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Overview

 Charm and Bottom Production (yp, ep, ppbar)
e Charmonium and Bottomium Production

* Heavy ion results

e Spectroscopy and (Rare) Decays

* Mixing

* | ooking ahead

e 8 Sessions (1 joint session)
* More than 13 hours (but very little overtime => thanx to speakers!)
e 33 talks (27 experimental)

There's no way | can do justice to all the results
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Charm and Beauty Production
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Charm and Beauty Production

 Charm and Beauty produced
from gluons

* Mass provides a scale,
but complicates things when other
scales enter

* Test production models
=> at LHC, top production will
also become a multi-scale problem!

e Driven by gluons in the proton

e | earn how to use HF 27.6 Gev
production data in pdf fits

hic *® Relevant scales:
i my, ~5GeV M~ 1.5 GeV

Q? <1GeV?—
> 2GeV? . DIs
b‘c pf}"c Event selection: ;"' > 6 or 7 GeV

920 Ge\, | _
multiscale problem

Benno List 20.4.2007 DIS2007 — Heavy flavour summary (expt) Page 4



Charm at HERA and the Tevatron

Charm
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Charm in DIS from ZEUS
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D+ Cross Sections in DIS with ZEUS MVD

ZEUS Dan Nicholass (ZEUS)I
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Charm in DIS from H1

do (ep — eD*X) / dn [nb]

H1 and ZEUS:

e Good agreement with NLO QCD
calculations (HVQDIS)

e Data more precise than calculations:
— Variations of m, Ur, Ug, FragFkt

- How can we get more out of NLO predictions?
=> Discussion with theorists

3 |_H1 preliminary ® H1data
------ RAPGAP
HERA 1l 04-06 —— CASCADE
T‘Jorﬁ'i 6 GeV
[5< Q2 <100 GeV?2 it
05p<p<2p

2 0.05 « Y <06 e(Peterson)=0.045

Katerina Lipka (H1) I
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Charm at Tevatron

Burkhard Reisert (CDF, DO)I-‘

CDF Run Il (L=5.8 pb™) CDF Run Il (L=5.8 pbT)
D” Meson Differential Cross Section G D° Data/T heory Cross Section
E- o
Do é £ FONLL
[=] C g
sl I ~ F
i
: 05 -
CDF Collab., PRL 34?3{;,4\th - Cacciari et al., JHEP, 05:00, 1998
EII - - I'Ilt]I - ‘ I'ItE- I I.1-2::I . ; : : I1II:I. : : I1I5I ; : IEEI:I
pAD"%) [GeVic] pAD") [GeVic]
Inclusive charm (D9, D*+, D*, D) oL
cross sections was one of the first - }H l |
CDF Run IT results l [ """"
- factor ~2 higher than expected ok
- progress in theory reduced deviation Kniehi et al., hep-ph/0508129
- TS ¥+ TR - SR E- TS K T R T T R ¥

- measurement systematically limited

Pr (GeV)
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D* plus Jet in Photoproduction

Sebastian Schmidt (H1)|

» Jet gives handle on second (charm) quark
e Cantest NLO QCD effects, e.g. with A
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\. HVQDIS beyond NLO
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Burkhard Reisert (CDF)I

Double Charm at Tevatron
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Charm Fragmentation

1/cdo/dz
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Peterson
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Shuangshi Fang (ZEUS)I
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do (ep— eD*X) / dz

DIS2007 — Heavy flavour summary (expt)

10

H1 preliminary
HERA Il 04-06

® H1 data

RAPGAP

— CASCADE
HVQDIS
1.3am,<1.6 GeV
p2=z=0+ 4 g
0.5 |.l =p<2l
elPeaterson)=0.045

e
B i
s ==
T
5« 0F <100 GeV®
005 <y <06
[m 0| <15 %
||:|1_ [D'I] > 1.% GeV . I : I )
0 0.2 0.4 0.6 0.8 1
ZD,
Page 12



Issues between Experiment and Theory

Unseen x-section varies with m,
: ® HI tagged data

* Experiments measure more and more
specific and precise cross sections:
- D*+jet(s), 2 charm/bottom jets
- Single, double differential cross sections
- Expt's often better than NLO predictions

— MRSG+GRV

(b f GeVic )

