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== CHARM’15 Experimental Program

1. Production
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, Heavy flavor production in AA/pA  Dainese

Au-Au high-pT suppression:
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Heavy flavor production in AA/pA

Dainese

Pb-Pb collisions,

®

p-Pb, no suppression

Pb-Pb, significant suppression
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== CHARM’15 Experimental Program

2. XYZ Quarkonium
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BESIII Results for X/Y/Z

Kornicer, Lyu BES]]I
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® BESII Results for X/Y/Z

Kornicer, Prasad BES]]I

ete— ymtm J/ reconstructed at Egy, = 4.2-4.6 GeV
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% BESIII Results for X/Y/Z womicor s BESIIL

e"e— y 'y, reconstructed at E,, = 4.2-4.6 GeV  X(3823) candidate
consistent with
Reconstruct g, — yJy— y Il v(1:D,) — vy,
look for zZzrecoil

" i % — ee —»nn X(3823) »ntnyy,
> 3 ,orData-ll BESI[ ="
i 5 3 ¢ preliminary S.M -
g g Cross-section v.s energy
& & 10 o 25
= - -+ data
5 —
N b b Ll Lt o 2F —Y(4360)
0 iy o iy gt el B
36 37 38 39 ? " B'ES]]I . ---y(4415)
M) eV 2 1.5F preliminary A
L % I - AN
& F ; \
§ g % 1 i
2 > @ /|
2 £ < - /
i i 5 05 ] ‘/ \x .
5 a 5 = S BT BT B B
5 % IRRINAR e, 4 | Syt e dh 2 s AP0 I% b 9% 2P0 4 0 b ID 4'2 4‘3 4'4 4'5 4'6
T 36 3.7 38 3.9 E.., (GeV)
M) (GeVic?) M@ ) (GeV/c?)

Line shape consistent with both

M = ‘ ‘ 7 MeV, lgni A
3821.7 £ 1.3+ 0.7MeV, significance 6.7 Y (4260) & Y4360

I' < 16MeV at 90% C.L.
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V Belle Results for X/'Y/Z

D
o

BELLE

Wang

Upper limits of B(B* — KT X(— nch)) (x107°)

Decay mode Yield UL
Search for X, Z— n, n(w) decays x(se72) | mem T 179£165 | 3.0
=> nothing seen ew 604125 | 69
X(3730) Nnen(y7y) 13.8 £9.9 46
nen(m 7~ x0) 1.44+1.0
X(3730) Nerd —25.6 £10.4 | 5.7
X(4014) 1en(77) 89+£11.0 | 59
nen(m ™ w0) 1.3+£1.6
X(4014) nem? —8.1+13.2 | 1.2
Upper limits of branching fractions at 90% C.L.
Resonance | Decay mode | B(B— K+ R)
Z9(3900) L 4.7 x 10—>
Nem™ T
Z9(4020) 1.6 x 107°
—5
X(3915) Nen 3.3 x 10
N 1.8 x 107°
A. J. Schwartz Experimental Summary CHARM 2015 Workshop 10




D

_ Belle Results for X/'Y/Z Wang Nz

Unbinned simultaneous maximum Iikelihpod fit for
Y(4360) and Y (4660): Amp = BW; + €'¢ - BW..

77— T T T 1 - 1 "~ T " T ]
% 20f T J /Y el ©®l  both;modeg, 1
3 | @ 13 3 | -
= 15[ [ S - = 20- 3 Y .
o r o i o L
Nt Nt N L
8'of 85 8 I
= ol £ 10
w 5r w | w [

N 0 S SR
M[x Ty (2S)] (GeV/c?) M[x y(2S)] (GeV/c?)
My (4360) (MeV/c?) 4347 + 6 + 3 measurement
[y (4360) (MeV) 1034+ 9+5 _ _
B F‘f,L%EO) (eV)  92+06+06 10.9+0.6+0.7 @ No obvious signal above
My (4660) (MeV/c?) 4652 + 10 + 11 Y (4660).
FY(466+0) _(MeV) 68 =11 £5 @ Some events accumulate at
B - T 4ge0) (€V) 20403+02 81+1.141.0 Y (4260), especially the
o (°) 32 4 18 + 20 272 + 8 + 7 7r+7r—J/¢ mode.

