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% LHCb detector

forward arm spectrometer for precision measurements (2<n<5)

/ //

Momentum & Vertices
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[Int. J. Mod. Phys. A30 (2015)1530022]

good vertex and impact
parameter resolution
(o(IP)=15 £29/p_ pm)

excellent momentum
resolution
(o(mg ) ~ 25 MeV/c? for 2-body

decays)

excellent particle ID (u ID 97%
for (Tt — p) misID of 1-3%)
stable running conditions
constant p

trigger on small p, and low
mass objects

real time analysis

alignment and calibration fully
automated
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% LHCb dataset

b)

Integrated Recorded Luminosity (1/f

2.3 5 TeV): 2.19 /b
iglii_:e.s: 'felf;: 1.71 b+ 0.10 /b , 201 8 201 2
2.1 . 2016 (6.5 TeV): 1.67 fib i
2015 (6.5 TeV): 0.33 /ib
1.8 o 2012(40Tev): 208/
2011 (3.5 TeV): 1.11 /ib
1.6 2010 (3.5 TeV): 0.04 b
1.4 Sv =82 TeV Sy =5.0 TeV
11 ® — «— —
0.9 Collider mode
0.7 _ ; p Pb Pb Pb
0'5 SSor =110 GeV sy =69 GeV
Bl i 2015 A Py
0.2 /)’ _I/ Fixed target mode p ?;s,
J— M (He,Ne, Ar...) Pb Gas (Ne, Ar)
Rhar "~ May Ju  Sep ~ Nov
Month of year
LHCDb has recorded about 9 fb* of pp collisions
-1
1fb_1@7TeV _Run 1 | B
2fb* @ 8TeV plus various datasets of proton-lead, lead-lead collisions
1 .
6 fb* @ 13 TeV —Run 2 as well as fixed target datasets: pNe, pHe, pAr, PbAr

— LHCb a multipurpose detector in the forward region
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Charming results

rare decays

spectroscopy

heavy ion
fixed target

upgrade

* Observation of CP violation in charm [Phys. Rev. Lett. 122 (2019) 211803]
* Oscillations of charm mesons [Phys. Rev. Lett 122 (2019) 231802]
« A in D% —» K*K™, TT+TT" [LHCb-CONF-2019-001]
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History of CP violation

1964
1956 Strange particles:
Parity violation _ CP violation in K
T.D. Lee, meson decays
C.N.Yangand 7% J. W. Cronin,
C.S.Wu et al. ] V. L. Fitch et al.

1963 1973

Cabibbo Mixing The CKM matrix [l

N. Cabibbo M. Kobayashi and & &
T. Maskawa

* charm contains an up-type quark
SM predicts it to be at 103 - 10 level
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2001

Beauty particles:
CP violation in B?
meson decays
BaBar and Belle
collaborations

2019

Charm particles:
CP violation in D°
meson decays
LHCDb collaboration

CPV in Kaons and B mesons is well established — both are down type quarks

LHC is a charm factory, with billions of charm decays in LHCb



% Observation of CP violation in charm
[Phys. Rev. Lett. 122 (2019) 211803]

charm decays allow CP violation to be probed in the up-sector
— complementary to studies in K and B systems

expected to be very small in the SM (103 - 10 level),
but theory predictions are not very precise (large long distance effects)

time dependent CP asymmetries
L(D"(t)> f)-T(D"(t)

Aesl 1) v
D>+ )

o

sensitive to

« direct CP-violation (a_,"")

« indirect CP-violation (a_,"")

2 — 2

0 0

— f‘ + == ‘
(CP-violation in mixing or in the 50 po 2 DO 50 2
interference between mixing and decay) — <jr + ¢ <
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% Observation of CP violation in charm

full Run 2 data 5.9 fb?

count how many D° and anti-D° decay into 1t*1t~ and K*K~
should be equal if matter = antimatter

experimentally: easier to measure (time integrated)
difference in CP asymmetry:

AAp=Ag K K')—Ag(x )

* many systematics cancel at first order

* initial flavour of D meson tagged by charge of 1t in
prompt decays (D** - D), and by the muon
charge in secondary production (B°— D°uX)
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Candidates / ( 2.8 MeV/c?)

Candidates / ( 2.8 MeV/c?)
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[Phys. Rev. Lett. 122 (2019) 211803]
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% Observation of CP violation in charm
[Phys. Rev. Lett. 122 (2019) 211803]

Run 2 result:
AA_,=(-18.2 £ 3.2 (stat) £ 0.9 (syst))10* m-tag

AA_,=(-9 £ 8 (stat) + 5 (syst))10* p-tag - @ s
L Spring 19

0.0075 Belle
’ CDF KK+rmr

LHCb SL KK+
LHCb prompt KK
LHCb prompt ==

compatible with previous LHCb result and

world average EEEPEC)