- upper m =12 CeVi/c?
- lower m =18 GeV/c®

[
=
I
p—
[
S

'E e »
o Worry about scales (m., Up, =
"y . (Me HR Hr) We see this =L,

and Fragmentation Functions 0k :
_ _ ; How much don't wejgee?
=>We need: [ sfs0)<10 =L |
° QCD CaICulatlonS for those quantltles m- s é ||||||||| -IT- ||||||||| 1_Ij ||||||||| é ||||||||| i
o Consistent treatment of m_, my, in pdf H1, NP B472(1996) 32 p,(D) (GeV/o

extraction and application
* Full NLO MC with matched parton showers for optimal correction of the data

Theory and Experiment need:

* To agree an observables that can be measured with little theory error and can be
calculated reliably for inclusion in global pdf fits

=> is F,¢¢ really the best observable?
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Beauty at HERA and the Tevatron

Beauty

Benno List 20.4.2007 DIS2007 — Heavy flavour summary (expt) Page 14



Beauty at Tevatron

« DO: new measurement o

| _ « CDF measurement of
muon tagged iet cross sections

inclusive B cross section
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Beauty Cross Section in DIS at ZEUS éé

ep—>ebb X —eujet X Benjamin Kahle (ZEUS)

p e method: ZEUS
4/ . DY
e ‘!
e . pfre.’ ~+;+ .
o 0.5 1 1.5 2 2.:“:16.“;] uf:
0075
e First F,b0 from ZEUS of
0,025 :
* Only 10% of data sample analysed R~ .
=650 GV y " .
* HI Data i |
* Higher than H1 data (and LT mmmene s o
1t : . 1 | — MRSTNNLO + CTEQSF4
predictions), but still compatible - TGO
0 bl ]
Lg 10 10 2
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HF Production and the Optimal Scale

Achim Geiser I

B AL I e “Optimal scale:” Where adding the next
pp - bb MRSR2 '
o | V5892 eV muoa7s oey . order doesn't change the result
2 T . * Observation for many processes:
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: .
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= 1 ' 1
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t. /My . .
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Charmonium and Bottomium Production

%

¥(2S)

/T
A
%

=
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Charmonium Production: Overview

hadroproduction photo-/electro-
production

Katja Kruger |

I.D = T T = N
E BR[T A= 10y dolpp— ]/ l}HX de (nb/ Lae‘-.] E
QG e, Vs =18 TeV: | <06 e
(b@ ?@e 1 & — total 4o
( e E Ye ok mmEm colnur-octet'SU+!PJ E E
. C- .H'H.\\ e colour-octet 5, R
e M g «+++ LO colour-singlet ]
Transversely polarised I N T~
hadroproduction ﬂ;, photo-/electro- - "E:%NR(QCD: —
7 'C;\ I production 2 s >
N f— 10"k L o, d 8
N 5 ; - el
: | @mﬁ}\ ] O—— b csm Lo, . 1E
¢ L] | 1 I 1 1 | I 1 PR PV | 1 I 1o
é\Q %—@\ i | — 5 10 15 20
S LQQQQ, & 2 S i T n e

LO calculations available

Tt ezeus@spphy

8 -1 ]
e NRQCD in LO needs large CO contributions & 4~ ™@&moeees = 1.
to explain Tevatron J/p production s ’%% emzegMysz, g
= § i 3 mc{ . e g
) ) ST -~ KZSZ (LO, CS) 1%
* Photoproduction at HERA: Color Singlet -\ @ i 19
model in NLO explains data w/o CO N Qs £
contributions N B csmno g
L + _ %
* “Smoking gun” for large CO contributions: U e o Iii
Transverse polarization R e

p2 (GeV?)
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Charmonium at CDF @
Burkhard Reisert (CDF) l——‘

1 1 AR
aBF CDF 11 Preliminary, 800 pb” 0.9 - Qctfcifgc‘} ;
C ; R — aystemauc unc.
061 . S Prompt 1y Polarization O.E . l - M — Branching Frac. Unc.
0.4 g
an 0.6 .
5 M0 0.5
B S rbetnnss oot e 04
= 0.2 t 1 0.3
I | '
N 0.2 | CDF preliminary
€86~ 0 ----- zero polarization 0.1
=] 0 | | |
08[ 4 B 8 10 12 14 16 18 20
£ irrill ERVIRNTTPTRNCH [NUTTPRRNTIONN, (OPRETE| SPRIPRIPI | EPRPRTRE (L Jo /
5 10 5 20 25 30 /o GeV/c
Py Uy [GeVie 0(Xe2) /0 (Xer) vS. Pold/9)7"

