the final state
. 1 leptons reconstructed as T S ataT 7T+_
number of signal candidates determined

from a fit to a multivariate classifier output
usina kinematic and toooloaical variables

- Exploit the p°(770) — 77~ to identify the signal,
use B = DT (K a7 ")D; (K~ K 7") as
normalization

- Results
Observed upper limit assuming signal fully dominated byBg
B(BY — 7777) < 2.4(3.0) x 1073 @90(95)% CL
Observed upper limit assuming signal fully dominated by B
B(BY — 7F77) < 1.0(1.3) x 1073 @90(95)% CL

factor 4 improvement wrt previous BaBar result

Candidates/(0.1)

=~ " |LHCb Simulation| | 30
1 = - la
1 n
|

b _;r - 20
: - ,

—_

Y

o

S
I

15

m,,,,. /(10 MeV/c?)
2

10

5

I B B R
20900 400 600 800 1000 1200 0

m,../(10 MeV/c?)
10* g
— LHCD Preliminary
10° -I_\_I—\_\_E:
10° E |
10 3 —
1 E
IIIIIIIII |IIII|IIII|IIII|IIIIIIII|IIII|IIIIIIII
5
o —— mmes | [ mmem
IIIIIIIIIIIIIIII | 1111 1111 | 1111 1111 1111 1111

070.1702705704705706 07708091
Neural network output
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https://cds.cern.ch/record/2220757/files/LHCb-CONF-2016-011.pdf

Observation of A} — pr—pt ™

Runl dataget

ARXIV:1/01.08705

d
« Suppression not necessarily present in NP scenarios A7
 Further perspectives: together with the relevant form b
factors, the measurement of the BF(A, — pK~ ptp™)
would allow to determine |Via/Vis|
 Selection: BDT using kinematic, geometric and
proton PID variables
B(Ay = pr—ptu”) = -
= B(A} — Jypr)B(JyY — ppu”)x 30~ LHCD

N(Ap = pr—ptu”) e(A) — Jypr™)
N(Ap — Jyprn—) e(A) = pr—ptp~)
=1(6.94+1.94+1.1717) x 107°

o
-

[am—
-
|

3
L}

Candidates per 63 MeV/c?

Firet obgervation of b—d trangition

-
LY
~
-
L
L

in a baryonic decay, 5.50

16

5500

—— Data

— Signal and bkg

Part reco

6000 6500 7000

My / (MeV/c?)



https://arxiv.org/abs/1701.08705

PHYS. REV. LETT. 118 071801 (2017)

Observation of =, — pK~ K~

- Search for charmless b-baryon (=, and (2,)
decays (final state phh) that may be used in the
future to investigate CPV effects

 Normalization mode:

B - K"K K~

 Relative BF x fragmentation fractions obtained
from data yields and efficiencies from simulation

- Yield of 2, — pK~ K~ sufficient to be used as
normalization for the relative BF of =, — pK 7~

:b_ — P T

50490 +/ 250 evenfg

—
)
ja
o
o
I

Candidates / ( 10 MeV/c?)
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5200
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1 1 PRl R0 S

—— Data
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6000 6200
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https://arxiv.org/abs/1612.02244

ARXIV:1701.07873

Study of D in AY — D%~ decays

DO%p amplitude analysis:
. for future CPV analysis of A} — D"pK ~ (sensitive to CKM angle y though b — c¢(u)

interference like B—D%h decays)

. A7 spectroscopy
- DY9ph accessible also for = baryons: a way to study their properties

ek o N DN W
S WD o e O
oS O o o O

Candidates / (0.004 GeV)
S

.
LI
¢
[
{

—— A,(2880)"

— A(2940)
N
o NRy, (129

NR,, (1/2)
NR,, (3/2))

——= A,(2860)"

NR,,(1/ 2%)
Background

2
M(D’p) [GeV]

Runl dataget

Dy Moleeylq Candidaty

A.(2940)"

