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LHCb

Int. J. Mod. Phys. A 30, 1530022 (2015)

» LHCb acceptance: 2<n<5

» Reconstructed O(2 billion)
charm hadron decays in
2011-2016

» With more on the way!
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LHCb

Candidates per 19 keV/c?
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LHCb acceptance: 2<n <5

Reconstructed O(2 billion)
charm hadron decays in
2011-2016

With more on the way!

x10°
sE Lrcopreiminay | I

E Runl+2015+2016 deta
TE o -k

F  Signal: 789 million
6F
33
4E
3
2F
1
ok

1850 1900
K'Tt" mass [MeV/c?]

Int. J. Mod. Phys. A 30, 1530022 (2015)

TT & T Stations: VELO:
Ap/p=0.4%-0.6% AM 20 ;im IP resolution

for 5 — 10 GeV Tracks

Experimental prospects for V4, Vis, V4, Ves and (semi-)leptonic D decays at LHCb 1/13


http://dx.doi.org/10.1142/S0217751X15300227

LHCb

Candidates per 19 keV/c?
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» With more on the way!
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Int. J. Mod. Phys. A 30, 1530022 (2015)
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Challenges of Hadron Collider Environment: 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 b b ’

-7 Signal Side

» Not possible at a hadron collider
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Challenges of a Hadron Environment: Neutrino Reconstruction

» We would like to solve for the missing neutrino momentum to
» Be able to reconstruct a narrow mass peak
» Accurately reproduce g2
» Can reconstruct neutrino momentum without any additional information up to
two-fold ambiguity

» Given the origin and end vertices of
the D°, neutrino momentum
perpendicular to flight direction is
known

/
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> Direction of pj(v) has quadratic
ambiguity
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Methods of Reconstruction

» How to get the right answer?

From D. Mitzel Master Thesis
L B o e A B

» Choose a solution with some requirement
LHCb Simulation
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Methods of Reconstruction

» How to get the right answer?

» Choose a solution with some reqUil’ement Computer Physics Communications 214C (2017) pp. 239-246
R _ _p(KO)
k factor method p(K/¢v) = PCICO) 2014F , , : =
> Don't choose, rely on one missing particle 5 o2k RapidSim E
N 5
! 0.1 -
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Methods of Reconstruction

» How to get the right answer?

» Choose a solution with some requirement BY - Kpw, from JHEP(2017) 2017:21
R _ _p(KO)
k factor method p(K/{v) = PCICO)
> Don't choose, rely on one missing particle .
— Regression
107!
% ----Random
Mcorrected = \/ p,‘[g + mz(Kf) + |p,T| é
E 1072
=
» Use Multivariate Regression g
(JHEP(2017) 2017:21) Z ok

-100 —50 6 Sb 160 150 200
Aq*lq* (%)
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Methods of Reconstruction

» How to get the right answer? from Johns, FERMILAB-THESIS-1995-05,UMI-96-02371

» Choose a solution with some requirement
R _ _P(KO
k factor method p(K/{v) = Km(KO)
> Don't choose, rely on one missing particle n

Mcorrected = \/ ,7g + mz(Kf) + |p,T| D,V e

» Use Multivariate Regression
(JHEP(2017) 2017:21)

» Use two external mass constraints:
D** - D%} — cone closure u K

» Can work for any excited decay, e.g.

By » B K*, B~ - D)
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Methods of Reconstruction

» How to get the right answer? from Johns, FERMILAB-THESIS-1995-05,UMI-96-02371

» Choose a solution with some requirement
R _ _P(KO
k factor method p(K/{v) = Km(KO)
> Don't choose, rely on one missing particle n

Mcorrected = \/ ,7g + mz(Kf) + |p,T| D,V e

» Use Multivariate Regression
(JHEP(2017) 2017:21)
» Use two external mass constraints:
D** - D%} — cone closure u K
» Can work for any excited decay, e.g.
By » B K*, B~ - D)
» Caveats

» Can have failures due to detector resolution
effects
> Missing massive particles can shift

distributions — discrimination power
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CKM Elements: The “Usual” Ways