0£:9T ‘nylL ‘saIsAyd InonelH

wepewweAejewped ueuysuyyiueseld

0.0025 |
combination with Run 1 result %§ 0.0000
_ A, :
AA,=(-15.4 + 2.9)10* 0.0025
=0.0050 f

— 5.3 o difference from 0O

28Ny
. . . -0.0075 | £ o o
~ roughly compatible with SM predictions 8885
WA dominated by LHCb ~0.0100 | 278 i
o Contours contain 68%, 99.7
uncertainties of SM predictions larger —0.010—0.008—0.006—0.004—0.002 0.000 0.002 0.004 0.006
than data ind

acp

- new window opened to investigate matter-antimatter asymmetry
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% Oscillations of charm mesons in D°— K °mrmt

neutral flavoured mesons can oscillate between their particle and antiparticle states

[Phys. Rev. Lett 122 (2019) 231802]

— the physical mass eigenstates are linear combinations of the weak eigenstates
D1 2) = p|D°) £ q|D°)
with masses m, and m,and decay widths " +I",
mixing parameters x= (m -m,)c¥ ' and y=(-T)/ T (= +r)/2)
x determines the oscillation rate N : 250
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>
x is very small for charm mesons but x and CPV (5§ 2.5
can be enhanced by the presence of ~
new particles beyond the SM s

wepewweiejewped ueuysijyiueseld

CPV can occur in the mixing — oscillation rates
differ for mesons and antimesons

LHCb Run 1, decay: D°— Kt
yields: prompt 1.3M, secondary 1M candidates 0.5
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cbh . . |
%\I Oscillations of charm mesons in D°— K °mrmt
[Phys. Rev. Lett 122 (2019) 231802]

Lo S e e e e e e TR TR
2 1__ [ | Current world average LHCb __
model independent approach (bin-flip method) > 0.9 L +this measurement §i
. . . . 0.8 —
— most precise determination of CP averaged normalized - oo
- _ - - 0.7 =l 2
mass difference x=(m,-m.)c?/ I by a single experiment = S g
6F -
— -3 = T =
Xep =[2.721.6+0.4] x 10 ke 1 B ;’,
I 2 5
Yeop = [7.4£3.6 £1.1] x 107° 0.4 conoufolass o5 cL | el
_ o _ _ 02 0 02 04 06 08 1 W=
if CP symmetry in mixing and interference is conserved: EElon ] ig,
= . CPV parameters g
Xep =% Yep =Y , p ] , : : 3%
- BT I T I == oD
[ | Current world avdrage LHCb 923_
050 + this measuremgnt ]

X = (3.9.) x 107 [new world average

- new world average provides first evidence of mass
difference between the neutral charm mesons
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%Cl\?] Measurement of CPV parameter A_in D° - KK~ , Tt+11"
[LHCb-CONF-2019-001]

A; probes CPV in mixing and interference

t — = : . .
Aop(f,t)~ A(éi.fay — Ar(f)<—§f X E x?/ndf =22/19 LHCb preliminary
Tp = OF D'>K*K~
TE o —-iiﬂiﬁvl&—{»thﬁ +—4 &ﬂ’ s
SM predictions: = 3 x 10°° [arXiv:1812.07638] ﬂa—o.si— LI : S %
A_required input to measure CPV in OE , Je
0 2 4 6 Tl ¢ 5
decay from AA_, i, 2 %
— i [ - T T T T 5' %
measure time dependent CP asymmetry s F mdf = 18/19 LHCb preliminary i§
+ - — _ 05 0 - 2 5
A(K'K)=(13+35+07)10* & "F i ot Domx G 3
A(r 7)=(113x69+08)10""  E b Y :
combined with previous LHCD result 0 2 4 6

A (aa+KK)=(0.9%£2.1+0.7)10"*
AA=A(KK)-A.(mm)=(—8.6+50+05)10 "

analysis based on 2 fb* Run 2 data, still 4 fb! to be analysed, statisticallylimited
— need Upgrade Il to reach sensitivity of SM
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Precision in beauty — covered in more detail in Johannes’ talk

spectroscopy

heavy ion
fixed target

upgrade

- -_.;;,

* Combination of y measurements [LHCb-CONF-2018-002]

B, mixing phase ®_ [arXiv:1903.05530, arXiv:1906.08356]
« Phase ®**° inB_ —~ ¢ ¢ decays [LHCb-PAPER-2019-019]

* New measurement of R(K) [Phys. Rev. Lett. 122 (2019) 191801]
» Search for Lepton flavour violating decays [arXiv:1905.06614, LHCB-PAPER-2019-022]
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% Combination of y measurements [LHCb-CONF-2018-002]
[arXiv:1906.08927]

tension (20) between B* and B_° results

tension (20) between direct measurements and indirect constraints from UT
LHCb: new measurement in B® - DK™ (D - Km, KK, 1) [arXiv:1906.08927]

