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A simple question
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The Standard Model

Symmetry, local gauge

Simplicity, few
parameters

Anarchy, whatever is
not forbidden Is allowed

Remarkable predictive || PR
power, it explains
(almost) all observed
phenomena at the
elementary particle level




Just the tip...
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A, ~ unanswered: origin of

generations, dark matter,
matter-antimatter asymmetry,
gravity, ...

- Strong prejudice in favor of a
higher-energy extension of the
theory (ultraviolet completion)

- Will involve new particles and
Interactions at energy scales
not (yet) explored




Probing the next scale

High-energy production Low-energy precision
of new particles measurements

Probe directly the Look for the effects of exchange of
structure of matter virtual new particles. Quantum-prolbe of
and its interactions higher energies than directly accessible



The high-energy frontier

Events | 2 GeV

Events - Fitted bkg

Discovery of a spin-0

boson consistent with the

Higgs particle...
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...and null results from
direct searches probing
masses >1 Te

i
i

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
Status: July 2017 [Ldt=(32-37.0)1b" V5=8,13TeV
Model ty Jetst ET* [ram] Limit Reference
— T T i T — T T —
° ADD Gk +g/q Oepu 1-4]  Yes 361 Mp. 7.75 TeV. n=2 ATLAS-CONF-2017-060
.S ADD non-resonant yy 2y - - 367 | Ms L 86TeV  n=3HLZNLO CERN-EP-2017-132
2  ADDQBH - 2j - 37.0 LU i 8.9Tev 1703.09217
“E’ ADD BH high ¥ pr zlep =2j - 32 | My 8.2TeV 1606.02265
T ADD BH multiet - >3] - 36 | M 9.5 TeV 1512.02586
®  RS1Gkk -y 2y - - 36.7 | Gkk mass. 4.1TeV CERN-EP-2017-132
E’j Bulk RS Gkx — WW — qqlv Teu 1J Yes 36.1 Gkk mass .75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/RPP leu =22b23] Yes 132 |KKmass .6 TeV. Tier (1,1), BAMD — t) =1 ATLAS-CONF-2016-104
SSM Z' — 2eu - - 361 |Z'mass 45TeV ATLAS-CONF-2017-027
@ SSMZ o 27 - - 361 |Z'mass 24TeV ATLAS-CONF-2017-050
S Leptophobic Z' — bb - 2b - 32 |z mass 5 TeV 1603.08791
§ Leptophobic Z’ — tt lep >1b>102 Yes 32 |Z'mass 20TeV r/m=3% ATLAS-CONF-2016-014
®  SSMW v Ten - Yes 361 | W mass 5.1TeV 1706.04786
S HVT V' - WV - qqqgmodel B Oe,p 2J - 36.7 |V mass 3.5TeV 8v CERN-EP-2017-147
&  HVT V' WH/ZHmodelB  mulii-channel 36.1 |V’ mass 2.93TeV. & ATLAS-CONF-2017-055
LRSM Wj, — tb Tepu 2b,0-1]  Yes 20.3 1410.4103
LRSM W;7 — tb Oe,u >1b1J - 20.3 1408.0886
Cl qqqq - 2j - 37.0 21.8TeV ., 1703.09217
Clteqq 2epu - - 36.1 40.1TeV 7, | ATLAS-CONF-2017-027
Cl uutt 2(S8)28eu=1b,21j Yes 203 1504.04605
S| Axiak-vector mediator (Dirac DM) 0.yt 1-4j  Yes 361 0, m(y) < 400 GeV | ATLAS-CONF-2017-060
S | Vector mediator (Dirac DM) Oepdy <1j  Yes 361 0, m(y) < 480 GeV 1704.03848
VWxy EFT (Dirac DM) Oeu 1J,<1j Yes 32 m(x) <150 GeV 1608.02372
Scalar LQ 1% gen 2e >2j - 32 [Lamass B 1605.06035
9. Scalar LQ 2" gen 2u 22j - 3.2 LQ mass 1.05 Te| 1605.06035
Scalar LQ 3" gen leu 21b23] Yes 203 1508.04735
VLQ TT = Ht + X Oorteu 22b,23] Yes 132 |Tmass 1.2] B(T - Ht)=1 ATLAS-CONF-2016-104
% VLQTT - Zt + X Teu =21b23] Yes 361 |Tmass 1.16 B(T-2zt)=1 1705.10751
2 VLQTT - Wb+ X Tep 21b2>1J2 Yes 361 | Tmass 1388V B(T > Wb) =1 CERN-EP-2017-094
S VLQBB- Hb+X leu =2b>=3] Yes 203 B(B = Hb) =1 1505.04306
¥  VLQBB - Zb+ X 2>8eu >20>1b - 203 B(B - Zb)=1 1409.5500
£ VIQBB- Wi+ X leu 21b21J2 Yes 361 [Bmass 1.25 B(B - We)=1 CERN-EP-2017-094
VLQ QQ — WqWq Tepu >4j Yes 20.3 1509.04261
Excited quark g* — qg - 2j - 370 |a'mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
© @ Excitedquark g — gy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
% S Excited quark b* — bg - 1b1) - 133 |b'mass 23TeV ATLAS-CONF-2016-060
S E  Excited quark b - Wt for2eu 1b2:0] Yes 203 fo=fi=fr=1 1510.02664
WO £, cited lepton ¢* 3eu - - 203 30TeV 14112021
Excited lepton v* 3eut - - 203 A=16TeV 1411.2921
LRSM Majorana » 2eu 2j - 203 m(We) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢¢ 234eu(SS) - - 361 DY production ATLAS-CONF-2017-053
&  Higgs triplet H** — (1 3eut - - 203 DY production, B(H;:* — () = 1 14112021
= Monotop (non-res prod) Ten 1b Yes 20.3 Anon-res = 0.2 1410.5404
O Multi-charged particles - - - 203 DY production, |q] = 5e 150404188
Magnetic monopoles — - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.

