LHCD

A rather informal speech on the LHCD
contribution to the T-Charm Factory Physics

Walter M. Bonivento
INFN Cagliari
on behalf of the LHCb collaboration

2009-2010 learning phase years

2011 Vs=7TeV  maxL=4*10%2  Int(L)=1fb""
2012 Vs=8TeV  maxL=4*1032 Int(L)=2fb-"
2015-2018 Vs=13TeV maxL=4*1032 Int(L)=6fb""

2020-2030(?) Vs=14TeV maxL=1-2*103  Int(L)=50fb""

o(ccbar) linear with Vs ; 6(Tau) also linked to o(c) (80% from Ds)



LNEN Outline

» Introduction to LHCb and its upgrade

* Charm Physics

* T Physics

« Some competitive X,Y,Z physics from B decays

Projections for mixing and CPV for the upgrade | leave to Mike’s talk on Thursday
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LHCD
Some news first G\

The LHCb experiment has recently increased significantly the number of
collaborators and collaborating institutes (you know why...)

Upgrade is well on track: framework TDR submitted in June 2012
— It defines cost, milestones and institutes scientific interest:
—->The LHCC endorsed the upgrade plans of the Collaboration

—>the CERN Research Board approved the upgrade of LHCb to be part of the long-
term exploitation of the LHC

approval given by some funding agencies (ltaly not yet, but almost ready to go to the
Scientific Committee), large part of the international funding reasonably guaranteed
— Some major detector choices to be made very soon (e.g. VELO, RICH)
— TDR’s of various subsystems to come during 2013
— production and QA in 2014-2017

Publications so far: above 100! but we have a huge potential to increase the yield, so
far mostly based on 2011 data
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< LHC startup, vs = 900 GeV

EDULE

Atlas, CMS LHCb

Vs=7~8 TeV, L=6x10*3 cm?s’!. bunch spacing 50 ns
L=4x10%? cm2s!

Go to design energy, nominal luminosity

~20-25 fb! ~2.5 fb’!

vs=13~14 TeV, L~1x10%* cm? s, bunch spacing 25 ns
L=4x10%? cm2s’!

~75-100fb7  ~6.5 fb!

< Injector and LHC Phase-1 upgrade to full design luminosity

Vvs=14 TeV, L~2x10%** cm? 57!, bunch spacing 25 ns
L~1-2x10%3 cm2s°!

- HL-LHC Phase-2 upgrade, IR, crab cavities?

Vvs=14 TeV, L=5x103* cm2 5!, luminosity levelling 3000 fb

L~1-2x10%3 cm2s°!

+ ~350 fb! ~19 fb"!

~57 fbo!

adapted from M. Nessi, Chamonix 2012

W.M.Bonivento - TCF@Elba 2013 4



LHCD
Gk Context \2

 LHCD is a multi-purpose experiment

 Charm and Tau Physics in LHCb are only a small part of the whole program which
includes

— b hadron decays

— b hadron spectroscopy

— quarkonia, X,Y and Z spectroscopy

— KO rare decays

— W and Z production in the forward region

— jet and associated EWB+jet production in the forward region

— search for (some) NP in the forward region (decaying with displaced vertexes,
such as Hidden Valley, H>1T1)

— pp interaction dynamics

« Still, in charm physics we are already able to make measurement which are world
best, at least when only charged tracks are involved in the decay

— but analyses with one 1° are starting to be attacked

« With Tau Physics it is tougher to compete: our main Tau source is Ds (we don’t have
the e+e- equivalent process!); so far only restricted to charged LFV decays with p in
final state
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INF/7 LHC b
(o The LHCD detector \
Muon RICH Vertex Locator
System Detectors - VELO

Point

20m T om ) dipole magnet

Calorimeters Tracking System

Pseudo-rapidity coverage - 1.9-4.9
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A typical event at 7 TeV!
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The LHCb running conditions
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LHCD

e The LHCDb upgraded detector

Calorimeter+Muon

RICH Remove M1, SPD, PS
New photon detectors New calorimeter FE electronics

Tracking
New silicon trackers
Reduce straw coverage +
a) fiber tracker
b) larger silicon tracker

Vertex Locator

a) New pixel detector
b) Improved strip detector
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2012
40 MHz

read out Pileup,
Calorimeter; Muon

Level O
pr of h,p,e,y

Custom electronics

| MHz

Full detector readout

High Level Trigger
Full event reconstruction:
tracking and vertexing

Pt and impact parameter cuts
inclusive/exclusive selections
CPU farm

to storage

4.5 kHz

Trigger upgrade

Upgrade
40 MHz

read out Pileup,
Calorimeter, Muon

Low level trigger
pr of h,y,e,y

Custom electronics

Full detector readout

High Level Trigger
Full event reconstruction:
tracking and vertexing

pr and impact parameter cuts
inclusive/exclusive selections
CPU farm

Fully flexible software trigger

to storage

20 kHz

£(L0)<10%
for hadronic charm
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for charm even
worse (it goes down)

—> increase hadronic prompt charm
€ by factors...(in the calculations we
assumed conservatively a factor 2)
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Open charm
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Lak

Seen from yesterday!