>
,J 1 : : : Contours contain the 68.3%, 95.5% and 99.7% C.L. 2 Q
A ] Z350F - 28
T LHCb 3. .} LHCb - 23
— 0.8+ B B decays Preliminary _| Em300‘_ . < P
I B* decays : 250i 49
06 I Combination — B =3
7 E =
— B =
0.4 — 1501 ©
............................................................................... 1005
0.2 : (
50
O ..................................................... 0:_1111111||1|||11|1M—|-*|||||1||11||11
0 50 100 150 20 40 60 80 100 120 140 160 180
14 [°] gl |
— +5.0 \o _ +4.6 \o
y=(74.0"%3) HFLAV y=(711"33)

from UT (CKM fitter) y=(65.8"12)°
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% B, mixing phase ®_from B_— J/{y KK and B_- J/ymmt [arXiv: 1903.05530]
[arXiv: 1906.08356]

measure the phase difference between the two processes ) ¢’dec
SM prediction ~ ®,=—36.8"%5 mrad (CKM Fitter) B, > {

highly sensitive to NP contributions
¢Hﬂx |30 "¢Hm:

LHCb uses two channels:
B, —J/Y KK and B_ - J/ymtmt

HFLAV

DO 8 fb! [ spring 2019 |
68% CL contours

(Alog £ = 1.15)

eAoOUBgOYD BYIUOISA

high yield, clean signature Ié 0.14
— very high precision measurements &
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flavour tagging from decay of other 0.12
b hadrons in the event CMS 19.7 fb!
analysis part of Run 2 (2 fb) 0.10

. . CDF 9.6 fb!
combined with Run 1

CDS = ('41 + 25) mrad 0.08 Copibined Cb4.9fb!
(still 4 fb not analysed)

0.06

HFLAV combination: 04 020 0 Tw0 0 0 o2 o4
®_=(-55* 21) mrad ¢, [rad]
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EPS 2019, July 16, 2019

Enhanced sensitivity to NP since decay is
dominated by penguin loop

SM prediction |® _5%|< 20 mrad
[arXiv:0810.0249 Phys.Rev.D80:114026,2009]

time dependent angular analysis, 2 fb Run 2

® s =-73+115+27 mrad

|A]I=-0.99 £ 0.05 + 0.01
(LHCb preliminary)

Katharina Miller

Candidates / 9 (MeV/c?)

%Cl\?] Measurement of CP violation in B, - ¢

[LHCb-PAPER-2019-019]
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ch | |
%\I Test of lepton flavour universality

test of LFU in various B decays with leptons in the final state

Charged current (Semileptonic decays) b-clv transition

tree-level decays b - clv, testing third generation
BR of few %, precise prediction in SM

™ __ =
BR(B»D TVT):0,25210.003(5M)

R(DY)= :

Neutral currents (Rare decays)

b - sl
forbidden at tree-level in the SM , - .
— FCNC only at loop level - BR 1077+ 10° o
B° RN K0
theoretically clean ,” o N
b e == ' - 3

. > ()
R(K")=BR(B K(*)"’”"):u 0(107%) +0(107?) -
BR(B>K"ee)

[EPJ C76 (2016) 8, 440]

neglect lepton mass QED [T

EPS 2019, July 16, 2019 Katharina Miller
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% Test of lepton universality: R, and R, [PRL 113, 151601 (2014)]
[JHEP 08 (2017) 055]

test the LFU in FCNC decays b - sl*I

oy BR(B>KYuu - -
Run 1 result: old results for R(K) and R(K*) R(KO)= ( R ):11 0(107%) +0(107?)
BR(B>Kee) —
neglect lepton mass QED
-o-LHCb -m-BaBar -a—Belle
M 2_ L L L UL B 2.0
o : LHCb 1 = [ JHEP08(2017)055 -
15 . 1 Tk
: | Wb
S SM g S— - S R
05F B 05 e LHCH 4 Belle
- PRL 113, 151601 (2014) ] m BaBar v Belle 2019
O-.,..|,...|....|....|..' 0.0 (T R N NN AN N TN TR NN NN NN MO N M N NN N B
0 5 10 15 20 0 5 10 15 20
¢* [GeV¥/c4] ¢ [GeV? /et
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New measurement of R(K
% (K) [Phys. Rev. Lett. 122 (2019) 191801]

ECAL

Magnet

new measurement re-analysing Run 1 data and adding ~2 fb* of Run 2 data

I

R ( K ) — BR ( B 9 K M M ) U[::tresm ,.-—’—‘—-.L - bn\':rjnsneam
BR(B>Kee) R m <
“F 28
0 o =
Air S
- : T4
electrons are difficult to measure at LHCDb: trigger, Bremsstrahlung ... 2 2
Muons : Electrons 52
=25 . 10 T 25 S s
—~ R LHCb B
% " 520 N
8 20 10 G, W
—_ e o
& S [
15 10° 15§
10 102 10§
S5E8 10 5
0 ' g . + 3 1 77_7_ i
50 52 54 56 58 60 4l 48 sl 5456 58 610
m(K*ut ) [GeV/c?] m(K*ete”) [GeV/c?]
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ch
%\I New measurement of R(K)