tSmall-radius (large-radius) jets are denoted by the letter j (J).

1
107t

10 Mass scale [TeV]

New particles or interactions are unlikely to be directly
accessible at the energies probed by the LHC

ATLAS shown for illustrative purposes

only. Similar results hold for CMS



(Quark) Flavor matters

-+ The physics of matter at its most
fundamental level. Deals with
masses and transitions of
fermions

- Added bonus: dynamics is not
iInvariant for mirror-reversal of the
spatial arrangement and
replacement of particles with
antiparticles (CP violation)

- The richness of this

phenomenology offers
multiple ways to test the SM

A~ 0.22




All consistent...

- A global campaign of O(1000)
measurements conducted in the
past 20+ years to experimentally
explore the quark-flavor sector

- The SM is sufficient to accommodate
all quark-flavor phenomena observed
so far (e.g. CKM picture of CP
violation is self consistent)

Impressive, but let’s not overstate the
implications: up to 20% deviations
still unconstrained in most of the
suppressed processes

- LHCb and Belle |l need to push the
precision to the next level
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...0r maybe not”
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Focusing
on charm
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Why is charm charming?

Unique, gives sensitivity to new
physics coupling to up-type quarks
(complementary to K and Bs) decays)

Discovery tool, SM effects are <10-3
or smaller, but predictions are difficult.
Charm is not a precision probe

Challenging, need >1M yields and
control over systematic uncertainties

Only recently reached sensitivity to
discern SM from possible new physics
effects

13



Reach
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PHYSICAL REVIEW D 97, 031101(R) (2018)

Rapid Communications

Updated determination of D’-D° mixing and CP violation
parameters with D" — K*z~ decays

R. Aaij et al.”
(LHCb Collaboration)

® (Received 8 December 2017: published 22 February 2018; corrected 26 March 2018)

We report measurements of charm-mixing parameters based on the decay-time-dependent ratio of
D" = K*n~ toD" — K~ x* rates. The analysis uses a data sample of proton-proton collisions corresponding
toan integrated luminosity of 5.0 fb~! recorded by the LHCb experiment from 2011 through 2016. Assuming
charge-parity (CP) symmetry, the mixing parameters are determined to be x? = (3.9 £2.7) x 107,
V' = (5.284+0.52) x 1077, and Rp = (3.454 +0.031) x 1077, Without this assumption, the measurement
is performed separately for D” and D" mesons, yielding a direct CP-violating asymmetry Ap =
(=0.1£9.1) x 1073, and magnitude of the ratio of mixing parameters 1.00 = |g/p| =< 1.35 at the
68.3% confidence level. All results include statistical and systematic uncertainties and improve significantly
upon previous single-measurement determinations. No evidence for CP violation in charm mixing 1s
observed.