2 _
x~/ndf =18.7/21. including Y(4260) in the fit gives 4

solutions, changes Y(4360), Y(4660)
masses/widths by 8-20 MeV
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D

~ Belle Results for X/'Y/Z Wang s

. , Other cross sections from ISR:
ete™ — 7 ¢(285) cross section is calculated with

. bke . PFLHO, 252002(2013
| n;) s n; o || L felle_
o] = »CIZ 2B, g |||||||ee - d/
where j indicates the mass bin and j indicates the )(2S) L ||H|| ||| | ||| |
decay mode. i || |||| ||||{| HH iHiHm{*HH hy Wi

‘0'& T peaks ~ 75pb!  “* |

& s | :

ECE“ h arXivi1410.7648ELLE " | pPRD87,051101 (@01 3:»

= 50 | | ] S st N .

= | i Hl ; = "h il lete — mdrw

? 25 l| “ |+H + |H+ __ i 5o| } }

'+cD | + b + 5 %

% 0 “H’.HH} } __+1 + I{LH }ﬂ+ i{ H+1L+ +f+++? 0 H\ H .+{. ##.{1*”.%. *{.:thx_?“ﬂljwm*
4""415"'5"'5_.5 @ -

Vs (GeV)

The o(ete™ — nrn—J/y) at Y(4260), o(ete” — nTn4(2S)) at
Y (4360) and o(ete~ — nd/y) at 1)(4040) are almost the same!!!
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D

- . Belle Results for X/'Y/Z Wang Nt

Search for structure in Y(4360)— y(2S)n*nw decays = Z,(4050)?

An unbinned maximume-likelihood fit is performed on the distribution
of Myax (7510(2S)), the maximum of M(r*+(2S)) and M(r—(2S5)),
simultaneously with both modes.

00—
o J e -
- ]

-

—
o

o

Entries/20 MeV/c?
S
|

o
1 11711
]

4 4.1 } 4.2
M__ [my(2S)] (GeVic?)

@ M = (4054 + 3(stat.) & 1(syst.)) MeV/c?
@ [ = (45 + 11(stat.) &+ 6(syst.)) MeV
@ The significance is 3.5¢.

No structure seen in Y(4660)— y(2S)rx*x decays
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D

=% Belle Results for X/'Y/Z Wang, Bhardwaj et

B%> X(3872)K*m 116119
 X(3872)
?‘5 100 %
z 3 B(B — X (3872)KT) x
s s B(X(3872) — J/ymtm)
E g (7.9£1.3£0.4) x 107°
N TR | , ,
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30;— ®) ][/
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il
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Fit Kn invariant mass
with K*, K*, and Non-
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from signal MC
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o
.

B(B°— X(3872)K*(892)°) x B(K*(892)° +K*7~)
B(BY'— X(3872)K+7-)
= 0.34 + 0.09(stat.) + 0.02(syst.).

Events/ (0.1 GeV/c?)
(V]
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S
[
|

h
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Production cross-sections:

J /4 differential, prompt & non-prompt
T(1S) fiducial

T(nS) differential

Xc1,c2 differential, prompt & non-prompt
(2S) differential, prompt & non-prompt

Spectroscopy:
XbJ(nP); xps(3P) first observation
Xp — 77~ T(1S) search

Associated production:
prompt J/1) in association with W=
prompt J/4) in association with Z°

A. J. Schwartz Experimental Summary

: u Quarkonia Studies at ATLAS Yabsley

NPB 850, 387 (2011)
PLB 705, 9 (2011)
PRD 87, 052004 (2013)
JHEP 07 (2014) 154
JHEP 09 (2014) 079

PRL 108, 152001 (2012)
PLB 740, 199 (2015)

JHEP 04 (2014) 172

arXiv:1412.6428 — EPJC
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Entries / 50 MeV

Quarkonia Studies (X,) at ATLAS Yabsley

Combine Y with ziw, plot mass spectrum in

T LI II T T T T LI T ] T T T LI II .
107l;r ATLAS Preliminary T amus o 1;] 2x 2 x 2 bins of (|y|, py, cosg”):
E n B = 2mus_Jpsimumy E
10°g e 7000
E I EF_mu4mu6_Jpsimumu o > 7 T T T T T T T T T ]
o = P Bmum . % - ATLAS \s=8TeV, 16.21b" .
10° = L 7
- E o 6500 ]
I~ N ~ - —
10* 5 0 .
= 3 Q i ]
: - £ 6000} -
10° = o n :
= 3 © N ]
= = — e 2012 Data
. ) & 2900 = Toral Fit yl<t2  ® 8
E \s=7TeV f Ldt~231b ] O - — Background Component  , .20 GeV A
C h T ]
1 1 L1 I 1 1 1 1 11l I 1 1 1 1 ) N | I 2 5000 r - Slgnal Component COSG*>O __
1 10 10 C N, = 1390 +/- 210 .
My [GeV] 4500_ \ . . L . . I ]