Reduce systematic effects: normalise to B- KJ/yp
~ measure double ratio R(K)= BR(B->K ) BR(B2>K J/y(2ee))

" BR(B>Kee) BR(B>KJ/yp(»>uu))

[Phys. Rev. Lett. 122 (2019) 191801]

& 350F - D=
i LHCb % LHCb 2B
> 300F 4+ Data > 100 — Data 2=
p= 2 — Total fit > — Total fit 5@
Signal e T T T Total Ry = 1 S SOMCHNNLY 00 Total Ry = 1 =5 2
w200F  FE 0 e B '— K utu- e Qe B R B*— K*etem E %
1. 1<q2<6 GeV? % i E_ Combinatorial I3 60 Bl B — J/y(e'e )kt =
.E 2 s e B Part. Reco. "_n
S 100F 'é Combinatorial =
O E < =
50F O 20 . N
E 3 W
0 _______ e T——— o 0 ! . i Seal £ i . poL MERe o
520(3) 5300 5400 5500 5600 5200 5500 6000
x10 x10
—~ 220F ~ 100
L 200F LHCb L 9o LHCb
% 180 — Data > 4+ Data
= 160 E — Tgtal fit - - = 80 — Tgtal fit o
. . E . 1Y o B"—= J/y(u u)K g0 -~ - il B™— J/y(ee)
Normalisation T 140F B lWywu)r| ! B> J/ y(ete )t
= 120E Combinatorial g @ Part. Reco.
& 100 E @ 50 Combinatorial
S onf = 40
sy =
S 60F < 30
S sof 8 20
40 O
20 10
0 Goseck TR | s 4 0 N L L "
5200 5300 5400 5500 5600 5200 5400 5600
m,, (K Tutu-) [MeV/c?) my, (K *ete~) [MeV/c?]
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ch
%\I New measurement of R(K)

[Phys. Rev. Lett. 122 (2019) 191801]

R(K)=0.846" y, (stat " o5 (syst)

compatible with the SM at 2.5 ¢
— better precision but central value closer to the SM

<
—t
&
.
7
o}
<
&
o
<.

|
QD
S
< 2.0 &)
—~ need more data: inclusion of 2017+2018 & - I.HCb §
data will double the statistics - B
1.5 1 =
: 3
other measurements in preparation: Lok T :
R(pK), R(K*) and other decay channels ' .:_ E I '
_ I = BaBar
0.5 B + Belle
e LHCb Run 1 +2015 + 2016
On PRI ST N S S T S NN TR S TR S NS T S S N T T
0 5 10 15 20

g [GeV?/ 4]
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C : : -
% Search for Lepton flavour violating decays [arXiv:1905.06614]
[LHCB-PAPER-2019-022]

0 T 1T rai 025 T T T T T

B " T'H7 [arXiv:1905.06614] § LHCb ]

BR in SM highly suppressed: ~10-** 8 02F — B Gatratvit =

can be strongly enhanced in NP models: = f simulation -

Up to 0(10'8 —10° ) g 0.15:— Same-sign data —E %ﬂ) §
© C ] c o

B(B,~ TH)=3.4 10°@ 90% CL (firstlimits) > "'} 1 BB

B(B°~ Tu)=1.2 105 @ 90% CL (best limits) .2 0osf- 1 BEH
RN\ RN -
e % 3 4 5 6 7 B

My[GeVict] |5
B* —» K*U*€¥ [LHCB-PAPER-2019-022] EE | | : T @
NP models including leptoquarks, extended @) LHCD 1

Preliminary

gauge boson models or CP violation in the 0.8}

neutrino sector predict branching fractions 0.6 -
108 - 1070 '

search in full Run 1 dataset, no signal observed 0.4 # .
B(B*- K'pye*)=7.0 10° @ 90% CL 02 .
B(B*- K'y*e)=7.1 10° @ 90% CL 0§ IR —r """'gédo""
- limits improved by more than one order of magnitude Br(B'— K'wet)
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% Beauty in Spectroscopy

spectroscopy

heavy ion

fixed target

* Doubly charm baryons [Phys. Rev. Lett. 121 162002 (2018)], [PRL 121 (2018) 052002]
* Observation of a new state in DD mass spectrum [JHEP 07 (2019) 035]

« New resonances in the A° TT*TT” spectrum [LHCb-PAPER-2019-025]

* Observation of new pentaquark states [Phys. Rev. Lett. 122 (2019) 222001]

EPS 2019, July 16, 2019 Katharina Mdiller



ch
%\I Doubly charmed baryons

ground states: =_**(ccu), =_* (ccd) and Q_* (ccs)

only =_**discovered so far, search ongoing for =_*and Q_*

first observed by LHCb in decay: =_** - = *m* final state A*_ K™ 1" 1" [Phys. Rev. Lett. 121 162002 (2018)]