JY =3/2"
preferred golution

cost9p cos@

, —48.2 5.2
m = 2944.8732 + 0470 IMev ' = 27.77670 £ 0.9775,MeV

L A.(2860)T J"=3/2" o

v m = 28561729 £0.057 iMeV ' =67.67:%" + 1.4757 Me Vs

reqult +/- (atat) +/- (eyet) +/- (model)


https://arxiv.org/abs/1701.07873

Time dependent CP asymmetries

CD obgervableg
Sm(Amd(S)t)
FB_Q—>f(t) + FBQ—UC(t) B COSh(AFd(S)t/Q) —I—Slnh(AFd(S)t/Q)

FB_g—>f (t) — FBg’—>f () @:OS(Amd(S)t)

* Oscillatory term: sensitivity comes from flavor tagged decays only
* Requires: knowledge of mixing frequency Amy,) , flavor tagging, decay time resolufion

. T . > 0.4 0.14
identification of B pt‘OdUOflOﬂ flavor £ " LHCb Preliminary .
“Wooout £ 0.3 0.12— LHCb Simulation
- e € A B’—~Dr* i - }*
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» Hyperbolic term: sensitivity comes from all the events
* Requires: knowledge of width difference in B( ,System AL 44, lifetime acceptance 4



https://cds.cern.ch/record/2243039/files/LHCb-CONF-2016-018.pdf

LHCB-CONE-2016-018

Time dependent CP
asymmetry in B - 777~ and B® » KTK~

Runl dataget
- Time dependent CP observables are sensitive to CKM angle y and -23s

* Tree and penguin decay topologies contribute to B—hh

 Strategy to extract CPV parameters: fit to mass, decay time, per-event mistag
probability, per-event decay time error, simultaneously for 1, KK, Krt
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LHCB-CONE-2016-018

Time dependent CP
asymmetry in B - 777~ and B® » KTK~

Runl dataget
- Time dependent CP observables are sensitive to CKM angle y and -23s

* Tree and penguin decay topologies contribute to B—hh

 Strategy to extract CPV parameters: fit to mass, decay time, per-event mistag
probability, per-event decay time error, simultaneously for g, KK, Krt
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+ Begt St meagurement from a single experiment
* Firgt evidence of CPV in the decay and in the mixing/decay interference in B—~KK
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LHCB-CONE-2016-015

Time dependent CP asymmetry in BY — DFK™
Runl dataget
- Signal and background are statistically separated with a 3-dimensional fit to Bs

invariant mass, Ds invariant mass and log-likelihood difference between the kaon
and pion hypothesis for the companion (B—Drt for PID efficiency and data/MC diff)

- Decay-time fit to extract CP-sensitive parameters
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Heavy lons and Fixed Target ey e
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- Gas (Neon, Ar and He) can be injected inside the LHC
vacuum, in the VELO detector

"

« Used to determine the luminosity but since 2015 is used
to also collect physics data (LHCb operated in standard
configuration)

- Heavy-ion physics between SPS & RHIC energies towards
large rapidities

« Possible measurements that are important to better model
backgrounds for collider physics and can have great
Impact in astroparticle physics

Number of minimum bias events



2016 p-Pb and Pb-p run

« Charmonium and open charm baryons
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2016 p-Pb run

Significant samples of beauty meson & baryons down to pT = 0!
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LHCB-CONE-2017-001

Measurement of J/g and Dproduction in pAr

» proton-nucleus collisions at LHCb allow to study effects as parton shadowing (or anti-
shadowing) that may suppress (or enhance) the charmonium production, providing
information about cc pair production kinematics

—
o
o

LHCDb preliminary
\'s = 110 GeV pAr Data

+ ~18h pAr 2015 data taking Vsny = 110GeV,
~4 x 1022 protons on target
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« comparison of J/P and DOcross-sections
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* No strong dependence of the ratio of the cross sections is observed 26


https://cds.cern.ch/record/2243292/files/pAr_ConfNote_v4.pdf

Coming soon ...