o excludes R = oB/(0B)y(2s) = 6.56% throughout search range
o cf wmip [CMS, JHEP 04 (2013) 154]: (08B)x(3s72)/(0B)y(25) = 6.56%

e if X, exists, relative production o/o5s or branching B/B;s,
or both, are weaker than for X(3872)

@ an X, is not in general a carbon copy of the X(3872):
o X(3872) is within sub-MeV resolution of D°D*? threshold
e even a molecular Xj, is bound by tens of MeV
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== CHARM’15 Experimental Program

3. Hadronic Decays
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Dalitz Plots Analyses @ BaBar Palano

®* n.—=KK'mw
* n,— KK ...but very different behavior than that
® J/w — g a0 measured with other data:
* Jy —-KKa
LASS (K:r scatt. ) E791 (D" —=Kmtm)
Model-independent Dalitz plot analysis: T Mo 1< F ) ]
fit independent magnitudes and phases z f f 12 % |||
. . < osf A * < 25 | 2 3
in 30 bins of mass g ) R ‘ s L K: ;
S 06F i < ]
2 *ﬁ b *i*m '||II|I| ok ;
— K. K‘'w n,—K'Kn e o4p ! = E LT E
N S - R E b I || IIH ;, .ﬂ |1|||||||. E 05; ™ ] 3
| :

_.
— 3]
~ ]
o
= A

]

———]

Phase

w

W
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~ 1

o ]

= 1
—
-
—
-
-
-
L
-
9

->

-

-

e

->

W 12 4 oi
S 082— ﬂ jﬂ% 25 # #‘HH*#& ' " mKn) GeV/{:2 ' " m(Kn) GeV/é
éjj; ﬁi l%# ; iﬂ{g + ]l : 15_ ; t*ﬁ ﬁ _ Héf 22: (C) | Il “ IH“I § z: “HH*H”
] A I 1 I
o W s IS h’foﬁi el 4 g CF *l |||| i \4 |
OOIS. A i s .1||.5. s .é s .2|5 0015. A il s .1||.5. i .2| PP .275' 155- l . l = —g
m(Km) GeV/c? m(Krm) GeV/c? ' o4t 'I} o 'li ol I*“ O'Z: | Ii fﬂh’ :
= good agreement between samples, O mi* o ' X
Cloar KO(1430) resonance AU | 30 S
_ mKmGeViee _. m(Km) GeV/e?

A. J. Schwartz Experimental Summary CHARM 2015 Workshop 18



= .‘ Dalitz Plots Analyses @ LHCD

Palano %

~ T | R
O DVYr~ fit projection (arXiv:1503.02995). >
* LHCb (a)
Y _ 1 g 350 « DX (2460
B—D K 2 5(2160)
=
o <
BO > DO JUIU Resonance Fit fraction = 250
“ 200
® R0 DOK+g D (2400)° 8.3+26+06+ 1.9 £ 150
* 0] =)
PY 0 - D3 (2460) 31.8 £1.54+ 0.9+ 14 3
—_— 7[' 100
BS DK D*(2760)° 49412403+ 0.9 § 5
S-wave nonresonant 38.0+7.44+£1.5+£10.8 0f
P-wave nonresonant 23.8 +£5.6+2.1+ 3.7 2 3 4 . 5
m(D*) [GeV]
D (2007)° 7.6+23+1.3+ 1.5
B’ 3.6+£1.9+09+ 1.6

(%

B*— X(3872) K", X(3872) —=J/y p” 1011 events, 80% purity, fit decay

distrubution for different spin-parity assignments = J°¢ = 1**

9 Jall=o-+ ! ! PC_ AR Ja|t=6++ F"C_ A N . JP'C=0-+ JPC'=0++

; X J =1 1 X J =1 3 80k LHCb . -
S 200f - . £ 60 + + .
£ o1 ; =B -+ - =
1 I it St gttt e
i { 1 a8 O 20 . 3
'Eg ' J;:":'If+ ' IJPC=1I+'I" T ' ' T ' 1 g sol- JPC=1-+ 1 JPC.=1++ i
= 123

5200 T LHCb 3 fb™! - 3 6o 4 -
£ T 1 2 40 hl—¢+*_*‘+——' .
g {n 1 t=-2m L(J;")/L(1++) 1 & L -+ -+ ﬂm

1 T - -
0 : Talt_at PG s Pt WPC s N o ) j o
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=¥ Other Hadronic Decays

SCS decays: PeChyaces This work PDG value

. Dt —» wrt (2.74£0.58 £0.17) x 1074 < 3.4 x 10~ at 90% C.L.