[Phys. Rev. Lett. 121 162002 (2018)]
[PRL 121 (2018) 052002]

m( =) = 3621. 40 + 0. 72(stat) % 0. 27 (syst) + 0. 14 (A*) MeVi/c?

u u
=t+ =+
=2 ‘)=

C S

Wbacg},ﬁ

weakly decaying: t( =_*"*)= 0. 256+0.024 —0.022(stat) = 0. 014(syst) ps [PRL 121 (2018) 052002]
no signal found for: =_* - D" (- K™1t*mt*) pK'Tt* [arXiv:1905.02421]

N T I

LHCb

é') 140 ;_ —+ Data

120 :_ — Total

1 1 b

313+33

o | |

35
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C . .
% Observation of a new state in DD mass spectrum

Candidates/ (0.5 MeV/c?)

Candidates/ (0.5 MeV/c?)

EPS 2019,

full Run1+Run2 dataset

— new narrow state observed in the invariant

mass spectra of D°D°and D*D-

1200 ———— L A L B B B
1000:_ D°D° Zmﬁ;??g)) ----- Eclx(til LHCb —:
- # NN ., (3872) .
800 . —
600~ | ”‘*’MWMMW& b At WW»I’"M&WN@
4003— 'f\ —f
| -'H ]
200 |\ -
=\ N | | o
600 DD~ 3
S00F- M % E
400F- HI' I H‘Wygmmwﬁ **%M'WWH } =
S |t [ h
300 *ﬁ{n i %Wn Wﬁ;
2006 f =
A -
372 374 376 378 38 382 384 386
mpp (GeV/c?]

July 16, 2019 Katharina Mdiller

[JHEP 07 (2019) 035]

=~ 4-2 T T
= L ]
: . ]
(@] 4— X‘ 2(0JdO ) —
~w F h(P) P3(1D) ]
5 3.8:— DD X;n(iié'i(i()g 777777777 rlii((ei%):s)—:
F—es) 370
3.6? "'I«(ZS) Xc‘_)(ll)) i
B 11,_.(1{) N
r 1 -
3.4F — P -
3.2 -
C Jb .
2.8: ! ! .
S P D
My 540,= 3842.71 + 0.16 + 0.12 MeV/c?
= + +
Masen = 2.79 £0.51 £ 0.35 MeV

narrow width - likely to be ,(1°D,) J°¢ = 3"

— first observation of a spin-3 charmonium
state

In addition: first observation of prompt
hadroproduction of x_,(3930) and y(3770)
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ch .
%\I New resonances in the A° T*Tt” spectrum
[LHCb-PAPER-2019-025]

Full Runl1+Run2 dataset
— two new resonances in A° 1Tt spectrum

400

° hlgh mass State E X, region LHCb preliminary g
.. ) . 300~ i - Q 2
decays via intermediate ¥, and %, J\ 1 e
200 = =
« low-mass state: decays I, suppressed. i+++++++++++ﬁ-+-{:- S Be
100 - = 0 Q
mass and mass-splitting are in very good - :' \ ] § %
agreement with expectation for A, (1D)-doublet E o e N 1 B
_af + i B
m(/\b(6152)): -HCb prefiminary ;?; 4003— + Hﬂ+-t"_‘+_- _T-l:+_-|r_++++++++++++1—++ﬁ+++++++++++é “g
6152.51 + 0.26 + 0.22 + 0.16 MeV s BT 1 H
— :‘: _ T u O
M(/\b(6146))_ i NR region ]
6146.15 £ 0.33 £ 0.22 + 0.16 MeV '”“”:_ e
[(A, (6152)) = 2.11 + 0.81 + 0.32 MeV. It .
[(A, (6146)) = 2.90 £ 1.28 + 0.28 MeV F*. o

D+ [GeV]
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% Observation of new pentaquark states

first pentaquarks observed by LHCDb four years

[Phys. Rev. Lett. 115 (2015) 072001]

>
ago using A, - J/YKp Jioool- mdata My, al
0 @ total fit
+ + ~—'
- narrow P _(4450)", broader P_(4380) B soof. — Prckaround -
1K c =P (4450 3 S
uy i e o
b LR 600 -#-A(1405 @ 5
 —— S A(1520) qﬁt
large theoretical interest in understanding the -0~ A(1600) #

400 and other '.r

nature of the new states

tightly bound vs loosely bound molecular states 200
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C .
% Observation of new pentaquark states

Update with full Run 2 statistics, 246’000 candidates

[Phys. Rev. Lett. 122 (2019) 222001]

mass thresholds
400

+ =0 + 0
I:D tD
-~ new peak at P_(4312)"(7.30) < C : :
() L
= 1200 o
— broad P_(4450)* resolved as two narrow 5 [ —data i
_ N N o - — total fit =
- : Ro
states (5.40): P_(4440)* and P (4457) T1000F-__ background 2o
© | . D <
C . Q.
< - S
- S 800f- =}
minimal quark content duucc o) - s
= >
narrow and close to ¥ "D° and Z_*D*° ([duc][uc]) §’ 600f- g
- I
2
S
8