» Taken largely from PDG Review of CKM Matrix

VUS
» Nuclear 8 decay
0 =
» K -1 e’y
» Neutron 3 decay % L Kowtusy assuming
+ 0+ -8 ’KL_)TFHVM oL
» 1t > ey, (B~107°) " K S Oty |Vigl, limited by
€ /[ fr
» KO - mteve
VCS
» He > HJ€+I/K » H. - Hs_f+ug
» DT = Ty, » DI - My,
» Neutrino Scattering » On-shell W ala Delphi
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CKM Elements: The “Usual” Ways

» Taken largely from PDG Review of CKM Matrix

VUS
>
- » KO > ety
. L €, Koutuuy :
F 0+ -8 » K >ty T oet ossming
» 1t > ey, (B~107°) N o |Vigl, limited by
» KT > 7mle’ e fic|f
K/ Ir

» KO - mteve
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CKM Elements: The “Usual” Ways

» Taken largely from PDG Review of CKM Matrix

VUS
» Nu
0 =
» K -1 e’y
> p © s Ko asquming
» KO >ty Tyt
> ~ 0—8 L 122 S
) |Vigl, limited by
» KT > 0.+ u
me v fio|f
K/ Im

» KO - mteve
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CKM Elements: The “Usual” Ways

» Taken largely from PDG Review of CKM Matrix

VUS

> KE -1 et

Kt ot i
g 0 . BT 3ssumin
0-8) » KL =71ty |

. ~

» K+ > mle*u,

0 + fK/fW
» K - e,
VCS

» He > HJ£+Z/E » H. - Hs_€+Vg
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The Not-So Usual Ways

> N— puv

» KO — muv

» Taps into s-hadron physics
program possible at LHCb
» As-of yet unobserved

K? — mpv reachable
1808.03477

» Interesting in LNU searches
alone
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The Not-So Usual Ways

> A= puv » Bf - Br* » Bf - Bzt
» K > v » B - By, » B » B2uty,
» Bf - B'K*
» Taps into s-hadron physics » New explorations into the B, physics program of
program possible at LHCb LHCb LHCbh-PUB-2018-009
» As-of yet unobserved » Limited currently by hadronization fractions,
K? — mpv reachable statistics
1808.03477 » Possible unique measurement using ratio with SL D
» Interesting in LNU searches decays?
alone
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The Not-So Usual Ways

> N = puv » Bf > Bt » Bf - Bzt
» KO — muv » B - By, > BY — BJptu,
» Bf - B'K*
» Taps into s-hadron physics » New explorations into the B, physics program of
program possible at LHCb LHCb LHCbh-PUB-2018-009
» As-of yet unobserved » Limited currently by hadronization fractions,
K? — mpv reachable statistics
1808.03477 » Possible unique measurement using ratio with SL D
» Interesting in LNU searches decays?
alone
Something to watch for in the future! ]
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‘VcdiCS‘

» Use BFs to access FFxCKM elements

dB(D° - 7~ p*v)/dg? o Vel 1FP77 (47
dB(DO - K7M+V)/dq2 |VCS|2 |fD%K(q2)|2

» Analogous to measurement of | V5| from Ap — pur (Nature Physics 10 (2015) 1038)

» Experimental advantages:
» Use D** — D7} — gives access to Am for background rejection, g> constraint
» u,7s detection efficiencies cancel in ratio
» K, m detection efficiencies known well from CP measurements
» Use Mo, Amysiple to reduce multibody/neutral backgrounds
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‘VcdiCS‘

» a3,(PRL 117, 061803 (2016)), used D* — D,
D° - Kuv to cross check detection efficiencies.