Wiedenkait D% - wr? (1.05+0.41+0.09) x 10~% < 2.6 x 10~* at 90% C.L.
Muramatsu

Dt 5 gt (3.13+£0.22+0.19) x 10~° (3.53+0.21) x 10~°
BGS]I[ DY —» np=x% (0.67 +0.10+0.05) x 10~3  (0.68 £ 0.07) x 103

-BF(Ds* — n’ X) = (8.8%+1.8+0.5)%, consistent with
PDG =(11.7£1.710.7)% within ~10.
-BF(Ds* — n’p*)/BF(Ds* — K*Kmt*) = 1.04+0.25+0.07 or

BF(Ds* — n’p*) = (5.8+1.4+0.4)%
PDG = (12.5%£2.2)% from PDG,

BF gata(D° — Ke K"K ™) =(4.622 + 0.045 (stat.) + 0.181 (sys.))

Sokoloff B- sample: B sample:
%2507 **0 ' : [ ABAR Preliminar
Fully reconstructed B - ° (26820 ot i268°) BABAR Preliminary
tag, plot p of recoil K : b™(2420) D***(2420)
see B-— D**0(2680) K
but no B"— D" (2680)K 0

e
©
N
©w
N
N
2
N[
N
N
w
N
»
N
o
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== CHARM’15 Experimental Program

4. Semileptonic/leptonic decays
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Semileptonic Decays an, ma BESII

Taaa T3
Il non-signal D* bkg ]
I other bkg <

In the study of D* - K~ *etu,:
— Branching fractions are measured:
Br(D* - K~ ntetv,) = (3.71£0.03 £ 0.09)%

Br(D* » K™ m*e*v,)j081] = (3.33 £ 0.03 £ 0.08)%
— Amplitude analysis is applied:

Events/ 0.02GeV/c?

06070809 1 111213141516
my(GeV/c?)

* Fractions of the K components are analyzed. S-wave contribution is observed to be
(6.05 + 0.22 + 0.18)%.

U = Eniss — |ﬁmiss|s Emiss = Epeam — Ew(¢) - E,

= - > — 3 2 2
Priss = _P’tag - Pw(¢) -k, P’tag - Ptag Ebeam —mp
°

In the study of DT - w(¢)e+v . lJ distribution for the D* - w(¢)etv, decay:
e .

— Branching fractions or upper limits are provided:
Br(D* -» we*v,) = (1.63 +0.11 + 0.08) x 1073
Br(D* - ¢etv,) <1.3x 107> (@90% C.L.)
— Form factor parameters in D* —» we* v, are first measured:

ry = V(0)/A4; (0) = 1.24 4+ 0.09 + 0.06; r, = A,(0)/A; (0) = 1.06 + 0.15 + 0.05 -~ veey -
* Inthe study of D¥ - K e*tv,: : J: TEREE. ] @ T i
— Branching fractions and CP assymetry are measured: . . e ;&%“’ Kon b
B(D*— Koe*v,) = (4482 + 0.027 + 0.103)% A2, ~¥1°™e = (—0.59 + 0.60 + 1.50) ! SN o T I
— Form factor related parameters are also measured: '_‘ &IU gfﬁ} ] o
FE(0)|V.5] = 0.728 + 0.006 + 0.011, 7, = a,/a, = 1.91 + 0.33 + 0.24 " eovi " cevd
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Events in 2 MeV/c?

=N Semileptonic Decays Oyanguren

e Signal events selected in dm=mg.,-m,

8]
(=]
(=]
(=]

Iignél{ sideband " sidebbind2 | ' )
data after first ~ 10000 candidates
i © ° kinematic fit i 50 % background
o BAB * ety find! ] B(D® - 1~ et,) |
. ADAR ] T € Veldata :
Rp = = 0.0702 £ 0.0017 £ 0.0023
2000 I D B(DD . K_?T+)datﬂ

347.2 fb?