DOI: 10.1103/PhysRevD.97.031101

L. INTRODUCTION mixing paramelers, x = (4.6_'}3‘) x 10 and y= (6.2 =
0.8) x 107 [16], although neither a nonzero value for the

.

The mass eigenstates of neutral charm mesons are linear

h-__‘
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Oscillations

16

The eigenstates of the neutral-meson
systems are a mixture of the flavor
states and can have different masses
and lifetimes

’P1,2> —= P ‘PO> T q ‘p0>

Am  2(my — mo)
I' I'y +1'

Al'  I'y —T'y)

2 Ty +1

An initially produced £ meson can
then “oscillate” into a Po (and vice-
versa) before it decays

If g and p are real, P; and P2 are CP
eigenstates and the oscillation rates for
PO—P0 and PP— 0 are the same

! ¢%-meson state.! Some of these are: (I) the existence of

e - o
-' . LA

Observation of Long-Lived Neutral V
Particles™
K. Lanpg, E. T. Boors, J. IMPEDUGLIA, AND L. M. LEDERMAN,
Columbia University, New York, New York
AND

W. Cuinowsky, Brookhaven National Laboratory,
Upton, New York

(Received July 30, 1956)

HE application of rigorous charge conjugation in- |
variance to strange particle interactions has led
to the prediction of rather startling properties for the

3
g
\

[ I B B SR SR B B S S )

T T T 1

a second neutral particle, 850, for which two-pion decay
is prohibited; (IT) the consequent existence of a second

|
|
|
|
|
|
I
|
1
|
|
|
|

LI B B B B e
T R I

—— DATA
MONTE-CARLO CALCULATION

f-
VECTOR T+ =0.5

PHYSICAL REVIEW LETTERS 27 JuLy 1964

EVIDENCE FOR THE 27 DECAY OF THE K,° MESON*

J. H. Christenson, J. W, Cronin,1 V. L. Fitch,I and R. Turlay§
Princeton University, Princeton, New Jersey
(Received 10 July 1964)

This Letter reports the results of experimental The analysis program computed the vector mo-
studies designed to search for the 27 decay of the mentum of each charged particle observed in the
K, meson. Several previous experiments have decay and the invariant mass, m*, assuming
served!’? to set an upper limit of 1/300 for the each charged particle had the mass of the
fraction of K,°’s which decay into two charged pi- charged pion. In this detector the K3 decay

The Alternating Gradient Synchrotron at BNL in 1959



Blue line:
given a PV, at t=0,
the probability of
finding a PO at t

Red Line:
given a P9, at =0,
the probability of
findinga PP at t

Phenomenology
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Phenomenology

Blue line:
given a PV, at t=0,
the probability of
finding a PO at t

Red Line:
given a P9, at =0,
the probability of
findinga PP at t
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“Gseillation ™

DO~ ""56-5)

Ratio of wrong-sign to right-sign rates: r! = cosd +ysind

Yy =ycosd — xsind

F(DO — KTn— t) 4 72 4 y/2 y 2
~ R VRpy | = |4 ~
['(DY — K—nt|t) D DY (7-> A -
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Search for CP violation

Measure separately the oscillation rates of initially
produced DO (+) and DO (=) mesons

33/2:|: _|_ y/2:|:

R* = R+ 1/ Rpy' "t t?

1
- x
/ CPV in mixing or interference

direct CPV 'F = |q/p|F (2 cos ¢ £ ' sin ¢)

_|_ -
Rp # Bp y'* = lq/pI™ (¥ cos ¢ T 2’ sin ¢)

Different offsets reveal CP violation in DCS decay,
different slopes reveal mixing-induced CP violation

19



Flavor at production

How do | know if a D9 or a D° was produced?