"‘(L)) _0.70+0.04(stat) % 0.03(syst.)+0.06(B.E)
o .Z{:I_

for 4 < p(x) <20 GeV/e
. Color Octet predicts 5/3 (counting of Spin states)

* J/y slightly longitudinally polarized, not transversely
e X production ratios different from NRQCD expectations

* NRQCD with large CO contributions not a good explanation for Tevatron J/y
production cross sections?

* Missing: NLO Color Singlet Model calculations for Electroproduction (DIS at
HERA) and Hadroproduction (Tevatron)
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J/p Production in DIS at HERA

Yy Michael Steder (H1)I

1<P.*<2GeV _ S

i  * Double differential distributions
2<P7<3.5GeV  described well in shape by Color
Singlet MC

do/dz [pb]

..

3.5<P*<10Ge

-

10 S —— @ 1:<P"<2GeV(x4)

* Any Color Octet contribution

A 2 <P <35GeV

—}
L ol
/_

i H1 il efinniait must be small or similar in shape
i Prellmmary ------ EPJPSI (x1.4)
L 0.4
& 10* ‘
>
O
5 10°F TR
o o 0.3<2z<0.6
M 1
o
S [ ==
.8 2 CAR————— ansstm 8 0.6 <z<0.75
102F Mo
104 k. B e e
0O 20 40 60 80 100
P? [GeV’]
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Charmonium Results from HERA-B
Martin zur Nedden (HERA-B)I-—

g™

» A dependence of J/y production measured at nex xg range

e Better distinction between different models

2
T
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HERA-B preliminary
(di-muon channel,
carbon+tungsten

|
E866 !38.8 GeV Be/Fe/W
F789 !38.8 GeV Be/C/Cu/W

double-wire runs)

Lerrors statistical only

DIS2007 — He

DNAG0 207Gz BRAAEH/ B0 6 0.7 0.8
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Heavy lon Results

High energy heavy-ion collision

Apologies: I'm out of my depth here...
cf. plenary talk by William Zajc
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In-Medium Energy Loss of Heavy Quarks AR

Andre Mischke (STAR)I
* Due to their large mass heavy

quarks are primarily produced by parton
gluon fusion o= %‘E-—-—'

— production rates can be calculated by
pQCD

— sensitivity to initial state gluon distribution
M. Gyulassy and Z. Lin, PRC 57, 2177 (1995)

hot and dense medium

M. Djordjevic, PRL 94 (2004)

03¢ .
* Heavy quarks loose less energy dead cone light

due to suppression of small angle - charm s
gluon radiation (dead-cone effect) BB~ |
Dokshitzer and Kharzeev, PLB 519, 199 (2001) E bottor

- . - 0.1
* Amount of collisional and radiative
energy losses seems to be similar Mg on Y
M.G. Mustafa, PRC72, 014905 and G s TR A
A.K. Dutt-Mazumder et al., PRD71, 094016 (2005) E [GeV]
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Heavy Quark Production in AuAu Collisions o ey
Donald Hornback (Phenix)

Heavy flavor was not expected to show strong suppression

B B L B R ' ' ' ‘
Au+Au @ \[Syy, = 200 GeV However, high pr single
electrons do show strong

suppression (charm

coming from D’s).
error from p+g
- 7 Heavy flavor suppression better
. | ® accommodated by theory with
@ € :p.>03GeV/c " . . . '
" O € :p.>3.0GeVic i . addition of elastic energy loss

E n‘j:pT>4.0 GeV/c H ENIX

| 1 | | | and geometrical path length
O% 50 100 150 200 250 300 350

ﬂu ctuations Wicks, et al. nucl-th/0512076

nuel-ex/0611018

Integrated heavy tlavor electrons exhibit binary scaling.