=5 non peaking |
| e ]
- light + tau |

s Sses PDG 2014 : BR(D°>me*v) = (2.89 + 0.08) x 10
0 f it e e e e e |
0.15 0.175 0.2 0.225 0.25 0275 0.3
111(D0It)-111(D0) (GeV f"cz)

from z expansion
normalization:

Using the world average for BR(D°—K t*):

1000

B(D' = 1 etv,) = (2.77040.06840.0924-0.037) x 103

Vea| L p(0) = 0.1374 & 0.0038.¢a1. & 0.00224y¢. £ 0.0009 0.

PN

Veal = |Vaus| = 0.2252 £0.0009 —— |fT 5(0) = 0.610 % 0.017 =+ 0.010 =+ 0.005

fI p(0) = 0.666 + 0.029 > |[Via| = 0.206 £ 0.007 ey, £ 0.009 00D
7 Lattice average (arXiv:1310.8555)

D,

2 2 .
dF(B—>7z€V)/de g@LMB ‘ 1) From Lattice Vool = (3.65 £ 018 £ 0.40) x 107
dF(D —> 7t V)/ dWD Vd MD 2) From a phenome- B /

nological model

Experimental Form factor ratio=1.8 + 0.2
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D .
Leptonic Decays Eidelman ma BEDS.

http.//www.slac.stanford.edu/xorg/hfag/charm/index.htmi:

HFAG-charm HFAG-charm
D+ —> €+ Vv D — v e 0.219 £ 0.005 == 0.003 -
+ + CLEO-c —e—— 457+12+0.4
D"— utv
| D — mlw, [ 0.214 + 0.003 = 0.009 |
+
D — 1ty
| Average o 0.219+0.006
BESIII | o 464419406 | :|. PR - -
FvN —e— 0.230 +£0.011
Average | —e—i 459+10+044 |
- Indirect [ 0.2253719:999¢8 |
| | | | | | | | | |
40 42 44 46 48 50 52 54 0.15 0.2 0.25 0.3
fp| Vea| [MeV] | Ved|
HFAG-charm
CLEO-c [- —e—i 2508+90.8+48 "D, = tvy We—H  1.008 +0.018 % 0.011 |
+ + BaBar | #vi H—e—H 2589 +7.7+82
D" —etv Belle|  WeH  24314£64%49
S o (eyr —e—i 2461+1090+54 | D= Ky,  —te+—i 0.975 + 0.007 + 0.025 |
D+ — M+V CLEO-c [-7(mvr —e—2714+168+52 |
+S T (o)r H—e—i 2504 +123+57 N
5 ey R 2407+ 123 + 16.1 | | [Average H-e—H 0.998 +£0.020
D S TV BaBar| . et 2364+ 11.1 £ 13.1 | Ds = brg + D = Ky
r(evr H—e—H 247.4£7675
Belle |~ 7(wvr ——c—H 2585 +£82M77 | o
r(mvr H—e—H  26241+93702 | W — cs 0.9474% +0.13
Frvn e 2490+45+36 | |
Average |- Tvr HoH 251.4+40+41 | 1. 3. 0.973395+0.000095 |
s e 2506431433 Indirect ¢ —0.000176
| | | | | | | |
200 250 300 350 085 09 0.9 1 1.05 1.1 1.15
fo,| Ves| [MeV] |Ves|
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== CHARM’15 Experimental Program

5. Rare/forbidden/radiative decays
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® ] HCb Rare/forbidden Decays

Gobel, Vacca %

D= uhu

B<6.2x 102 (90% CL)
[~100x above SM]

l)Jr(s)e '7-[+Au+1u-

[~10x > NP]

D’ — mrmwut

B<55x107

(90% CL)
[~100x above SM]

A. J. Schwartzg

Candidates / (5 MeV/c?)
i = e
S g 28

=2
=

Candidates / (0.5 MeV/c?)

Candidates / (5 MeV /¢

:zz: (a) LHCb

+W+ f ++4“§
woF ¥ E
20 —++++ —

Candidates / (10 MeV/c?)

g,
1850 1900

A

LHCh

Candidates / (5 MeV/c?)

=

1850

Candidates/(5.0 MeV/c?)
S = M W e oS -~

1950 2000
mim ) [MeVic?]