Profit from strong-interaction decay of D*(2010)+ mesons

| negatlve = DO

1
|

] posmve = DO gf

| —

- Sacrifice ~85% in sample size, but gain flavor information and
background rejection (because of the small Q-value)

20



The analysis in a nutshell

- Select WS and RS decays while suppressing all
possible backgrounds

- Determine signal yields in bins of decay time

- Fit the ratio of WS/RS vyields vs decay time to
measure mixing parameters

- Treat D™ and D™ decays separately to search for
CP violation

-~.A_'- > -
~ } J w ~

i e
igb. < -
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LHCb Preliminary
Run1+2015+2016 data
D’ - Kt

Signal: 789 million
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Silicon Vertex Locator:
20 um Impact parameter resolution,
corresponding to ~0.1T decay-time
resolution for a 2-body charm decay
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Silicon Vertex Locator:
20 pm impact parameter resolution,
corresponding to ~0.1T decay-time
resolution for a 2-body charm decay

Excellent tracking:
Ap/p = 0.4-0.6% at 5-100 GeV/c,
corresponding to ~8 MeV/c2 mass
resolution for a 2-body charm decay

Magnet

23
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c O 0O ALLK-m)>0
2 1.2 LHCb
o \'s =7 TeV Data m ALLK-m)>5
= 1
| 2
0.8
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RICH detectors:
K-1T separation in wide
range of momentum

Silicon Vertex Locator:
20 pm impact parameter resolution,
corresponding to ~0.1T decay-time
resolution for a 2-body charm decay

Magnet

Excellent tracking:
Ap/p = 0.4-0.6% at 5-100 GeV/c,
corresponding to ~8 MeV/c2 mass
resolution for a 2-body charm decay
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D*—DOo(—=Kr)rts signal vs backgrounds

backgrounds
: singly doubly 0
signal  misD mis-ID  multibody ra:]e(j‘(')r?q S+Oﬂ 3 random
2-body  (swapped)K  decays on tracks
decays 1 decays P
Kt
MAss {5185 19 1.8 185 1.9 1m 1.8*85‘1.9 {5185 19 1m
DOrts
Mass

501 2015 202

2.01 2015 2.02 7 2.01 2015 2.02

2.01 2.015 2.02 2.01 2.015 2.02

201 2.015 2.02

24



D*—DOo(—=Kr)rts signal vs backgrounds

backgrounds
: singly doubly 0
signal  misD mis-ID  multibody ra:]e(j‘(')r? S+Oﬂ 3 random
2-body  (swapped)K  decays on tracks
decays 1 decays P
K
MAss {5185 19 1.8 185 1.9 1m 1.8*857.9 {5185 19 1m
DOrts
Mass

501 2015 202 201 2015 202 201 2015 202 201 2015 202

2.01 2.015 2.02 201 2.015 2.02

Cut tight on PID and D% mass to reduce physics bkg and fit DOrts

mass, then consider only signal and random pions in the fit
24



Time-integrated yields
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Time-integrated yields
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constraining DYrts vertex to measuread |\/1(D°n+) [MeV/c?
position of primary vertex allows
mass resolution of ~0.3 MeV/c?
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Charm from beauty

- Once every 20 charm pairs a bb pair is produced. A large
fraction of 5 decays into D, mimicking our signal

+ Secondary charm have a larger observed decay time
because the B lifetime gets folded in

pp collision

- Introduce a bias that dilutes the oscillations
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= - ccondary cCays ]
Charm from beauty g 3505 :
'g 300;_ ------- -(IP) cut . _;
I(cj 2502_ ° —z
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Charm from beauty

x10°

- D from B have non-zero impact

parameter

"
-
-
“
d

- A pointing requirement reduces the

secondary fraction to 1-10% depending
on decay time

- A systematic uncertainty corresponding
to the maximum possible bias on the
miXing IS propagated to the result

- Contamination is charge symmetric,
effects on CP violation are marginal
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Peaking background

- Mass fits do not distinguish . . .
. data sidelband enriched In
between signal and backgrounds doubly mis-identified events
which peak in DOr1s mass

— 2r | N L B B
. Such backgrounds are highly = 2016 LHCb
suppressed by tight PID Z‘a’é s +§O E
Ao
1_ —

requirements and reduced DY mass
window

sideband
doubly mis-

N
=
T

-+

T

|

Dominant residual contamination is
from ~0.3% doubly mis-identified
RS events in the WS sample

O o
I I LI I LI
I

|

o

)
T T

~

S

- (Un)observed time-dependence is i
iIncluded as a possible bias in the fit
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Ghost soft pions

-+ Soft pions made of correctly matched
clusters in the VELO+TT and unrelated
clusters downstream of the magnet