« Lepton Flavor Universality tests
- R(D*) measurement exploiting hadronic t decays
- Combined R(D) and R(D*) analysis
* RUJ/Y)
o RK*
* New results in heavy flavor production and spectroscopy

- Mixing and CP violation in beauty and charm

* Fixed Target and Heavy lon physics

- antiproton production in pHe collisions
« DOproduction in pPb
- J/Y production in PbPb

27



Upgrade

- After LS2, detector read out at 40MHz, software trigger

 Novelties in the detector
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- After LS2, detector read out at 40MHz, software trigger

 Novelties in the detector
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Upgrade

The upgrade project is progressing at full speed.

An internal comprehensive review of the upgrade was recently held to optimize the

plans towards the installation, evaluate the risks, optimize schedule and discuss
strategies for critical items

A status report of the Computing Project (not under review at this time) was also

given, to monitor the preparation of the Computing TDR expected by the end of
2017

Mass production of key detector components is underway or about to be launched

Production workflows already well defined in most of the cases

Details of the installation phase are being worked out in strict collaboration with
the Technical Coordination team

« No sign of project will miss the date for being ready for installation.
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—Xpression of Interest for a Phase-Il upgrade

LHC Period of Maximum £ Cumulative
Run data taking [em™2s71] [ Ldt [fb]]

Current detector 1 & 2 2010-2012, 2015-2018 4 x 10%? 8 hyglcg re h
Phase-I Upgrade 3 & 4 2021-2023, 2026-2029 2 x 1033 50 N 4ac of O

\ :
Phase-11 Upgrade 5 —  2031-2033, 2035 — 2 x 10°1 300 ’9”'ﬁcanf I

I'ove .
Oerf‘Vab/QQ alreq et i flavor

CERN/LHCC 2017003 (/U OOMPIQ

UYL 08 Febraary 2017

Topics and observables Experimental reach Remarks
EW Penguins
e.q. 440k B' — K*utp & 70k A} — Ap'u; Phase-11 ECAL required for

Global tests in many b — sy’ p modes
with full set of precision observables; Phase-11 b — du"p = Run-1 b — sy’ u lepton universality tests,
lepton universality tests; b — dl™ 1™ studies sensitivity.

Photon polarisation
A% in BY 5 ¢y: BY —» K'ele ; Uncertainty on A = 0.02; Strongly dependent on
baryonic modes ~ 10k A',} » Ay, By — By, 2, — Qy performance of ECAL.

b — d 1y lepton-universality tests

Polarisation studies with B — D7 1, e.g. SM B = D'v v, 7 =y U1y Additional sensitivity expected
v [ ratios with BY, A} and B! modes & ~100k7 —a a'w (7%, from low-p tracking.

BY, B sutpu~

R=B(B" = pu'p )/B(B? - 'y ) Uncertainty on R = 20%

TRO syt -3 CP asymmetry Uncertainty on 70 _,,,+,- = (.03 ps

LFV 7 decays

T o ptpop v o ht o, Sensitive to v —» p' oy at 1079 Phase-1T1 ECAL valuable

T P for background suppression.

CKM tests

v with B- — DK , B + D! K etc. Uncertainty on « = (0.4° Additional sensitivity expected

¢, with BY —» JK'K, Jfatn Uncertainty on ¢, = 3 mrad in CP observables from Phase-11

¢ with B — ¢¢ Uncertainty on ¢3* =~ 8 mrad ECAL and low-p tracking.

AT, /Ty Uncertainty on AT, /Ty ~ 10 3 Approach SM value.

Semileptonic asymmetries af]'q Uncertainties on u;{]‘” ~ 101 Approach SM value for ufl.

| Vinl /| V| with AY, BY and B! modes e.q. 120k Bl = D' v, Significant gains achievable from
Opportunltles in flavour thSiCS, thinning or removing RF-foil.
and beyond, in the HL-LHC era Charm

CP-violation studies with DY — ht b, eg. 4x10° DY 5 KYK—; Acoess CP violation at SM values.