P
145

150
Am,., [MeV/c?]

B(DT — mtutu~) < 7.3(8.3) -
B(D — ntutp~) < 4.1(4.8) -
B(DT — 7~ utut) < 2.2(2.5) -
B(DS — m—ptpt) < 1.2(1.4)-

1900 1950

mr ) lM Vied]

1950 2000
mimrptu) [MeVie?]

: 1900
m(mr T ) [MeVie?]

Am = Mrrppr — Mrrpp:

F T T 3 o 10 T l 4
250 < mip P} < 525 MeVie? LHCh E § 565 < m{p) < 950 MeVic? LHCh ]

P W L

1 = 8

3 ST &

3 w T

E ~ O

ER

E 2 r

1 24

E = [

- = 3

1 3z

o=

Experimental Sﬁmmary

1900
M) [MeVie?]

— = ]
L = i

Candidates/(5.0 MeV/c?)
=

= =
T

T
F 950 < miup) < 1100 MeVie?

LHCh

m(mt T ) [MeVie?]
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1950 gU’JU
"y [MeV/c?]

1078 at 90%(95%) CL
10~7 at 90%(95%) CL
10—8 at 90%(95%) CL
10~7 at 90%(95%) CL

a 1
= o mie) > 1100 MeVie? riicw 3
() ]
= @ 3
= 4 3
v ]
7o 1
b=} :
= 2 =
Z

o3

D

1850
Tk AT ) MeWr?]
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D*— K*ete  D*— Ke*e* S
D'— ntetes  D'—metet £
=)
B(D" =)\ [x107%] Ktete™ K etet nfete” mete™
CLEO 3.0 3.5 5.9 1.1
Babar 1.0 0.9 1.1 1.9
PDG 10 09 11 11 AR L
This work 1.2 @ @ 1.2 o0 005 o 005 olo Mol 005 o000 * 005
world’s best AE [GeV]

arXiv: 1505.03087

-
™

DY—yy (2.9
B < 3.8 x 106 (90% CL)

tag side

-
3]

-
o

- =] -]

world’s best by BaBar (2012):
B<2.2x10° (90% CL)

Number of events/0.002 GeV

A

Belle result this summer
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== CHARM’15 Experimental Program

6. T Violation
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T Violation @ LHCD Martinelli % (see also Bevan)

F(CT > O) — F(CT < O)

D= K*Katmw  Cr=px.,” (P, XP,)  Ar
DO—>K+K'.7'6+J'E' CT = pK-* (pﬂ- X pn+) f_l F(—CT > O) — f(—UT < 0)

pK+\ pj'[+xpﬂ,'-

T-violating asymmetry:

o1 ]
alp®d = §(AT — Ar)

pﬂ"‘ pn_ R. Aaij et al. (LHCb Collab.), arXiv:1408.1299. +0.0018 £ 0.0029 + 0.0004
P.del Amo Sanchez et al. (BABAR Collab.). Phys. Rev. D81, 111103 (2010). (+0.0010 + 0.0051 + 0.0044

J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). +0.010 £0.057 £ 0.037
+0.0017 £ 0.0027

http.//www.slac.stanford.edu/xorg/
hfag/charm/index.html|

7T+ AT viol. = |

J.P. Lees et al. (BABAR .). Phys. Rev. . (2011).1-0.0120 £ 0.0 0046
J.M. Link et al. (FOCUS Collab.). Phys. Lett. B 622, 239 (2005). | +0.023 +0.062 +0.022
-0.0110 £0.0109

AT vio.= (At - ADI2
B AR -0.0136 £ 0.0077 £ 0.0034
J.M. Link et al. (FOCUS Collab.), Phys. Lett. B 622, 239 (2005). | -0.036 +0.067 +0.023
COMBOS average 00139+ 00084
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S T Violation @ LHCb

Three Measurements @ LHCDb:

1. Integrated

I Zodd — (1.8 & 2.9(stat) & 0.4(syst)) x 1072

2. Bins of phase-space
No significant deviation from 0 observed
CP conservation tested with P(x?)=7

3. Bins of D? decay time
No significant deviation from 0 observed
CP conservation tested with P(x?)=83%

A. J. Schwartz

Martinelli %

& 10:' T T |
g 8E LHCDb
3. o
&'@% 4_ ‘
2F ] I ||
3
S
-4F
_62_ w*/mdof = 26.4/32
B O R R
Phase space region
o 10— T
= 8 (c) LHCb
3 6
L
2.
()J Lﬁ{m{_. ......... b =
2t
At
6l ¥>/ndf = 1.3/4
_8J/.I...I.......
-1 0 02 04 06