- extremely important result to shed light

on the nature of these exotic states 200

||||||ﬁr_7€

900 4250 4300 4350 4400 4450 4500 4550 4600
mp [MeV]
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Heavy ion and fixed target

spectroscopy

heavy ion
fixed target

upgrade

* b-hadron production in proton-lead collisions [Phys. Rev. D99 052011 (2019)]
* Charm production in fixed target collisions [PRL 122 (2019) 132002]

EPS 2019, July 16, 2019 Katharina Mdiller



C . -
% b-hadron production in proton-lead collisions

Production of B°, B* and A, in proton-lead
cm enery 8.16 TeV with exclusive decay modes

— first measurement of beauty hadron production at
p,< mass of the hadrons in the forward region

— input for fits of the nuclear PDFs
- fragmentation models in nuclear environment

[Phys. Rev. D99 052011 (2019)]

B*- DOmt*
o500 e B e e r
< 450F LHCb Pbp
>
© 400F |5y =8.16 TeV + Data
350 —Fit
00 — Signal
E 250 g Bpartial
= 200 g2 B Combinatorial
= 150 N5 -Dk*
g 100 ¢
O 50 + : :
5%00 5200 5400 5600

m(D' 1) [MeV/c?]

_?2:'|"'|"'|"'|"'|': {2-5_""
© 1.8 LHCH +B/8" pPb/Pbp 3 g [ LHCb
Re, 1.62_\/%:8.16%\/ +A,/B 2<pT<20GeV/c_; >

T T T T T T T T T T T T ]
+B%B* pPb,25<y<35
2F (san=8.16TeV 4 A,/B°

ok i

0.6 =
04f T B = ol 05F _g—f— -
0.2F 3 i i
0 F | i | | 0 L e
—4 -2 0 2 4 0 5 10 15 20
y P, [GeV/c]
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% Charm production in fixed target collisions

[PRL 122 (2019) 132002]

Unique opportunity for measurements in fixed target mode
first measurement of J/p and D° production in

7
pHe @86.6 GeV pA @110.4 GeV . . 22
- . ' c o
— sensitive to large Bjorken-x, up to x=0.37 for D° i , =
' < 2
d > 7 VY
D° good agreement in rapidity shapes — no evidence for W 2
significant contribution of valence-like intrinsic charm / o
‘ o
7 80¢ ' ' E R C LHCb | s,,, = 110.4 GeV pA | ] &
S 70E LHCb | s, = 86.6 GeV pHe 3 = . = \ Sy = 110.4 GeV pAr E S
S g o LHCh dua S Z F mmpAr CTINLOMICTEQIS .
E 28 = Bl pHe x 144 CTIANLOHICTEQIS  meeemey 7 081 HZP f o eTEQ —
-g_ E o pp x 144 CTI14NLO i, 3 > ~ —— Linear interpolation metesnmassnnnns ]
o 40 = > 0.6 T Logarithmic interpolation WF—?
€ 30g — _ ER = i 157 =
= 20 E - ]
—8 10 ;_= .................... : E 02 E_ _ _E
S 16 ' = 9 6E 3
: E Rt 2 ; R
5 Oé 5: i — e i ................. T e o :E B Oé r ............................................... ,,__________’_____,. __________________ :;
2 06F ' 3 2 06F 5
s 04 F . 3 S 04E =
) 1 0 ) 1
y* y*
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LHCDb is transforming

spectroscopy

heavy ion
fixed target

upgrade

EPS 2019, July 16, 2019

Katharina Miller
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% LHCb upgrade — upgrade |

Going on right now!
remove the hardware trigger — all detectors read out at 30 MHz

\ \
New tracking systems Calorimeters & Muons NN [CERN-LHCC 2014-001]
VELO, UT, SciFi N New readout \ N\ [CERN-LHCC 2014-016]
- iFi  RICH2 \ \ [CERN LHCC 2013-021]

[CERN-LHCC 2013-022]

‘ \/
.
Vertex /&

Locator /|

new optics and photodetectors

TAWEC] TAWE

— this will be a new detector at LHCb
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LHCDb upgrade — work in progress

remove old VELO

UT stave

dismantling muon station RICH test stand

EPS 2019, July 16, 2019 Katharina Mdiller

Event builder prototype
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% And looking further — upgrade Il

2022 2023

0.7

2021

Upgrade la

2024 2025 2026 2027 2028 2029 2030 2031

Run 4 Run 5

[ Upgrade || =»

LS3

Upgrade Ib

* Aim to collect > 300 fb* at L = 2x10%** , x10 with respect to Upgrade |

* Consolidate in LS3, major upgrade in LS4

* Expression of Interest issued in 2017, feasibility study [CERN-ACC-NOTE-2018-0038]

* Physics case document released [CERN-LHCC-2018-027]

