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Some Theory

» In the most general form, the decay rate of the D meson can be written as

ar® 2 5
e = (Constants) x ‘tiqj| x (F'n of form factors(q~, my))
» Things we can do:

1. Assuming known form factor dependence, measure |Vq,.qj|

2. Measure B dependence on q2, use known CKM elements to understand form factors
3. Something completely different

» In any case, dependence on g2 is a key ingredient
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The Trigger

» Selection of hardware and

LHCb 2012 Trigger Diagram LHCb 2015 Trigger Diagram . .
SOftWE] re trlggers requires care

40 MHz bunch crossing rate 40 MHz bunch crossing rate

0 O I I b » Depending on the physics

LO Hardware Trigger : 1 MHz LO Hardware Trigger : 1 MHz ana|ysis one may be more
readout, high Er/Pr signatures readout, high Et/Pr signatures X !
optimal than another

450 kHz 400 kHz 150 kHz
h* H/up e/y

450 kHz 400 kHz 150 kHz
h* H/up e/y

» Software trigger for charm has

Defer 20% to disk ] : Software High Level : both exclusive selections, and

)

Partial event reconstruction, select
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T inclusive based on MVA trainings
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Neutrino Reconstruction

» Challenge: Only partially reconstructed final state
» For e"e™ machines, use the other side of the event and beam energy to constrain
neutrino momentum

Tag Side - ’ »

» Not possible at a hadron collider
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Neutrino Reconstruction

» Use flight direction of the D to
constrain p’r

= .
ot

K

» Leaves two-fold ambiguity for total
neutrino momentum

A. Davis

Relies on D mass constraint

Solutions can be imaginary due to detector
effects

Choosing a solution will bias ¢° distributions

Many methods of dealing with this already
exist:
k factor: ptrue = p(K?)/k

If only missing one massless particle, can use
!/
Meorr =/ m(K£)2 + p’T2 +pl

Using D** — D7} decays can break this two
fold ambiguity by using D* mass constraint
(Cone Closure)

Charm semileptonic decays at LHCb
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Experimental Strategies

» Topology choices are key
» Prompt D* decay is most similar to what has been previously used

Prompt Secondary X
h

-

-

» Can use hadronic B decay with SL D decay

A. Davis
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Experimental Challenges

» Lots of places to induce bias (trigger, v reconstruction, selection)
— Fits will be templated
» Production/detection efficiencies requires carefully chosen control channels

Nmeasured = Nphysics X Etrigger X €reconstruction X €PID X €selection

» Some, but not all, of these can be measured in a data driven way
> q2 resolution: Depends heavily on decay kinematics, final state, and statistics

» Muons are good, electrons are a bit more difficult
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An example measurement

» Measure
Vs> . B(D - Kuv)

B(D — muv)
» Analogous to measurement of | V| from Ay — pur (Nature Physics 10 (2015) 1038)

» Experimental advantages:
» Use D** — D7} — gives access to Am for background rejection, g2 constraint
» 1, s detection efficiencies cancel in ratio
» K, m detection efficiencies known well from CP measurements
» 1 easily detectable
» Use M, to reduce multibody/neutral backgrounds
» The hard parts
» Trigger on the inclusive D event — possible biases vs g depending on data-taking
conditions
» MC statistics will be a limiting factor
» fX(q?), f7(g*) knowledge will play a large role in the extraction

A. Davis
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But | want some numbers
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But | want some numbers

» B(D® > K u*v) ~ B(D® - K=7*)
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But | want some numbers

» B(D® > K u*v) ~ B(D® - K=7*)
» From Run | CPV/mixing(PRL 111, 251801 (2013)), ~50M
D° - K~m* events

4 A
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But | want some numbers

» B(D® - K p*v) ~ B(D® - K~7%)

» From Run | CPV/mixing(PRL 111, 251801 (2013)), ~50M
D® - K=7* events

> Use inclusive D* trigger, lose 60% of statistics (~ 20M)
(2012 only, 2/3 of year)

4 A
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But | want some numbers

» B(D® - K p*v) ~ B(D® - K~7%)

From Run | CPV/mixing(PRL 111, 251801 (2013)), ~50M

D® - K=7* events

> Use inclusive D* trigger, lose 60% of statistics (~ 20M)
(2012 only, 2/3 of year)

» Assuming remaining reconstruction, selection efficiencies are
~ 20%, end with ~4.4M signal candidates

» This gives 5 x 107* fractional uncertainty on B(D — Kpuv)

v

4 A
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But | want some numbers
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4

B(D° - K u*v) ~ B(D® - K~7*)

From Run | CPV/mixing(PRL 111, 251801 (2013)), ~50M
D® - K=7* events

Use inclusive D* trigger, lose 60% of statistics (~ 20M)
(2012 only, 2/3 of year)

Assuming remaining reconstruction, selection efficiencies are
~ 20%, end with ~4.4M signal candidates

This gives 5 x 10~* fractional uncertainty on B(D — Kuv)
B(D - wuv) ~ 1/15B(D>Kuv) — 0.2% relative uncertainty
on ratio

10 bins of g still leaves about 0.5% relative uncertainty

Using values from CKM Fitter, g2 integrated would be at the
same level as world average

A
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How close did we come?