D’ decay time [ps]
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8 7T Violation @ LHCD

Martinelli %

Note that A; does not vanish: p :

Ar(DY)
Ar(DY)

(—71.8 + 4.1(stat) & 1.3(syst)) x 1073 o AN
(=75.5 4 4.1(stat) 4 1.2(syst)) x 1073 S

Local asymm

— 40F
o

S 305 LHCb OF

10? '

L

Phase space region

S T T T T
_ * o -
CT = Pk (pn+ X pﬂ-) :Fz o

-5

-

]

-8

9

-10]

. -11]

But we wouldn’t expect it to due to substructure: g b/ L
p° decay time [ps]
Kscut P

~ 3000 ] g 10000gr————T——— 1
N-§ 5 l (2)] S 9000 (©)]
5 2500 . o 8000F , -DUC >0) 3
2 e : = Jo0of €0 3
o - 7 S E ]
= o D(C_<0) S : < 6000 °DY(C,<0)
= 1500F ! o E > 2000 ;
? : o 8 4000F 3
5 1000f os” ¢ 3 S 3000F w0 3
2 : o o™ . ] S 2000F 3
2 S00f it © S 1000f, ey, .
A A L % T S,
0 " o 03 1| 1.2 1.4 1.6
m(rn) [GeV/e?] mEK) [Geviel]
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etries up to 30%

S 30f LHCb (b)]
£ } bl
E I I . E
103* i ; E
oF E
Eoeeen *}. { _____ f.}.f....i
-10F oy oH 47
20fp th f H
sf b b
740:‘ L ‘i‘ P B % i
0 10 20 30
Phase space region
q’—"z— L B B B
S A3 (b) LHCb
— 4
< -5
-
-7
-
-11
ol e L
-1 0 02 04 06 4

D decay time [ps]
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== CHARM’15 Experimental Program

7. Mixing and CP Violation

A. J. Schwartg Experimental Summary CHARM 2015 Workshop

32



@ Charm Mixing + CP Violation

3+1 new measurements:
® BESIyp

* CDFA,
® [HCbA,
® CLEOc D’— ntmra’is CPeven (Libby)
(K~ nt)
Yop = —~ — 1 _ :
T(KtK™) = (la/pl+1Ip/al )ycosd — (la/pl — |p/ql )z sin¢

r(D°—>K+tK~) — 7(D°—K+K-) = (la/pl—Ip/alJycos¢ — (la/pl+ Ip/al Jwsing
T(D'—-K+K-)+7(D°—>K+tK~)

Ap =

Albayrak BGSI

Cepe = T(1 % yep) Decays used in the analysis
, | | | CP+ KYK=, ntn~, KdnOn0
Branching fraction of a semileptonic decay cp— K970, K0, K%
Bpepy—1 =~ Bp_i(1 F ycp) Semileptonic KFe*v, K¥utv

1 (BDCP_—>I . BDCP+—>I>
4

— Yo~
BDCP+—>I BDCP_—>I

Yop=(-2.0 1.3 20.7)%
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” _ Charm Mixing + CP Violation

Fit for signal yield in 30 bins of decay time: Y T mero 3
L az00f R 0.02f- — CP violation allowed
§ 2000-— * Data —~ Eoo s e No CP violation =
§ 1800 ;Qgﬁmultibody § OE + * + E
T 1600 I Random pions Z -0.02— | -
g taoof- - Ty 1 .
5 ook D" 5B KK 0.04- + 3
N(E),, —N(E), N

:Zz: ACP (t) = 2 0.04;— (b) I Y l ‘ —;
= M + NI, :
0 .005 2.01 2.015 2.02 ’E 0:_ ]
D'r; mass [GeV/c] % 0,02 ;_ + * }:l lH*}f } + % % __
-0.04F [ $ k =
A ()= (-0.1£1.8(stat.)£0.3(syst.))x10°  ser ;
A; (KK)= (-1.9+1.5(stat.)+0.4(syst.))x103 e
<A>=(-1.2+1.2)x103
Reichert, Naik % & 1sftHey 7 4bw ] & ssprhce T [Fba
d oo R g SR
' I il :
A 28 5 D20 0 : =5 0 - ] !‘u‘.’.[ s B =
F(K 1 ) o (_0134 == (DR _0.034)% i g ij 1{] IT -------------------
5E -5 o 3
Ar(nTn™) = (—0.092 £ 0.145 12925y 1 2 N SN R L S
r(m7m) = ( Z0.033) 70 IR S YA ; E o»«.-n-.n':nl-_—rl-__- . . ;
0 1000 2000 3000 4000 300 "0 1000 2000 3000 ~ 4000 5000
t [fs] t [fs]
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8 154G Global Fit

Input these results into HFAG fitter. Other results since CHARM 2013:

" Belle 976 fo'! D'— K*x
" Belle 921 fo' D'— K.t
" LHCb 3" Acp(KK) — Acp(im) with B'— DOu X tagging

Results: (http://www.slac.stanford.edu/xorg/hfag/charm/index.html).