D°-D° mixing and CPV:

3% 0 B 2
v viviv|v| v

e Wrong-sign semileptonic D'(f)— K*lv
measures x?+y?, no DCS contamination

VIV V|V v | v e Wrong-sign hadronic D'(f)— K*n

measures x' = x cosd + y sind, y'=y cosé -x sind

V|V | v | ¥V e DecaystoCPeigenstates: D'(t)— KK, n'n
measures yep , Ax, A,

Dalitz plot analysis of D°(t)— K’n'n”
measures X, y

~
o

Dalitz plot analysis of D°— K*n n’
measures x", y"
v /e Dalitz plot analysis of D°— K’K*K"
measures yp (CLEO, Belle)
/ ® Quantum correl. in e'e"— y(3770) =D"D°(nn)
measures X2, y, Ry, cosé . siné

N N NN

A. J. Schwartz Workshop on Tau-Charm, Isola D’Elba  Belle II Physics Prospects 13

As always happened in the past,
people from the other experiments underestimate the LHCb potential!
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INEN Challenges and goodies:
C- two sources of charm

«  Two sources of charm: prompt and from semi-leptonic b decays

Both can be used for tagged DO CPV and mixing analyses:
— tag with soft m from D*+ for the prompt (efficiency about 30% due to 11 reconstruction)

— tag with p charge in SL

LHCD

Prompt charm at 7 TeV (at 8 is 15% more):
— o(ccbar) = 6mb, o(bbar) = 0.3mb, o(pp inelastic)=60mb
— = huge o(ccbar) cross section

» background from secondary charm from b already low from the start of the
selection

» and very favorable ratio to inelastic o (only a factor of 10!)

—> high purity selections with few and soft IP, displaced vertex and p; cuts
—> very large yields (the highest on the market)

need low threshold due to low D meson daughter p; and IP wrt B mesons

- tough requirements for trigger, tracking, online and offline reconstruction, both for
bandwidth and timing, and last but not least storage!

- LO efficiency low (max 10%) > main driver for the upgraded trigger

Secondary charm at 7 TeV:
— high trigger efficiency (muon)

— BR(b>DOuX)=7%

27/05/13 W.M.Bonivento - TCF@Elba 2013 13
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SPECIrOSCOPY
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Uf” Hunting for the production of excited s

and new particles

LHCD
s )

Basically: the art of combining charm hadrons with other particles promptly

produced and of understanding the resulting spectra
—> main issue reflections + background of course (purity, by miracle and ability

of the analysts, not much worse than b-factory) ;
also play with angular distributions to enhance natural/unnatural parity

On top of what we show here, other (2body) combinations under active study

27/05/13 W.M.Bonivento - TCF@Elba 2013 15



INFN

L Excited D.; mesons

l‘\‘rﬂb‘

JHEP 10, 151 (2012) )

Observe the same structures in both final states, plus some feed-through from
partially reconstructed Ds; — D* K decays

Simultaneous fit to smooth
background plus

D}(2573)" — spin 2
D (2700)* — spin 1
e D (2860)" — spin 07?

constraining the resonance
parameters to be the same in
both spectra

No evidence for states above

3 GeV
m(DZ,(2700)™)
['(D;,(2700)™)
m(D?;(2860)")
I'(D;,(2860)™)

Candidates / 5 MeV/c?

- @
3 8
o o
T Lo ™

g
o

T T T

Candi%ata /5 MeV/c?

o
T

3
D*K{ invariant mass [GeV/c?]

25 3
D°K" invariant mass [GeV/c?]

Candidates / 5 MeV/c?

LHCb ]
(d) ]

LHCb

Candidates / 5 MeV/c?

2709.2 + 1.9(stat) + 4.5 ) 2
115.8 + 7.3(stat) £ 12.1(syst) MeV/c?,
1+ 1.0(stat) + 6.: ) 2
69.9 + 3.2(stat) £ 6.6(syst) -’

2866.

D'K{ invariant mass [GeV/c?]

3
DK* invariant mass [GeV/c?]

syst) MeV/c”,
MeV/e?,

o
(
3(syst
( MeV/c*.