Electrons must fly through quark gluon soup
=> supression indicates that charm quarks interact with medium before they leave it
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Supression of Electrons from Charm Decays
Andre Mischke (STAR)I

Au+Au at Vs, = 200 GeV

AR

L charged e d.Au FTPC-Au 0-20% =
hadrons & d+Au Minimum Bias _
& PRL in press (nucl-ex/0607012)
e - E ' Stan :;m‘guu rlma-ur:-p_ T I L " T3
= e o | o
= T
= R e N 4 L s . BOMPE ¢
1 = : g !
0.5
% 2 7 T Y BT, 2| R ]
pr (GeVic) 1077 ¢ d -
p, (GeVic)

Nuclear modification factor:
2 ATAA » Non-photonic electrons at high-p; are

R, (p.)= dd‘f}f M;”,dp ;dzr suppressed to the same extent as light

[ad"0 [ dprdn quark hadrons in Au+Au

where T,,= N, /0oy

inelast » Not expected due to dead-cone effect
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J/p Suppression in AuAu Collisions PH-ZENIX

/';" \\‘

Ermias Atomssa (PHENIX)I
Test with RHIC data models that worked at SPS

— Most models are strongly challenged by the rapidity trend, and less

suppression at mid rapidity PHENIX 200 GeV J/y
15 | | |
. —— Rapp direct B AuAu |y|<0.35 -
| — Capella1 mb m AuAu 1.2<|y|<2.2 .
| —- Capella3 mb & dAu12<lyl<2.2 |
—— Satz percolation (with CNM added)
All calculations shown here '« All models for y=0 nucl-ex/0611020

ly|<0.35 syst 12%
1.2<|y|<2.2 syst 7%

Bar : stat. + uncorrelated syst. errors
Band : correlated syst. errors

give predictions at mid rapidity'-°

R
Raa: Suppression of AR

production x-section w.r.t. 0.5
pp collisions

J/y dissolves in quark-gluon soup

—
— e —
——

“Peripheral”
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' e
Heavy Quarks Flow! PH-"ENIX

Donald Hornback (Phenix)

Raa and vz comparisons with theoretical calculations

Charm flows, suggesting early — —  Armesto et l. (|
| van Hees et al. (ll)

thermalization of the medium :
pp— %3!{21'{1-) Moaore &
12/(21T) Teaney (III)

Simultaneous Ras and v; hydro

model comparisons suggest

- | _!. \“ H.::H,:_.l:_:....-...u..n-
small HQ relaxation time and/ =Tt
o L um-_‘-‘_’.-—‘_'—-_-

* r
Sy g E ."'-:T:- ¥

-
'm
-
Ty

or diffusion coetficient, D.
Au+Au @[5, = 200 GeV

D « n/(sT) 2

(b) (=] 2R p, > 4 GeVic

L]
" minimum bias + ; s v, p_>2GeVic

AdS/CFT conjectures a : | i
r ® e R,..e Vv,

quantum lower bound tor N/s _ =
; i =17 PH “ENIX -

suggesting the medium is a

near perfect liquid: 477

& 7 8 9
S P, [GeVic]

nucl-ex/0611018
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Spectroscopy and (Rare) Decays

* Filling the Particle Data Book:
The expected

* “Who ordered this?”:
The unexpected

* Rare Decays

A tidal wave of new results,
with lots of peaks!
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The Expected

New Expected
States



New Mesons: Charmonium System

Completion of the set of bound Mass
(sub-DD-threshold) charmonium states P — i)
by CLEO: ool HE@O
[ szii)
' - e 1p, 23040,
e N confirmed so00— Xer0) Ty _—
Ficuza VETTORR, 3800 11,3800 %n; LT
. . DD | ey 1, S, M
e h. discovered, mass degenare with S M‘fw
#I Xa(3536), 1p (252
center-of-gravity of X,o/1/» States w1 “v‘“gd;;’]ﬁm e
e Much more data to come s ) *_ &
g 40 % 3100— wﬁm
i 3 CLEO I4CLED Il data g 2080),
o E & 000l 0 I OLZ" 1.2+ (@3

1
15, 'sifp) 3 Ip.'Dy Dgg

§ 8 8 & 8

e
-

't e
Py
=

Hurrib

=‘='_,"‘El,"_—'="—L
;g r
=

g 3

p Bl )
is is 35z 35y ik 355
n° recafl mass in GeV

CLEO lI+11I: 27 b=t (yy — KsK)
PRL 02, 142001 {2004) f".-f(.'?.c) = 35244+ 0.6 £ 0.4 I\-‘IE‘V, or