CPV allowed

CHARM 2015
60r

Arg(a/p) [deg.]

Aa ('"",';

........

LD X

Cuntours contuin 685, %%, 4% CL R

-0.005 0.000 0.005 0.010
i
”( P

acp™ = (0.058 + 0.040 )%
Aagpdir = (—0.257 + 0.104 )%
p = 0.018 of no CPV

06-04-02 0 02 04 06 08 1
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.....

Results (fit 41 observables for 9 or 10 parameters::

— HF AG Glo bal Fit htio:/iwww.slac.stanford.edu/xorg/hfag/charm/index.html

Parameter No CPV No direct CPV CPV-allowed 95% CL Interval
in DCS decays
z (%) 0.49 *0 13 0.44 7012 0.37 +0.16 0.06, 0.67]
y (%) 0.61 +0.08 0.60 + 0.07 0.66 F9-07 0.46, 0.79]
S (9) 6.9 797, — 11.8190. [—21.1, 29.3]
Ry (%) 0.349 + 0.004 - 0.349 + 0.004 0.342, 0.357]
Ap (%) — - —0.39 7102 [—2.4, 1.5]
1q/p| — 1.001 +0.014 0.91 7952 0.77, 1.14]
¢ (°) - —0.07 £ 0.6 —9.4 1319 [—28.3, 12.9]
Oper (°) 18.1 1333 ~ 27.3 1220 [—23.3, 74.8]
A = 0.10 £0.14 0.10 £ 0.15 [—0.19, 0.38]
Ay — —0.14 £0.13 —0.15 £0.14 [—0.42, 0.12]
1o (%) - 0.44 T0-13 [0.13, 0.69]
Yo (%) — 0.60 4 0.07 0.45, 0.74]
¢1(°) — 02 +1.7 [—4.1, 4.6]
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= _. HFAG World Averages

New world averages (nttp://www.slac.stanford.edu/xorg/hfag/charm/index.htmi):

E791 1999

CLEO 2002

Belle 2009

LHCb 2012

Belle 2012

BaBar 2012

BESIII 2015

Vorld average

A. J. Schwartz

CHARM 2015

|
Fed

II

e

4 -3 -2-101 2 3 4 5

Yep (%)

0.732 + 2.890 + 1.030 %

Belle 2012

3.420 = 1.390 = 0.740 %
BaBar 2012

-1.200 = 2.500 = 1.400 %
LHCb 2013 KK

0.110 = 0.610 = 0.520 %
0.550 = 0.630 = 0.410 % LHCDb 2013 7trx

1.110 = 0.220 = 0.110 %

0.720 = 0.180 = 0.124 %
LHCDb 2015 KK+t

-2.000 = 1.300 = 0.700 %

0.835 = 0.155 %

Experimental Summary

World average

CHARM 2015

02 01 -0 01 02 03
A (%)

CHARM 2015 Workshop

-0.030 = 0.200 = 0.080 %

0.088 + 0.255 + 0.058 %

-0.035 = 0.062 = 0.012 %

0.033 = 0.106 = 0.014 %

-0.120 = 0.120 %

-0.125 + 0.073 %

-0.059 = 0.040 %
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Summary of the Summary talk

Lots of interesting results, but no “smoking gun” of new physics yet
Now seeing many new results from LHCBb, including Dalitz plot analyses
Now seeing a wide range of results from BESIII

Results still coming in from Belle with full data-set (~950 fb")

HFAG mixing averages now have only small incremental changes —
several new ideas on how to improve this, i.e., make a significant change
(e.g., use CP-even D°— m*ma’)

By CHARM 2016, should have many 3(+)
fb! results from LHCb, more results from
ATLAS/CMS, last results from Belle/BaBar,
hopefully first signals from Belle Il. See you
in Italy!

3 colleagues searching
for new physics
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