First observation of these states in inclusive hadronic production
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INF*™ . NEW LHCb-PAPER-2013-_02;_)_ -
(- Excited D, mesons

Exploit differences in 7w~ helicity angle distribution for natural/unnatural
spin-parity states to selectively enhance/suppress some of them in D*" 7™
spectrum to determine the needed signal components and initialize the final fit

Final fit to total sample includes smooth background and reflections  Preliminary
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z SR LHCb |z (1 LHCb 3 | .\ LHCb
51oooof Preliminary | gzoooo Prelimina—ryv 2 : ) Preli(r)niniry
ol : e ) s 0 e — ‘ L L
2200 2400 2600 2000 3000 T 2200 2400 2600 2800 3000 20 2:00 2800 2800
m(D ) [MeV) m(D"x’) [MeV] m(D=*) [MeV]
Final state Mass (MeV) Width (MeV) Yields Significance .
Derg— 24196 = 0.1 £ 0.7 3524+ 04 £09 210200 £ 1900 =+ 700 Conflrm the states Observed
D*x 24604+ 04 12| 432+ 12 30 81900 = 1200 + 900 by BaBaz
Dt~ 26492+ 35 £35 1402+ 171 + 18.6 50700 = 2200 + 2300 24.5 (15.9)
D*tx~ 2761.1 51 x6.5 744+ 34 =370 14400 = 1700 £ 1700 10.2 (6.0) .
D*tx— 25795+ 34 =55 | 1775+ 17.8 =+ 46.0 | 60300 = 3100 =+ 3400 | 18.8 (13.1) Resonance parameters in
Dty 27370+ 35 x11.2| 3.2+ 134 +25.0 7700 = 1100 =+ 1200 7.2 (4.7) reasonable agreement,
D*tx— 20718 =+ 8.7 188.1 + 448 9500 = 1100 9.0 (3.7) some discrepancy for
D¥x~ 24604+ 01 =0.1 456+ 04 1.1 675000 = 9000 + 1300 D,., 2650 0
Dtx— 2760.1 = 1.1 x3.7 44+ 34 =19.1 55800 = 1300 + 10000 | 17.3 (5.5) J( )
Dix— 3008.1 = 4.0 1105 + 11.5 17600 = 1100 21.2 (124)
Drt 2463.1 = 0.2 =06 486+ 13 =19 341600= 22000 + 2000
DOt 2717+ 1T +£38 | 66.7+ 6.6 +10.5 | 20100 = 2200 + 1000 | 18.8 (8.3) 2
D%+ | 3008.1 (fixed) 110.5 (fixed) 7600 = 1200 6.6 (5.1) Three new states at 3000 MeV/ =
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Decays: [.@.
searching fer NP
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Lo

A Direct CPV (i)

LHCD

Here we look at SCS decays assuming no CPV in CA decays: the reason is that
CPV comes from the interference between the tree and the AC=1 penguin (e.g.
chromo-magnetic dipole) diagram and this can only happen in the SCS decays

(Grossman)

either we compare binned Dalitz distributions (>2 body decays!!) or build AAp’s (for
all 2 body decays) to get rid of production/detection asymmetries

— either 2 SCS decays (hoping the asymmetry does not exactly cancels)
— or 1 SCS and one CF

DCS modes also potentially interesting (Bigi)

T-odd distributions is another possibility (T violation)

Quite a controversial subject in terms of NP reach: after some experimental
excitement that you know about, theorist realized that effects of few 10-3in the SM are
possible and in practice cannot be distinguished from NP

Effects at 102 level would be a clear sign of NP
We should check many channels at 103 level, both CP eigenstates and non CP
eigenstates

27/05/13 W.M.Bonivento - TCF@Elba 2013 19



B Direct CPV (ii)
AAp(KK/TTT) of DY from both B->1X and T BBwr
prompt 2011 done: a rather ... story (...=put CDF | ) |
your preferred adjective) 1
—~>bottom line : no CPV at the level that can Bele
be distinguished from the SM LHCD oo gz
| LH(?b (muon tagged)
World averageI "
we of course should clarify the situation (i.e. A T

understand the systematics) but if the ! 0 ey (%)
central value stays the same it becomes o
less interesting in itself for the search of NP Acp = (-0.33 £0.12)%

However for indirect CPV this looks as a ' SIC TRANSIT GLORIA MUNDI

very important systematics and needs to
be done at 0.1% precision

27/05/13 W.M.Bonivento - TCF@Elba 2013 20



INF/I-V) el Clz

(G Direct CPV(iii) m

Here we build a

AAcp with D*> @1 and D*->K°%1r and measure: (-0.04+0.1410.13)%
(systematics mainly due to difference up-down)
and for D,*>KOT we measure: (0.6+0.84+0.1)%

One big advantage w.r.t. the B factories: CPV due to K is negligible in LHCb due to the boost

Moreover we also measured :