- Correct direction, but wrong momentum,
cause a broad peaking structure at the
D™+ mass

+ Also the charge is wrong ~50% of the
times, which makes a RS candidate
become a WS

+ Suppressed to 3% of the WS signal
using a multivariate classifier based on
low-level variables associated with track
reconstruction

Oy
® U.
@ 0.2
§ 0.18
= 0.16
£0.14
20.12
5 0.1
c0.08
>0.06
0.04
0.02

. HCb simulation

1 Signal

Ghost pions
Random pions

140 145 150
Am [MeV]
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Instrumental asymmetries

- K+~ and K-+ final states are Chin. Phys. C 38 (2014) 090001
reconstructed with different 2 i T
efficiencies (mainly) because of 2
the different interaction cross 3=
section with matter of K+ and K- §

- Ratio of efficiencies constrained g

from external measurement of

Kinematically weighted

Cabibbo-favored D+ samples | 1 - "“1'02

0
lab momentum [GeV/c]

e(KTnr~) N(D™ - Ktn 7)) y N(DT — FOW+)
e(K=nt) NDOT > K-ntnt) N(D- — K% )
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Time-dependent WS/

RS ratio

~~
o
N~

RT[107]

)+

R [107]
P

*_
— CPV allowed - D

R*— R [107]

| difference
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Results

° W O rl d !S -tl g h-t e S-t b O U n d O n 7 LHCb rfa) CPV allowed (b) No direct CPV (c) No CPV

' ' ' VI 6F 1 } RN ]

CP violation in mixing ; x ; S\
3 RN Tooorecl W,

4 --D" 68.3% CL ¥ --P°683%CL }-osswCL hnY ]

1.00 < |g/p| < 1.35 @ 68%CL  —D°683% CL | —presanc | —os3% L

y' [107]

and on direct CP violation P —
N DCS decays % L LHCb

_ Rp - Rp

05F
— n = = (_01 + 91) ~ 10—3 CPV allowed
R} + Ry,

Ap

- Assuming no CP violation !
- 1168.3% CL
L 955%CL

Parameter Value -1
Rp 3.454 4+ 0.028 £ 0.014 T
Y 528+ 0.45 +0.27 -15753 " 15
7' 0.039+0.023 +0.014 lg/p!
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Impact on world average

Arg(a/p){deg.]

k\\\‘\\\‘\\\‘\\\“\\\‘\
1% 02 04 06 08 1

 —" ‘ o ‘ — ‘ L1 1 | l; ‘ H
1 -2 1 -4 1 -6 1 '8 . | | | | | | | | | | | | | | | | | | | | | | |
la/pl

Plenty of progress in the last few years, mostly entirely
driven by my measurements of WS DO—Kir decays
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&\; 1.2 % ................... ................... ................... CPV aIIOV!/ed
x Is the key

Avallable mixing measurements are
mostly based on decays to two- b
body final states Py ST A T I

E....|....;...| I boodoed l |I;. 50

These are primarily sensitive to y Y S RRTRIRTEEY

(6kn~10 deg) = x<0 cannot be ¢ 25
excluded

CPYV allowed

It Is crucial to Improve sensitivity on
x as CP-violation observables are _
proportional to x sing 10-

15[

Need more measurements with _____________________________ ﬁ _____________________________________________ 20
multi-body final states ; N/

_||||||||||||||||
%6 -04 -02 0 o.

| | | 11 | | | 11
04 06 08 1 1.2
X (%)
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PRD 89 (2014) 091103

Mixing with DO— KsrT+1T- (8927 Belle

Multiple interfering amplitudes enhance the
sensitivity to mixing and allows to measure
directly x and y

m?2 (GeVZ/c?