Green light from LHCC to proceed to TDRs (expected ~late 2020)
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% Conclusion and outlook

Plenty of interesting results still coming from LHCb Runl-2

LHCb upgrade opens the door to many improvements in /
.. . . . HCAL
precision, so interesting times are ahead! GpECAL -
"‘;J , I\g\?g“et RICH2 M) M2 =, cha#np
/ B~ ~x T3 radiative ) CP e
gl kBS) >(pY Tl B Bsf t(PY"' AACP am%udeglsl(y}(s{s
lifetimesCPy/

= lifetimesr(p* e
BBS o Hgntia(iﬁarks s,B SR \':’SRV“R(K Cp\/@ﬁgp

i
etimes 7T
ArBS~>(pTT7Tndm K- photo I\b’ I\\lA*P\ PC \’c‘{?é’s‘g“g
B->7¥Tar’77T7plitbde_ % heavy- |onsR(Kh)cha,( ) Fietmes” D
\;E’Wserr#leptonmsa’YSlsBBS'7f:gvcharné";LMLmlpDhown%w
dark-photons y Cavy-ions R(K)
radlatlveg.p(—)d“q r\‘Zs/\b.>AVCha%ﬁ;R(m o
B->1r Pe“ o fons it} rm(D) S e \

M4 M5

LHCb has a bright future

* Tensions on lepton flavour universality
will be clear in a few years

Nb- >/\y Charm
radiatjy,
dark photons ﬁ(K)

AACP

i

* Sensitivity to NP in many interesting channels,
more will open with upgraded detector

* Precision measurements of SM parameters

* Heavy lon and fixed target physics programme
has much to add
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C . .
% Observation of a new state in DD mass spectrum
[arXiv: 1903.12240]

P 42_ T | ]
Full Run1l+Run2 dataset = i ]
o, 4 Xc2(593 —
New narrow state observed in the invariant mass z ¢ 1;5_55%3 tb;;(quL(SSQS) .
Spectra Of DODO and D+D- = 38; _____ DD .......... ll) (25) .................................. X'"“ .................... 1|) '__?;f(lD)?
3.6 ne(25) Xe2(1P) -
: 1;..(1}3 E
2000 r-r--~r-~ —+~ -rr-~ oot 3.4 L ;éll’ElP; ]
B ) o o ] E
% 1500(- \ — C o .
2 F '"W“'Q‘WMMWM.\MM ‘ . 3 ne(18) -
Z 1000 NP A At M - ]
3 - = 2.8 ' ‘
E 500 o i ‘;
E i M, 53030 =3921.9 = 0.6 £ 0.2 MeV/c
SERRRRARRE " ARSI | ] r =36.6 + 1.9 + 0.9 MeV
- DTD ] XC2(3930)
< 1000 =
= ok : . . .
= S00mwagmy | WWW ﬂ\w E — first observation of prompt hadroproduction
7 600 i — of X _,(3930)
3 - VAR g ] c2
= 400 P L OREEN g
S 200 j\ —
- L N A S L Vi e o SV WP NPT R .:
3.8 3.85 3.9 3.95 4 4.05 4.1 4.15
mpp [GeV/c?]
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% Tagging flavour of charmed meson
[Phys. Rev. Lett. 122 (2019) 211803]

. = X,l(.)3. ......... 22()()X1(.)3. —
two independent ways 9 ' LHCb ot
2 6000f 3 ~
> - > 1800F
< 50000 gl < 1600F
D* tag K~ — 40005 B -cx — 1400F
S g 7] Comb. bke ] S 1200 ") Comb. bke.
@ It
- i g ] 8 800F
D+ e Kt S 2000F = S 600F
- IP~0 Z 1000F . B 400p
PV T WiE e
Q005 2010 2015 2020 %005 2010 2015 2020
m(D°7) [MeV/c?] m(D°7) [MeV/c?]
Arteeed( 1) o Aop(f) + An(n) + 4p(D%), ~ MO ~ 160y
' Y 600F LHCb ] 7k C LHCb ]
B = g ] S 140}
_ _ K O 500F { Data (5} C
Semileptonic tag = "IN = 120
K+ & A0OF - K‘ﬂ*é = 100;
§ 3000 Comb. bkg.é § 80 ;
S 200k s
= g T 40f
(=) L =] C
PV S 100 & v i
Large IP 1850 1900 1800 1850 1900

0 > 0 2
) Ji=ls I?PH]‘J’-; o 14_-“"9({ + AD 'U-} + A_P B:} m(D ) [MCV/C ] m(D ) [MCV/C ]
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New combination of y measurements

[LHCh-CONF-2018-002]