"t: 1.08 -E
S 107 5
O 106 B é_
; 1.05 é
but the strong eI 2
A I (%bVC’};) Rsins phase varies a lot oo} 2
cp = |1 SN og. 3
VsV, across (1020)>may lead{ ™ | T
H H l 12 14 16 1.
define  Acrls =, (A4, + A%, - AL, — 4D,) =-(0.18+0.1740.18)%
27/05/13
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INFN : LHC [‘9
(ke Direct CPV: the other analyses (1) RRsISAVE

. D*>KOK*:

— this shares the same diagrams as D> KK exchanging the spectator quark g<->s and
therefore the same CPV
— Belle: (+0.08 £ 0.28 £ 0.14)%

— LHCb 3fb-1 underway

« Dalitz analysis D*->31 2011 underway
« Dalitz DO>KKmrmr and D241 2011 underway(D%>41r preliminary Moriond 2012)
« T-odd moments D°>KKrrmr going to be done for 2012+2011

« these two analysis are complementary since
— A=  sing cosd
— ACP, =sing sind with ¢ weak phase and & strong phase

27/05/13 W.M.Bonivento - TCF@Elba 2013 22



INFN . LHCD
(e Direct CPV: other measurements m
PhysRevD.84.112008
+ Compare yields in 330k D*—=K-K*rt+ in 35/pb
CP-conjugate b_lns - T e : . ——
S N; — aN; g,mz_m I » e ‘
“r \/Nz +a2N; ¢ | A T
g sooo.— 15
_ ]Ytotal - Jo\L Lo ]k |
Niotal 7 | .. (GoVHcY) ' . ‘

« Calculate p-value for

no-CPV hypothesis ~180k D**—=D°m, D=t in 1/fb
based on R T e
4 4000 — — £ 22F LHCb 3
2 . . ) E lér}:ltl’;m k-] fg: Preliminary + :
X —E:(SE’P)- 3 = g;g:j + 3
i § 20 “ uE 3
» Model independent. “wf |/ \ ﬂ
Many production and o= — G 4 P=99.8% -

N D" mass (MeV/c™ - -2 0 2 4

detection effects cancel. ’ S

LHCb-CONF-2012-019
27/05/13 W.M.Bonivento - TCF@Elba 2013 23
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INFN i o LHCD
(. Mixing and indirect CPV: 1 formulae pa
B . Ty T =2zpcosd +ypsind. now d=20+10° (don’t expect
Rt)=FRo+vVRoyt+ 4 3 Yp = yp cosd — Tpsind much improvement
mixing with WS from BES3
142 1+\2 , 1+ A, 1/4
R™(t) = RS+ +/R} ¥t + (=) + (™) t2 > = M (z' cos ¢ =y’ sin @)
for CPV ? i NS 1F Am
analysis R()=Fp+ /Ry y-e+ CILR L G iﬁﬂ)% (v/ cos ¢ F 2’ sin ¢)
M

P+T 1 1 1
Yep = % — 1= ncp [(1 — —A; ) YpCoS P — §(A,,,)xp sin (b] (IA/Af[* = 1 £ Ay)

8 m

. a - _ |Ag]? — | Ayl 1

I'-T 1 , ., adzr = =~ ——A
AF i ~ N Ncr |:_(Am + Ad)yD COSQ — Ipsin @] P |Af|2 + |Af| 2 ‘

T +T 2

+2 1__A‘ (Q>
~ 1T Am ¢=arg| — > =0

|q/p| ) p Dru = p|D°) +¢q|D")

CPV in the mi>'(—ihg 'CPV in the interference
between mixing and decay
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|, . . o JHCD
% Mixing and indirect CPV: on disk m
3
Sample Observable Sensitivity (1.0fb~") Sensitivity (2/5fb ")
Tagged KK Yop 5x 104 4% 104
Tagged 7m Yor 10 x 10°* 7% 10°*
Tagged KK Ar 7 Ix10* 4 %104
Tagged 7 Ar 10 x 104 7x 10
Tagged WS/RS K= T 10 x 1073 7 3x10°°
Tagged WS/RS K= Yh 20 x 104 120 x 10
Tagged K'mm Tp 5x 103 3x 103 ?eblzztjeteis!!
Tagged K7n Yp 3 x10°° 2x 1073 30-40%
Tagged K rm \q/p| 0.5 0.3 °
Tagged K7n @ 25° 15°

WA present uncertainty on A is O(2 10-3) from various sources
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9
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LHCD

Mixing and indirect CPV: upgrade m

see Mike's talk on Thursday

on x and y 2 2% relative uncertainty (statistical)

W.M.Bonivento - TCF@Elba 2013
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INFN : : 0 riing| LI.{CIQ
(G Beautiful observation of D” mixing! RRsISAV