Kamal K. Seth (CLEO)I
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New c Baryons: A (2940), =.(2980), =.(3077), Q.

w

Galina Pakhlova (BaBar, Belle) n’
New baryon in D% Phys Rev.Lett.98:012001 = —
ﬂ 287" First observation of Q_" (ess) , JP =32+ |
oo By | M(Q,) -M(Q 9 = (10.8 £ 1.0 + 1.1)MeVic?
f AQ(ZMB)‘?‘/ H Belle confirms
= L f N\\ inX _(2455) ©
s L B MBS & ’ Phys.Rev.Lett.97:232001,2006.
{E- Mﬁl . www 21 i ’LU ) T T H
000 f‘f 5 Mg 5
-; Wrong sign Dip A s ko
500 -|— ﬂwm?hwmm% P|}| }r Ih" E
_ ﬁ“"w | D° mass mdebﬁ%?ﬁw*frﬁ“% 0 _§'9€bﬁn8g 5 S e ¥ -
gy = 2 e Wil W 553fb" 11 x:'w+ -, GeV/e? | 7S ; Y
M(Dp) B" p Invariant | eV /. M( m), GeV/ 230.7fb" i = e Mi:. -M ;i.—l\jﬁ.".m('re‘u'r'cl
Phys. Rev. Lett. 97, 162001 (2006)
200 | ( i ; - TR RECIRIS
B, (3077 T T} R "
o s B, 3077)° L _ Wi
‘PN 9.70 = o077 2 BaBar confims ~heplex 06070421 %

S 160 > 51c 0k d | 'l w3
S s | 2 ooy 2 5 2 or good agreement I\ &
S ! 20 [Bgy(2980)° St bk
N100 f 6.3 20 E (2980 S ub hﬁ, o1 1 +|H;
| 3| 200 F + + wi -
& s} z 0 dop ++l4++ mlr #,mt My -
- 450 fb! ' lsopartner 5 "F | # .

L L L L L : ] - : ' | +1{ M”/_\-‘_'—.'ﬁ*r-ﬂ--r b -r‘|”\ \I“l'-w - J:
uzlg 2.95 3 1.05 1.1 g 315 3.2 325 D 2495 3 305 31 3_15 32 3.25 %ZMMH 296 298 300 302 304 306 308 300 302 3_114
G VJ' LY PR G Al o B VTN F W I L T TP R

Mass (A, Ke) [ \ Mass (A K. ) (5"

Benno List 20.4.2007
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B Mesons

i
:
i
" H
I
|

- ' AL Martin Heck (CDF, DO)

- n
~, 20F v T
2 ‘! ‘ . S EWEH‘L "
% | o |'\
iR T L == =T
P o i :s -]

E Ly, ST ' 00 o B IyE

5B 6.0 6.4 68 72- E eSS

Mass(JAyr) GeV/e® - \'\N_
55 55

Wy K} (Gevic)

CDF Run 2 Preliminary 1.0k

Direct B, observation in J/y 1 T

(27200 + 200 B']
= . t ﬁmno- 800, : B
=2 precise mass measuremen il
@ 1400 500
: * % : £ .
™
Direct B** observation g i
500
D& Runll Preliminary * 600 =
1 B" - B%w Y Bit— B v (Y undetQCted) bt 530 He8 530 53 i B4 635
B* — Iy K- —— My K [GeVie’] M(D ) [GeVicT]
/ Q: B In D' x* channel COF Run |l Preliminary: 370 pb”
‘ il J[ ";;3? Fit Prob = 70% —;om: - . " .
i B o Dor 5T Direct B;** observation
n" 3 50 =_ 4 1. _I _— :E—DB T
* % e [ 1] ‘_ ----- Total background
B2 025 03035 04 uf-:s \IELS 055 0.6 065 07 1;; £ 05}&& 57 3 | R s
M(Br) - M(B) (GeVic) ' " Q=miBe-mB)- ) (Gevic)
use of Likelihood ratios (B* — Jhy K* not shown)
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B Baryons !