Combination of many tree level determinations Lj I LHCb ]
. . — __ - Bg decays Preliminary __
Using frquentist treatment . — e 1
. 0.6 [ I Combination =]
B decay D decay Method Ref. Dataset Status since last com- B ]
bination [3] i 4
BY - DK™* D — hth- GLW [14] Run 1 & 2 Minor update T 68.3% i
Bt - DK™ D — hth™ ADS [15] Run1 As before - 1
Bt = DK+ D= htr—atm— GLW/ADS [15] Run 1 As before ban E
B - DK+ D — h*h=7° GLW/ADS [16] Run'l As before ok ]
BT - DK™ D — K°hth~ GGSZ [17]  Run1 As before % 50 150
Bt = DK+ D — KOhth~ GGSZ (18] Run 2 New I il
Bt - DK™* D — KKtn~ GLS [19] Run1 As before
Bt - D*K™ D — hth™ GLW [14] Run 1 & 2 Minor update
BT —» DK** D — hth™ GLW/ADS [20] Run 1 & 2 Updated results
Bt - DK** D— htr zntnr~  GLW/ADS [20] Runl& 2 New
BT - DK*nta~ D — hth™ GLW/ADS [21] Runl As before
B — DK*° D— K+tn™ ADS 22]  Run 1 As before e 110F ' ' ' ' ' :
B’ = DK*rn~ D — hth~ GLW-Dalitz [23] Run1 As before > 100 LHCDb 3
B — DK*° D — Kontn GGSZ 24] Runl As before - Preliminary .
BY - DFK* Di— hth~—nt D [25]  Run1 Updated results 90 F =
B D¥r* Dt Ktz—nt  TD [26] Run 1 New 20 E E
" Run 1 corresponds to an integrated luminosity of 3 fb~' taken at centre-of-mass energies of 7 and 8 TeV ( l }
. Run 2 corresponds to an integrated luminosity of 2 fb~' taken at a centre-of-mass energy of 13 TeV . 70| il
60 -
Run 2 measurements with 2 fb* (4 fb* yet to be included) ok E
y:(74.0155%)0 40E 1 1 1 ] ] .
' S B e N B o
S S SR
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Upgraded iLHCb Detector

5 To be UPGRADED
R/O Electronics To be kept

Detector Channels

Event Builder

«This is a new detector at ;z‘he LHC»

EPS 2019, July 16, 2019 Katharina Mdiller
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% Oscillations of charm mesons in D°%— KSOr['r[+
[Phys. Rev. Lett 122 (2019) 231802]

Model independent approach (bin-flip method)
Data is binned in Dalitz coordinates
binning scheme: approximately constant strong-phase difierences

measure the yield ratio R:;j between —b and b in bins of decay time

7 250

5 3F L L L B L I L oL 5 [ o
RO LHCb 1 % RO 3
> ] N> > B b =
O J 4 O o 7 .5
g 2.5 200 § Q 2.5: =
e SN - 6 el
S \ S - ©
2r 150 L 21 +b 2
n 5 C 5 Ie)
B o B i _‘8
: E : E &
1_ :'8 1__ 4
- 50 g - 1 12
i Q C ]
0.5F 0.5 ill
I T T TN ST N NN SN N TN S NN NN T W1 I I Lo | | oo oo by by
0.5 1 1.5 2 2.5 3 0.5 1 15 2 25 3

m2 [GeV?*/c4] m?2 [GeV?/c4]
Phys. Rev. D99 (2019) 012007, arXiv:1811.01032|
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ch .
VY Observation of new pentaguark states
[Phys. Rev. Lett. 122 (2019) 222001]

246’000 candidates
-~ new peak at P_(4312)"(7.30)

—_

o

o

o
|

5001 4

2 data
— total fit .
— polynomial + broad P,

Candidates/(2 MeV)

— broad P _(4450)" resolved as two narrow

states (5.40): P_(4440)" and P _(4457)* — polynomial

% [a]
=
[aY)

m>1.9 GeV 3
©

remove A* 2 .
§
23 .

Reweighted 3 '°

to enhance & FLair 3 T o™

signal 5 500k M
E ‘A |
= 4500 4300 4400 4500 4600 4300 4400 4500 4600

mJ/\yp [GeV] mJ/‘M.D [GGV]
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C . : .
% LHCb — a multipurpose detector in the forward region

* Indirect searches for New Physics at the multi-TeV scale
decays of beauty and charm hadron
CP violation

* Understanding the details of QCD
Heavy flavour production, pentaquark states,
double heavy states, top physics, jets ...

* Quark gluon plasma, cold nuclear effects in heavy ion collisions
Heavy flavour production in p-Pb collisions, fixed target collisions

EPS 2019, July 16, 2019 Katharina Mdiller
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ch
%‘I Doubly charmed baryons [arXiv:1905.02421]

Search for: =_* - D" (- Kmt'm*) pKmt*
BE{FI-DYpK—nt)
BEXT AT K—ntah)

no signal found - R = < 1.5x102@ 90% CL

DL AL B L L L L B B i
120F- LHCb 13 TeV {_ ! -

. ¢Data :
100 -Background Avm/if: .

Candidates /(5 MeV/c?)
5 2 8
R R A RS A

()
-

lllllllllllllllllll
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