First observation of charm mixing (>90) 10?
. x = I I T T E ? L T T I I
with WS DO->Ktr 2011 data F « Daa z & of 1
6.5F — Mixing fit E ~ F LHCb |
E ] ~ [
Right sign sample j| Wrong sign sample 6F - No-mixing fit L3¢ E
10° 10° 5.5F ¥ ]
;fé\ 1.2:_ T T T E ri: ]0-_ T T T 55— E 1:_ _:
2 [ LHCb fl' * RS data 2 [ LHCb f * WSdata 45§ E 05:_ 50 3
= f H Fit = 8 N R o 3o ]
5/ 08F T B Background é 6 L IL' [ Background 4 f E 0 _ —1lo + ]
g 06k l 2 I I 3.5F LHCb No-mixing
§ ll %4 , 3E ey 3 -0'5‘_.|....|....|..‘.1._
204 3 ER o 2 4 6 ' 2 01 005 0 005
Oo2f } i S 2 tht x% (%]
r - L
077005 201 2015 202 2005 201 2015 202 Rp 3.52+0.15
M (D) [GeVic?] M(D°x}) [GeV/c?] y' 724+24 | x103
z' —0.09 £0.13

From this we get X’ and y’ >no way to get precise x and y due to 50% error on d,,
Now, mixing is clearly established: from the point of view of QM this certainly a
very important result, but what about our search for NP?

in itself the SM LD allows for x and y up to 1% so these measurements do not
allow to distinguish SM from NP (but allow to put upper bounds on some
NP models). Maybe one day lattice...

but precision measurement of x and y (from D> K 1r1r) important for indirect
CPV
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Lo

* both prompt and from B>pDX Parameter | W(3770) W(4040) LHCD Belle-11
— very good precision in prospect (%) 0.02-0.05 0.03 0.015 0.08
Numbers presented yesterday are only a y(%) 0.02-0.03 0.03 0.010 0.04
fraction of our sensitivity! (e.g. |g/p| and ¢ can la/pl(%) | 25 09 15
arg (q/p)(7) 2-3 0.8 3 2.6

be extracted from 2. with high precision with
someés(reasonable) assumption)M.Bonivento - TCF@EIba 2013

LHCD

limat ]
1. With WS/RS D%>Kr 2011+2012 upcoming

— follows the mixing analysis with the noticeable addition of the K interaction
asymmetry measured

FN Our main roads to indirect CPV

2. A 2010 published; 2011 upcoming

If these quantities are different from 0 then we have evidence of indirect CPV (if DCPV
in 0 in A;) but what about determining |g/p| and ¢? :
sensitivity to @, |q/p| from these 2 measurements being reassessed
3. DO>KOgmrmr (DO>KOKK)
Provide access to both mixing parameters x and y directly and in particular to the
relative sign of them; and to extract directly |q/p| and arg(q/p)

— Need swimming
— time-dependent Dalitz plot analysis

« both model dependent and model independent being pursued

29



IN#F/I‘V) I H Cb
Vep and A 8 main experimental 1ssuew

Need to determine lifetime acceptance in real data
— Key ingredient to the method is an event by event based lifetime acceptance
which takes trigger and selection into account: this is possible in LHCb since the

lifetime bias is in the software trigger
— results are used in the normalization of the PDF in the fitting procedure

...... e swiming method ../ "
IP2j‘< P2 [
IP&'B h= \ D,B h
IP1
accepted? accepted? :
1=yes<’> 1=yes<‘»
0=no + 0=no 4 r
f tmin tm
a E
L F LHCb
s I Prellmlnary
“ 107k L=28 pb” D°decay vertex h*
‘prompt-secondary D 5
10 §_
Sepa ratlon E D° production
I vertex
it <
) C -| ...... 1P(D°
10 5 [} 5 In(xz(IPD)1)O (D°) PV 0
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INFN Vop and Ar: the 2010 measurement |\NSIGNY

Measurement of yp . D omDYKm D" - n,DYKK)
with 2010 data L=28pb-" £ 10 1 £ ;
arXiv:1112.4698 10 com 1 com
—fit ] 10° — it .
. 107 — prompt — prompt 1
Yep=Y Cos®P-Ryx sin® § —secondary 0 —sevondy
.
1 | I

A A " ; ..... s A A A ; A " A

4 4 5
Proper Time [ps] Proper Time [ps]

yop = (0.55 + 0.63 (stat) =+ 0.41 (syst) \%!

D** — i DO(K~K*) D*= = 7T DY(K-K™)
ves 187 oo 1 =(-5.9+59 £21)x 103
1 3" 1 | WAueas Ar= (0.12£0.25)%
{ ! { | (wioLHCb)
4 il

4 6
Decay time (ps) Decay time (ps)
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INF

Courtesy M. Gersabeck, HFAG 21 March 2013

Without assuming DCPV=0

— dir ind
AA p=Aa " (1+y, /) - A/t 8p |

£ 0.02 HFAG-charm
March 2013

(]
< 0.015

0.01
z (S A, BaBar

0.005 v A VA, Belle prel.