Martin Heck (CDF)I

CDF Il Preliminary, L = 1.1 fb' __Fit Prob. = 76%

* First observation of charged 0 Sc
Zb states by CDF 7 F — Background
E : b3 — I AT
5 ‘”JE' —.L_E_—n'.uﬂvr :
H |- '
.E é 1;T|+ * 1*|
20 P NS
3 | w i #1
L 10} L
]
Q
<F — Total Fit
- — Background
saf — 1;—}1&.%::*
- T B o AT
i | " i + -
(i By +
o0 q05 610 TE 020

Q= m{A%m) - m(Ag) - m, (GeVic?)
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Rare Decays

Rare Decays
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B* -> 1*v : Sensitive to |V )|

Ivo Eschrich (BaBar, Belle)

Combined BABAR/BELLE

B(B*

— 1) =(1.31£0.48) x 10~

'H{]; ezt : .

"0 BABAR JEIRE

Hﬂ preliminary 4T

20 L

(= —— E
LIS r*'_ ]
'EI'D' . —#— Cn-resonance Cata 3
JOEe Background MC (scaled)
20E E
B 0.17027030470506070809 1

EI'\.

(GeV)

BABAR [hep-ex/0608018] | Belle [PRL 97, 251802 (2008)]

B=(0.88%%% +0.11) x 10~
< 1.80 x 10~* (90% CL)
320 M BB

Benno List 20.4.2007

(2.5 o)
% b
O s0f _
- B
=]
- 1
0 40
:
L
AL L SR P TR ERER
0 A i Mal-:-arul:rl. i is;
y 1. CHMNnE ¢
20 C :
o8
10 o
= 13: |
[y — [
0 0.5 1 -ﬂ_5.
B (GeV) %
Af-
- {1 ‘,Ig+CI 5B +D.39] % 10—# [ m
—0.49  —0.46 gyt
-1 -ﬂﬁ ]

Slgnlflcance 350
449 M BB

DIS2007 — Heavy flavour summary (expt)
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B->dy and |V4/Vi|

I
e 2 =3 g
3 | 3o BaBar 3
= 40 [} ‘t : o t - | Lo
ﬂﬂ_r- - ; -*-"{'1 E“" E ; Lol |
B o] Bl T gr Ll T
a3 \ 2 30— L1 T 20 ! T L]
EM: |III Ezﬂ & | _"q'.""'-h-t,___*__:‘_‘_-_ r,_-i'_:":.l |III Eqﬁ L - { H-:{‘TH"
- \rIE' -— 1 1 .|. . - ! | I~ ._..'-_I‘I
& AT @ i\ @ 5 e
F22 625 024 825 8§28 83T 535 529 ;.: TR TR TR E TR T 95 oo 524 82 828 82T 830 839 ’n
m,s (GeVic?) Mg (GeVic?) m,s (GeVic’)
BABAR 316 b~ [PRL 98:151802 (2007] | BELLE 386 fb— [PRL 96:221601 (2006))
=
Mode Bx10-° o Maode B=10-"5 T - 5% prab. intervaks
0.37 : o e
Bt —pty  1.1075334£0.09 38 Bt pty 05510824003 46 [ Bz P
BY % 0797322 +006 49  BY_ 0y 12503714007 55 il
B0 ~uy  040%G3£003 23 BO—wy  056%53% 1G5 23 osHL_Iam, [ A
= -+ . BELS il J
.B —F {pl."l.w}':n' 1.25_{].24 :l: D.ﬂg 6.4 B —_ {Pf-"ru."}":f 1.321%131 féng 5.1 .I' ]
o I
B-Factories combined ; . '
B(B — (p/w)y) = (1 .ZBj%E% 4 0.06) x 10-° ,9,5} h -
BELLE and BABAR combined or e
G Lo e o b e n Loa st o b s
|Vig /Vis| = 0.202+5% (exp) + 0.015(th) 1 @85 0o 05 1
P
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The Next Race: By/y -> yp

D@ Run lla Preliminary

@Do

Marj Corcoran (CDF, DO)I

(780 pb™)

LHR

o ©

_ CDF Il Preliminary _

095" & [ + . CMU-CMU
0.9 e @ 5.8 5
N ' o i -
0.85-, * 3 i .
E r | [ o T [ 2l L i = 5'5'_. .
055 5 5.5 3 65 = B
Invariant mass (u* p) [GeV/c?] 54 .
,D@ Run lib Preliminary ; =
g T T DAS 2l g
g TR - ONT 5.21 . . B,
=0.95- Y I g .
c . . p
0.9F, . 5-.
= e 0 i b -
0.85- g *oe 4.8 :
0§35 5 55 3 6.5 ' "L '
. ] 0.9 0.95 1
Invariant mass (1* 1) [GeV/c’] Likelihood Ratio

DO: BR(Bg->pp)<9.3 -10-8
CDF: BR(B.->up)<1.0 -10-7
Comb:BR(B¢->pp)<5.8 -10-8

(27x SM)
(29x SM)

(1 /X SM) (unofficial)

CDF: BR(Bg->pu)<1.0 -10-10 (230x SM)

Benno List 20.4.2007

DIS2007 — Heavy flavour summary (expt)

MEMUEME ) Gevie?