» Back of the envelope calculation gives
~4.4M signal D - Kuv candidates
a;(PRL 117, 061803 (2016)), used
D* - D%, D% > Kpuv to cross check
detection efficiencies.
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» Todo: understand the g? resolution il Lt - s J
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and biases therein m(Kur)-m(Kp) [MeV/c]

v

Run Il will only bring more statistics
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Other measurements we could think about

D° D* D
DO - muv (B=0238+0.024%) | D* > Knpury  (B=3.9+0.4%) | Df - ¢ur (B =~2%)
D° - Kuv (B=3.3+0.13%) DY - K% (B=93+07%) | Df » Kouv (B =~0.3%)

DO - K*(892) v (B=192+0.25%) | D*—» K*u (B=53+0.15%) | D »nuw (B =~3%)
DY - nuv (B=~1%)

v

Items in red are unlikely
» Considerations: need a control channel for each

v

Resonant vs non-resonant will be challenging

> D(st) would be possible from B decay first

» () 5 177y is a possibility (see LHCb-PAPER-2016-041 (in prep.), presented at
CHARM 2016)

Ac? lifetime ~ 0.57(D°), final state neutrons are a no-go

v
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And now for something completely different

A. Davis
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Measurements of B - D*71v
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Belle, arXiv:1608.06391

X2 = 1.0 contours

== SM Predictions

R(D)=0.300(8) HPQCD (2015)
R(D)=0.299(11) FNAL/MILC (2015)

[ Average R(D*)=0.252(3) S. Fajfer et al. (2012)
r — ]
B Summer 2016 T
C | | P(x?) =70%
2 0.3 04 0.5 0.6
R(D)

» Why am | even showing you this?

A. Davis

Charm semileptonic decays at LHCb

13/17



LNU in D — hly,

» Make ratio of individual branching fractions in D system from PDG

B(D’- et v,)
B(DOH ™ p* vy

B(D°~ K (892) € v,)
B(D’- K (892) u* v,)

B(D°- K e vy)
B(D°- K™ u*v,)

0.9I - Ill N 11 12 N 13 - I1.4
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Expectations and Experimental Concerns

» Theoretically clean: form factors cancel to a large degree

» Expect > 1M D — K/, events in Run |

» Stat error: <0.1%, would reduce error on the ratio by an order of magnitude
» Systematic uncertainties are harder to project

» Efficiencies which do not cancel in the ratio are then ¢, /e,

» Bremsstrahlung recovery is difficult, but not impossible, e.g.
B - K*ee,(JHEP04(2015)064) D° — eu(PLB 754 (2016) 167)

» Neutral background rejection: use Am, Mo,

» Use cone closure to solve for p(v)

» Run Il is already bringing more statistics

A. Davis
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Conclusions

» LHCb is a charm factory just as much as a b factory
» Muon ID gives a good foothold into CKM element measurements and form factor
measurements

» Downsides: Neutrino reconstruction, MC statistics

» g° resolution and understanding of biases will always be key

» LNU measurements are a new field in charm. LHCb is pursuing this and we hope
others will as well
» Take home point: We should measure

» B(D® - huv), CKM elements, g dependence
» LNU in charm, using K, 7 and K*

A. Davis
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The future

LHCh Integrated Luminosity in pp collisions 2010-2016

£ [ « 2016 (6.5 Tev): 1.67 fib 2012 , .
> E 2015 (6.5 TeV): 0.32 /b /
i L. 8 1af o 2012 (4.0 TeV): 2.08 /fb
» 2016 pp run haSJUSt finished % Lol © 2011(3.5Tev): 111 /b /,{
_ 2 E 2010 (3.5 TeV): 0.04 /fb
» LHCb has collected ~ 1.67 fb~! g 14 2016
. .. £ 12f
» 2017 running to resume pp collisions £ 20
~May (fingers crossed) oaf pd
E ‘,.ﬁj
. .. osf
» The fun is just beginning i J /.7
/
ON%ar dﬁ' e e _erlv_‘_‘_
Month of year
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Backup Slides
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Cone Closure

D ,V (cone)

u K

from Johns, FERMILAB-THESIS-1995- 05, UMI-96-02371
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