0 B ———

0005 0 e

-0.01
-0.015

-0.02 |ll|l|IIIl||ll|k\"\'\r"‘ﬂ-‘[..,llll]]l]lll

-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
qind
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IIII|IIII|I!II|
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The latest CPV averages

data is consistent with no
CPV at2.1% CL

acp = (-0.010  0.162 )%

Aapd" = (-0.329 £ 0.121 )%
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o Charm meson masses

e Use low Q-value modes

* Main systematics from momentum scale and
energy loss correction

— calibration from B+=>J/¥ K+ CLEO
E691
« Measured D° mass (with precision = the world CLEOD
average) CDF2 .
« Measured m(D*)-m(D°) and m(D.*)-m(D*) BABAR .
. PDG A 98.85+0.25
« huge improvement over WA veree
LHCb
New average 98.69 = 0.05 | | | | |
@ § T T T R PR SRR S SRR P
> mE_ LHCb D+ 97 975 98 9!13‘115(D *)9-9M(D9*£))'[5M e\ll/c
S 5w : :
I
E D+ —
S 15000 .
§‘°°°°§- Quantity LHCb Best previous PDC fit
so00k- /\ measurement measurement
| - et M(D°) 1864.75 = 0.19 | 1864.85£0.18 [5] | 1864.86 £0.13
M(D*) — M(D") 4.76 + 0.14 47 +£0.3 [7] 4.76 + 0.10
M(DF)— M(D*) | 98.68 +0.05 98.4 +0.3 [10]| 98.88+0.25

pull
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LHCD

 LHCDb is well suited for measurements with muons in the final state, a bit less with e-,
though we are doing some measurements su as B>K*e+e- (bremsstrahlung, modest
resolution ECAL)

« High efficiency triggering on muons in LHCb

U_/ EN The charm RD measurements

« Three main channels were analyzed:
— D->pu FCNC, best limit Belle 1.7*107 @ 90% C.L.

« SM predicts, even including a long range term O(10-13)
« Very interesting NP, WED and SUSY with RPV, starts at around few 10-10

— D) ">y with SS muons - forbidden in SM, sensitive to Majorana neutrinos
present limits on the order of

v 10 for D* modes and 10
L for D,* modes

~

D "2y with OS muons >FCNC, sensitive to RPV SUSY —>need to study pp
|nvar|ant mass distribution to exclude regions of long range contributions

« Analyses with 2011 data submitted to journals
« D91y, DO->K*uu and KKup under study
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LHCD
a 2 DO up 3

LHCb-PAPER-2013-013 - ivf'z ot '_5;:;1.
*-DY(—ptp)nt

3

“—» Large eff iciency from dl-muon specific trigger 11
' — Good track and vertex quality |
ﬂ—» Tracks from D° detached from PV
. — D? produced in the PV

— Tight nlD and multivariate discrimination for
semileptonic D decays and random background
reduction, using signal MC and data from the
signal sidebands

2

g

2

a
&
>
D
>
)
g
2
=
¥
§ O

g

[MeV/c?] §

b 4F 4

{

. — Main source of peaking background ; -' ———— - _ v va—}
corresponds to double misID. ‘ k ) Efficiency ratio
— Trigger and PID

— D—Knr used to control n—pu ID rate in data .
{ — Jy—-putp- to control trigger |

— MislID D°—-n+mr, contribution yield floated in the ; . . h
fit, with 45219 as gaussian constraint ‘ .Eand PID efficiency of the signal

—» Stability check using twice looser constraint — D°—K'x* tagged and
L arrr——" ot T, untagged as control sample for
the normalization mode “
£ < R SV ._J
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e DOy (R)

@ [T T E o LI S A B S e e -E
S 120 1 = 4sE inthe AM signal region 3
2 o - LHCb 1 E
5 ok @ LHCb 3 3 (b) LHCb 3
s 100F 1 s ¥ E
" : + ] © ¥
S o FHITH S
% 60 + 4 « 25 -
- Signal 1 & 20 =
S ok — i = .{,. + F
= - - 15 E
5 - DO—p+ry . -
S 2f DOk 18 o 3
K Combinatorial SE. i -
0 — 1 L dar-<c ) e PPN B S PP TP
140 145 150 X 0™""%00 1850 1900 1950 2000
Am, . [MeV/c?] m,., [MeV/c?]
Source relative uncertainty(%)
e
g 1 BF(D°—u+u’)<7.6x10° @95% CL - Material interactions 6.0
O - Muon identification efficiency 2.6
08 LHCb - Hadronic trigger efficiency 4.9
Preliminary Muon trigger efficiency 2.7
06 LHCb-PAPER-2013-013 B(D" - ntn) 1.9