Expression of lnterest D" < Klnta~ and DY - K¥ataty Uncertainty on Ap ~ 1077
Strange
Rare decay searches Sensitive to KY — p'p at 1017 Additional sensitivity possible with

C E R N - LH C C _2 O 1 7 - O 03 downstream trigger enhancements.



https://cds.cern.ch/record/2244311?ln=en

—Xpression of Interest for a Phase-Il upgrade

EXamp/e

 After Phase-ll, ~0.4° (conservative

extrapolation)

1=

0.6 [ 1Vu/Vesl+y with 3004b™ LHCb

0.2

+ |Vub| determination using
semileptonic b-hadron decays

Precision tests of the CKM paradigm

i v UTfit average 2017
[ IVw/Vel UTfit average 2017
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| | 11
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Q of :
Physla@ OPPO'“funif,@ ’
+ R=B(B® = p"u™)/B(B = p ™)

by end or Run 4, assuming SM prediction,
40% precision on R

After Phase-Il, better than 20% precision on R

Additional observables: effective lifetime 30fs
precision level and CP-violating observables

Important to identify NP, if NP effects
observed
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—xpression of Interest for a Phase-Ill upgrade

- Machine input: studies underway to evaluate the beam-beam effects and the value
of 3* that could be reached

* New detector components are needed

Side View Tungsten
Magnet & NeﬁgAL
Magnet Stations  g¢ifi TORCH  spieiding
&Silicon , o RICHZ

L1

H—1

Phase-II Upgrade

- Fast timing, radiation hardness, finer granularity

New calorimeter system: HCAL not needed, ECAL with new technology
* Low momentum tracking

- Possible preparatory work during LS3, e.g. replace innermost part of ECAL with
new technology 33



Conclusions

Operations & EYETS
« Excellent performance during pp and pPb programs

- Automation makes detector easier to run and allows for broad physics programme
 “Standard” maintenance and further improvements on the way

Physics
- +19 papers + 5 conference notes + several other papers being processed
* First results with 2016 data
- Many new results/updates with full Run-I dataset
- Heavy lon and Fixed Target program now started deploying the full potential

Upgrade
* On track, approaching the installation phase

Expression of Interest for a Phase-Il upgrade
- Impressive physics opportunities, studies on going

34



Thanks
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Observation of BY — u"n~ |, search of B — ,* -

Runl & Runll dataget
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+ ATLAS [EPJ C76 (2016) 9, 513] LHC Seminar 14.02.2017., EArchill



http://www.nature.com/nature/journal/v522/n7554/full/nature14474.html
https://indico.cern.ch/event/580619/attachments/1409386/2160565/seminario2017_02_14.pdf

Turbo and

Turbo++

Turbo candioate

PV D*+
&

Do
K+

T

- Saves only objects selected by the
trigger

T
—

« QOutput limited to a standard set of
variables

)

New features:

Turbo+ + candidate

Tracks from

thers Pve Other tracks

from trigger PV

Allows other reconstructed objects from the
event to be saved, in addition to those
selected by the trigger

Allows to create and save new variables
(i.e. hits in a cone region around the track)

« Aim: according to the physics channel and desired measurement, choose how much
(and which variables) of the event need to be saved

Even more analyses can be done on the trigger output

Out of the 420 HLT2 lines in 2016 physics programme, 150 choose Turbo, ~60 new lines wrt 2015



LHC in 2017

- Number of 13 TeV pp physics days expected to slightly
reduce from 146 in 2016 to 134 in 2017

« Number of colliding bunches in LHCb expected to
slightly increase from 2036 in 2016 to 2308 in 2017

* Net expected lumi harvest in 2017 similar to 2016

* "Detuning” scheme of LHC will have marginal impact on LHCb operations.

Luminous region Z position, mm

1782 14:00
BCID UTC time

Study on MD 18 Oct 2016

> 2 populations of z positions: probably OK,
preference for time modulation <~100ps

> Smearing tracker drift time ~0.1ns: OK
(time-per-track resolution of 0.55ns) 38