Ppo 6_Ft{|ADO |2 — Re [A*DOAﬁO (y + zx)]Ft} 1—_

Requires a time-dependent Dalitz-plot

analysis 1 2 3

Pioneered by CLEO in 2005, then followed m? (GeV?/c*)

by B factories with larger yields Fit type Darameter r—
Belle D9—Ksrr+rr-result represents the No CPV  z(%)  0.56 + 0.1970-03+0-06
best determination of x currently y(%)  0.30 & 0.1510:04+0.08
available CPV (%) 0.56 +0.197¢ 055 08

. y(%)  0.30 £0.1579:02+9-03
No precise measurement from LHCb yet 0.00+0-16 I

. : : lq/p —0.15—-0.04—0.05
(quite challenging at hadron colliders) arg(q/p)(°)  —6 4 1143+3
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upstream track

DO—Ksr+- at LHCb %7

N | VELO TT — long track
- Ks—rrtrr are difficult to reconstruct in LHCDb . downstream track
VELO track
. \/
- In the early stages of the trigger only Ks T-track
decaying inside the VELO (t < 0.5 1ks) can

be reconstructed

- Trigger relies mostly on the two pions from

)

5 T T
the DO decay = non-uniform efficiency AN LHCb £
over the Dalitz plot (which is also > simulation “*85
correlated with the DO decay time) % g
ke 2 0.6
- Gould be overcome using DO from semitonic ~ X&* | §
b-hadron decays (where the muon charge ?‘g 045
provides the flavor tag) = reduced efficiency
and larger background levels 1 0.2

- A time-dependent amplitude analysis is very
challenging at LHCDb, Belle Il seems much l
better suited for these kind of measurements

m2A(Ky7™) [GeV?/c4]
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[LHCb-PUB-2018-009]
[The Belle Il Physics Book]

Prospects with DO—Ksrr+r-

2018 2019 2020 | 2021 2022 | 2023 H 2024 | 2025 2026

LHCDb
Belle |l

&é y

- Projected statistical uncertainties

upgrade

assuming that LHCb can LHCb Belle |l

overcome the analysis challenges 9fo-1 23 fo-1| 5ab-1 50 ab-

and that the current Ks efficiency .

. . o(x)[%] | 0.05 0.02 | 0.08 0.03

IS kept during the upgrade

o(y) [%] 0.05 0.02 | 0.06 0.02

© Systematic uncertainties due to g(jg/p)) [%]| 4 2 7 2

the amplitude model are likely to o() [deg 5 1 5 1

limit the precision
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Prospects with DO—Ksrr+r-

[LHCb-PUB-2018-009]
[The Belle Il Physics Book]

2018 2019 2020 | 2021

2022 2023 | 2024 | 2025 | 2026

LHCDb
Belle |l

upgrade

&é y

 Projected statistical uncertainties
assuming that LHCb can
overcome the analysis challenges
and that the current Ks efficiency
IS kept during the upgrade

- Systematic uncertainties due to
the amplitude model are likely to
limit the precision

LHCb Belle |l Model

Qfb1 23fb1| 5ab1 50 ab-1| syst.

ox)[%] | 0.05 0.02 | 0.08 0.03 | 0.07

oly)[%] | 0.05 0.02 | 0.06 0.02 | 0.05
o(lg/p)) [%]| 4 2 7 2 6
o(¢) [ded] 2 1 5 1 4
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DO— Ksrr+r— with a model-independent approach

- Avoid amplitude analysis by
iIntegrating over Dalitz-plot bins
with constant strong-phase
variation

Ppo ox e ! [Fb — /FyF_y(cpy — sp :L‘)I’t}

Constrain hadronic parameters
(Cb, Sb) using measurements
with quantum-correlated DODO

m? |GeV? ¢t

S
N
—— :
|
S
1

+b5

o :
L | -——
|

[W—
|

[T T T

L

0-5-||||||||||||.|||lll
0.5 | 1.5 2 25

m2 [GeV?/c#]

F, = /\ADondmide_
b

bin number (b)

pairs, i.e. at CLEO and BESIIl ¢, _ s, / Ao Apodm? dm?
b
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A novel approach for measuring
charm-mixing parameters using
D — Kg'u " decays

A. Contu!, A. Di Canto?, J. Garra Ticé?, T. Gershon*, N. Jurik®, M. Martinelli?,
S. Stahl?, D. Tonelli®

LINFN Cagliari, 2CERN, 3 University of Cambridge, * University of Warwick, ® University of Oxford,
SINFN Trieste

Abstract

We propose a novel method to measure charm-mixing and CP-violation parameters
using D — KJntn~ decays. The approach does not require a fit of the decay
amplitudes and achieves an efficient suppression biases due to nonuniform decay-
time acceptance. We fit the ratios of signal yields observed in regions of the

New idea, to be submitted for publication soon
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Sin-flip method