R

1 Total systematic uncertainty 8.8
10 and "o bands-

Observed ]
Expected ] No significant excess of signal wrt the

expected background

04

0.2

lllllll"ll'll

o= w——e—J Most stringent limit up to date
0 0.5 1 1.5
B(D" = u* u)(10”)
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)
L FN | D%rru

11fb @V's=7TeV arXiv:1304.6365. Submitted to PLB

| — Selection criteria similar to the one used in D°—pu+u- analysis.
— Additionally, isolation variables exploited at selection

t — Main source of background is the final state with 3 pions

— Ds)*—mt¢(pntp’) mode used for normalization and as control sample
f — Analysis performed in regions of q2=M2?(u*u’)

— Double mislID peaking background extracted from the fit. Shape
extracted from D )*—ntntn sample with looser PID requirement and

t reconstructed with the p mass hypothesis

Signal
mislID cross-feed
Combinatorial bkg

& 12F T ]
S LHCb | 3p 1000 LHCDb
o 10 :
z o 'l 800 .
el 20 1
g ] 600 ]
) B N
g 1 400

(= S T - )
T

- B \ L Y 1] 0 A
1850 1900 1950 2000 1850 1900 1950 2000 1850 1900 1950 2000
m(x*u'w) [MeV/c?] m('u*w) [MeVie?) M w W) [MeV gk
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INFN LI\{Cb
& D->1up () s

10 ow-q?2 -

ga* ) oo NMPNP S i o oo e o B
=~ 30} | BF(D*—>mppu*)<2.0x10°% (90%) - BF(D*—mupn*)<2.6x10° (90%)
| E | 1 BF(Ds'—muu’)<6.9x10¢ (90";.,) LHCD 1 40{BF(Ds*—atup*)<16.0x10(90% LHCb
| wv Signal : % ’
< 20p%s misID cross-feed ]
| 3 ) ! Combinatorial bkg e
3 ;
5

-
-

-
-
-
-
-
-
-

::i{.‘v-n,.

1850 1900 1950 _ 2000 1850 1900 1950 3000
m( uw) [MeV/c?] m(*utp) [MeV/c?|

Baaa g

haa

FCNC contributions sensitive to NP constrained to regions far
from the resonances: low and high g2 values
Consistent with no signal observation and limit is ~2 orders of

magnitude improved wrt previous measurements*
*D0 PRL100(2008)101801
BaBar PRD84(2011)072006

B(D"— ntputpT) < 7.3(8.3) x 107°
B(DF = ntutp™) <4.1(4.8) x 1077

@90(95)% CL
arXiv:1304.6365
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INFN

LNV decay forbidden in
'the SM

to improve sensitivity
to the signals

Peaking bkg dominated
.gby 3x final state

-

No evidence of LNV

Limit ~2 orders of
magnitude improved
'wrt previous

measurements*
*BaBar PRDS4(2011)072006

§Split in 4 bins in M(rp*) |

i

e

o

arXiv:1304.6365

27/05/13

Candidates / (5 MeV/c?)

Candidates / (5 MeV/¢?)

D2 11up (3)

Signal
misID cross-feed
Combinatorlal bkg

250< (:ru+)<1140MeV LHCb
F(D*—smpp?)<1.4x10% (90%)
(Ds*

1850

1900

—Tpt)<6.2x10¢ (90%)

1950 2000
m(rprut) [MeV/c?)

1850

B(D*
B(DF

340<M(er+)<1 540MeV LHCb
F(D*—mp*n*)<1.3x10¢ (90%)

Ds*—mrutp Ts x10-2 (90%)

1900 1950

_M;

§ ) L - o
2000
m(rput) [MeV/c?)
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Candidates / (5 MeV/c?)

Candidates / (5 MeV/e?)

ON&O\@ON&
T \3 BARE RAA

LHCD

1850

114 <M(er+)<1340MeV LHCb

F(D*—mp*u*)<1.1x10¢ (90%) 3
F(Ds*—mup*)<4.4x10- (90%)

-

-

|1

1900

|4 lJl -1
1950 2000
m(zup’) [MeV/c?)

'1540<M(:r +)<2000M9V LHCb

1850

i

*
3
+
*
3

1900

1950

x 1077

@90(95)% CL
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Other Physics
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Tau decays

Large T cross section (~ 10" r per 1 fb™)

Inclusive T cross-section:~80ub-1
— ~80%fromDs

So far two analyses, about CLFV:
— T3

* normalized to Ds>®(up)tr

« dominated by combinatorial background

« U.L. with 2011 data : 8.3x10® @90%C.L.
— Belle 2.1x108 @ 90%C.L.