» Triggering on the p at LO, and further on the K Pos ckm2016 (2017) 025

candidate gives ~ 5M signal candidates G000 T T T T T T T T T
. . -1 3 + LHCb Preliminary
» This study was done with Run | data (3 fb™) S ]
. . . . o 8000 1600< m(K )<1700 MeV/c%, MD
» Increase in cross section 4+ /L scaling gives p r 1
roughly factor of 3 more stats — 15M 26000:— B
» Using B(D® - mpv) ~ £B(D° - K~p*v), §4oooj- 3
expect ~ IM D - 7 pu'*v © I ]
_ _ 2000} —_
» Expect relative error on ratio to be 0.1% o : SN
statistical I T A
» Current relative error on £fP=7(0) is 4%, 2.5% for m(Kum-m(Ky) [Mevic]
72K (0)
» Will be limited by form factor calculation from
lattice
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CPV/Mixing from D° - K v

HFLAV

» Similar to D° > K= mixing and CPV,
0 K+~
look at %m 0.110 * 3300 o
» RS decay dominated by CF decay | |
» WS decay occurs only through mixing CLEO 2003 | | | | 0100202900290 %
P(DO i K+M_Vu) [ed X2 +y2 (5)2 - X—2 +y2 0.004+.((IL((,)76?) %
P(D° - K-ptvy,) 4 T 2
» With the current values from HFLAV, felle 2008 H porEafz AL
and using 5M RS decays, expect
roughly 700 WS decays
(From D. Mitzel Master Thesis) World average H 0.013£0.027 %
» Estimated statistical precision on Ry e b
using pseudoexperiments ~ 0.01% Ry, (%)
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Lepton Non-Universality in Charm

PhysRevD.91.094009

» In the SM, the only difference between .
e, and 7 are their masses ”%
» See differences in the b sector —i
» Are there any other places we can ~§
look? How about in the D sector? S
Rile _ B(D° - h™ptv,) R
B(DY - h-e*v,) e [val
h=K,m,K"...
r\g 103 P
» Why? Differences in b vs ¢ vs s could fff
point to possible flavor hierarchy
» Measure vs g° to probe possible new

02 0.4 0.6 08 10 12 14

physics effects 7’1GeV’]
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Status

» Since the last time | presented this plot, a lot of progress has been made!
adapted from PoS CKM2016 (2017) 025

FFsfrom 1305.1462
From S. Fajfer
B -~ vy | i PDG 2016
B(D’- et vy
0 *- ¥
BO -~ K (892 p'vy) | . PDG 2016 |
B(D’- K (892) €' v,)
B(D°~ K™ u*v,)
A ol U I — _
BO°- K e vy PDG 2016
e LHCb Run | Reac
PRSP SR S RN S S S TR BN S S U | NS TN S S T
0.7 0.8 0.9 1 1.1 1.2
we
R

» Clearly something to keep an eye on!

adam.davis@cern.ch Experimental prospects for V4, Vis, V4, Ves and (semi-)leptonic D decays at LHCb 11 /13


http://inspirehep.net/record/1520863

Status

» Since the last time | presented this plot, a lot of progress has been made!
adapted from PoS CKM2016 (2017) 025

FFsfrom 1305.1462
From S. Fajfer
B -~ vy | i PDG 2016
0
B(D"~ e’ vy) —— BESIII [1802.05492]
0 *- ¥
BO -~ K (892 p'vy) | . PDG 2016 |
B(D’- K (892) €' v,)
B(D°~ K™ u*v,)
A ol U I — _
BO°- K e vy PDG 2016
e LHCb Run | Reac
PRSP SR S RN S S S TR BN S S U | NS TN S S T
0.7 0.8 0.9 1 1.1 1.2

» Clearly something to keep an eye on!

adam.davis@cern.ch Experimental prospects for V4, Vis, V4, Ves and (semi-)leptonic D decays at LHCb 11 /13


http://inspirehep.net/record/1520863

Status

» Since the last time | presented this plot, a lot of progress has been made!
adapted from PoS CKM2016 (2017) 025

T
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0
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0 *- ¥
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» Clearly something to keep an eye on!
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LHCb Measurement

v

e Arr’visible Vs Mcorr(DO) OQWWD
» m(D*) from decay-chain kinematic o
fit vs m(K?) -

» Reconstruct g® using cone-closure

» Use template shapes for physics

backgrounds

» Psuedoexperiment studies confirm

projections
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Conclusions

v

LHCb is a charm factory. Should exploit this to its fullest

» Huge statistics— low statistical uncertainties

» Many new and interesting ideas on how to access these quantities
» While hadron environment is difficult, it is not impossible

» Stay tuned

Thank you!
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