Inspired by the WS DO—Krt o e o
analysis: ratio of events in bin —b [PRL 105 (2010) 081803]
to events in bin b to suppress T e pos ki 21 a2
effects due to non-uniform . - o
efficiency variations g N1 g N 160
2r : 140
Ry %rb+\/r7b[(1 —1rp)cpy — (1 +7p)s8p a:]Ft H;_ Bt * 1(2)2
i &0
Model-independent and i — e . T
(ootentially) completely data driven 0sf l/l/.ClIl-' KT 20
0.3 ] 1.5 2 2.3 3
Comes with the price of degraded m? [GeVict]
sensitivity to mixing effects from ry, = Fo

CP-even/odd amplitudes
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Sensitivity study

+ Generated 1M signal-only D9—Ksrr+r- decays using the BaBar amplitude
model and compared sensitivity to x and y with different analysis methods
(all other nuisance parameters fixed)

Analysis method o(x) o(y)
Model-dependent 0.11% 0.10%
Original model-independent  0.20% 0.18%
Bin-flip model-independent  0.15%  0.29%

- Bin-flip method gives better sensitivity to x than the original model-
iIndependent method

Fit mixing parameters separately for D0 and D° decays to search for CP
violation

r — xT =xzcp = Ax
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Sensitivity study

Pull Residual o Residual
: [107] [107]

Pull o

<
b

=

|
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i

g
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—_
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|
=]
—_

p—
—
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0.9}

p—
in
LE L

9 oot b ﬂxﬂ}}ﬁﬁﬂ)t++¢+{++{+

tb#ﬁﬁ#“’ ------ TR 3K T S goooggobegeod .

i S B L S ot
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Xcp

NM_ WM LM WCP MCP NM_ WM LM WCP MCP NM_ WM LM WCP MCP NM_ WM LM WCP MCP

NM = no mixing, WM = world-average mixing, LM = large mixing
WCP = WM + world average CPV, MCP = WM + CPV in mixing only

10.29%
10.15%
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Releasing the nuisance parameters

-+ S0 far shown results when only x and y are free to float in the fit,
out in real life one would need to fit also for r, ¢ and sk

Fit configuration o(xcp) o(ycp) o(Ax) o(Ay)
Ty, (Cb,Sb) fixed 0.15% 0.29% 0.15% 0.29%
ry, free, (cp, sp) fixed 0.21%  041%  0.15% 0.29%
ry fixed, (cp, sp) constrained  0.16%  0.30%  0.16% 0.31%
ry free, (cp, Sp) constrained 0.22%  043% 0.16% 0.31%

- Uncertainties on the external inputs from C
marginal impact on the results (with CP-vio
oractically unaffected) with O(1M) signal yie

_EO (c», Sp) have a
ation parameters
ds

BESIII has already ~3.5x CLEO statistics and expects to collect at
east a factor 3 more within the next 2-3 years (10 fb-1 in total)




—Xpected impact on world average

Assuming a bin-flip analysis with 5-50M signal decays
(.e. ~5-50ab-1 of Belle Il data) and improved BESIII
measurement of (Cp, Sp)

~.0.01

0.008

0.006

0.004

0.002

| [ ] Current world average
[ ] + bin-flip SM
" [ + bin-flip 50M

~ contours hold 68%, 95% CL

I R L1 L1 Lo
-0.002 0 0.002 0.004 0.006

I R R
0.008 0.01
X

contours

hold 68%, 95% CL
1 1 1 | 1

| T T T
] Current world average

- [ 1 + BinFlip 5SM

O+ BinFlip 50M

-04

02

04
lg/pl-1
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Final remarks

- Quark-flavor physics allows to explore some of the deepest questions at the
intersection of particle physics and cosmology

- Focused mostly on charm because of its unique reach

- The SM didn’t crack... but I’'m contributing to further its understanding
(while having quite some fun)

- Keep pushing the reach with novel measurements and ideas

- 10x more precise results at Belle || and LHCb in the next decade may
reveal unambiguous signs of beyond-SM physics

- Time seems particularly fitting: LHC expected exciting high-pT physics and
poring flavor physics. Looks like it’'s going the other way around...

-lavor is more compelling than ever. Our best (only”?) probe for 10-106 TeV
energies in the next decade and beyond