» prospects for the upgrade

— T-=2>anti-p y+y- and T1-2p Y-p-

CLFV and BNV but B-L conserved

overlooked by FF

exploits RICH PID

U.L. with 2011 data: 4.6x10® and 5.4x10-3@90%C.L.

27/05/13 W.M.Bonivento - TCF@Elba 2013
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n
o X(3872)

Determination of the X(3872) quantum numbers

arXiv:1302.6269 )

LHCD

The analysis uses 1 fb™" of data collected in 2011

T T T T

o 313426 BT — X(3872)K*
(568131 background events)

@ 5642+76 BT — ¢¥(2S)K™
(control sample)

— —
= n
S o
=] =)
I

soof |

Number of candidates / (2.5 MeV)

with X(3872) and (25) 600 ' ..
d : t - 20 110 ¥
ecaying o 400}~ 10 T8 N
B 600 750 800
200 LHCb
JprTmT - (ppT)m .
0' N J ot~ I [
600 800 1000 1200 1400

M(r*md/y) - M(J/y) [MeV]
Angular correlations in the BT decay chain carry information on the JF¢
of the X(3872)
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) X(3872)

Analysis performed in 5D exploiting all angular
correlations

2= (COS 9Xa Cosoﬂ"fn A¢X,1r1ra Ccos 9J/1,"): A¢X,J/'l,"))

Matrix elements in the helicity formalism
@ 177: no free parameter

@ 27 7: one complex parameter o

Data favors 1++ over 2+ at 8.40

27/05/13 W.M.Bonivento - TCF@Elba 2013

arXiv:1302.6269 )

0

v L2

o LHCb
g - all candidates =
5 I ]
2 o 3
o oo ]
= ]
Qo 8 4
w— B

o o
g o :
E % —e— Data T
Z . — Simulated JS°=1"* h

"""" Simulated J"°=2"

|cos6,,| > 0.6 .

40 b

: e z
3o

marginal differences in
1D distributions

discrimination relies on
correlations in specific
phase-space regions
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INF . , LH ch
L X(3872) interpretations D

JPC of X(3872) has been determined to be 1++
Ne(1'D,_,) is now ruled out!

Charmonium spectrum

4000

MeV

3950

Charmonium

3900
3850

3800

X.1(2°P,,,) possible but
disfavored by mass

3750

o, FOPeN charm threshold

1 1
{ 0 1 1 0 == 2+ 2 2 3 =

1++ was expected in both tetra-quark and molecular models -
The four-quark models also favored by the coincidence of X(3872) mass with the D*°DC threshold

Tetra-quark D*°D° molecule
Nearly degenerate charged Binding energy requires*mass
°o partners expected but not ©0—0 to be below M(D°)+M(D*?).
Oo observed. 0 ’ Satisfied? (see next)
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LHCD

INFN
(G from the DY mass measurement
LHCb arXiv:1304.6865 '
T *Elnee g 7+ Use D° —» K'’K*K~n* decays
$ uf S:S;S% 1 « Low energy release — low
S i systematicerror
: - » Use D% produced in
g | semileptonic b decays for good
gt 8 Bl background suppression and
l% 0 .I l1840 l18|60. IISISOI I 1900 I Il‘;lt hlgh trlgger effICIency
7 M(K K K™ n") [MeV/e?]
M(D%) = 1864.85+0.15+0.11 MeV
| : + using PDG averages:
ACCM . AM(D*O-DO) =142.1210.07 MeV
- e M[X(3872)] =3871.680.17 MeV
KEDR |-—.—
CLEO 2007 =
. B M[X(3872)] — M(D+D*%)= —0.12+0.30 MeV
= :' H If molecule then very loosely bound
New average 186484 +0.12 : B
‘ e H-'l 1 —> large in size (>6 fm at 90% CL)
1863.5 1864 1864.5 nmis)u m;::?s;ev’g;(;()
New average: M(D%)=1864.84+0.12 MeV
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| LHCD
Conclusion NG\

LHCb has a very rich physics program which also covers many subjects related to a
tau-charm factory

In charm physics, subjects range from mixing/CPV to rare decays and spectroscopy,
mostly with decays to charged particles in the final state, using both promptly
produced charmed hadrons and from B decays

Also can perform some tau physics and competitive X,Y,Z spectroscopy manly from
B decays

With 2011 and 2012 data (3fb-') we already have the world highest statistics in
many channels

For many years to come, at least until BElle2 will run at full speed, LHCb will be
(together with BES3) the leading experiment in the charm sector: statistical
sensitivity to many observables such to rule out NP contributions (e.g. some channels
sensitive direct CPV)

Still systematics such as production asymmetries in CPV and lifetime acceptance
have to be treated with care and more new ideas on that need to be developed

Things are progressing also for some channels including one 0.

Most channels with neutrinos and %s remain peculiar to the e*e- machines
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