_ CDF Il Preliminary (720 pb™)

i . * "+ CMU-CMX
5.8 .
5.6,

I B
54,

5.2~ ] . B

5- :
4.3;—: = .-.
C | . |
0.9 0.95
Likelihood Ratio
B -V.'f'.. - 1+
t,c,u l Y
- - - I_
B w
b 0 I*
I Z,Y
W
]
S 1~

Page 38



The Unexpected

New Unexpected
States

Isidor Rabi 1947: “Who ordered this?”

There's more in heaven and in earth than
IS written in your Particle Data Book!
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New D, States: X(2690), D (2700), D

events /20 MeV/c?

Ewvents'1D Meilic™

x 107

DKk <107 poatatks 107 DKt RO
_n_lizsas: :i.‘I 15 _D"E.zsm _: | bty I'i‘l.
+ * B
10 - o L% i B 0.5 |
D,.(2573) i ., DL25192 (0 — | 2 - i
L i i s D,,(2536) BN H
I 5 0.3 1
- 7 ﬂ 4% 3% I 2.7 29
g | A ow|, L (©)
L
0 e T 0 S | e (A 0 e e L T Py
24 26 28 3 24 26 28 3 24 26 28 3
m(D° K*) GeV/c’ m(D°K*) GeV/c?  m(D*K%) Gev/c’
28 IDalltz pl.ot — i DUK* projection
Ng | : 2 D.,(2700)
2 oL B 2 subtracted
ZE?D ‘ F . | | i -3.40 414 fo!
2] - 4 =
™ - 1B _ﬂ:_.:‘
JEE L g Jr
L | T 5
PsJ{R?Uﬂ'} ) :I:' = 0
M"{D"Ka}u (GeVich) 24 26

Summing all 8 DK modes

Wb praliminary
Y]
e 347 !

g

& 2 £
-
e.—
-
.
—=e
—
o
s
-4
" F
£
= =5
-

=3
i it
A
L. -
a4 2.8 2.8 3 a2 34

4
DK} [GaVicT)

| Background %

{generic MC)

28 3 3.2 324
M(D"K") (GeVic?)

Summing all 8 D*K modes

 BaBar -
preEminary
i !
; (Y
‘ s
. ‘.‘.

az . a4 .
WD ) (i)

240 fb!

Vincent Poireau (BaBar, Belle)r,I - 00

1000
ars
500
506110
07245 ()
08129

(2860) g

Sum of 3 m.==_

| X(2690)

240 fiy?

bkg
subtracted
D.,"(2860)

— predicted (Godfrey-Isgur model)

«+ observed
L ] L ] & [ ]
N D, ,(2860)
i @ 2 2]
Dsl Dsl
=8,
—— D,
L]
- D_ (2460
s 51{ } DII
i L]
i D,,'(2317)
N D
. N
Lo DS
s =
| I | |

B % 8 1T & &

& + %+ & R

S wave P wave D wave

eavy flavour summary (expt)
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3

Events / 20 MeVie*
z

I
=

|1:_1:‘.|t: Et EETT ”} ({]:V.-"c._ ”} L 5 8 55 [ L] T
M iy (GeVieh)
e BaBar measures: M = (4259 = 8) MeV/c2, T = (88 £ 23) MeV
Belle measures: M = (4295 £ 10 *19,) MeV/c?, T = (133 *26_,*13 ) MeV
e Confirmed by CLEO: M = (4283 +“‘7"_ + 4) MeV/c?
Phys Rev. Lett. 98, 092001 (2007) .
z ——— Galina Pakhlova (Belle)l Kamal K. Seth (CLEO)l
© 3 }hlﬁ \- “#M"*E‘\' A
2f |,= f  Charged DODO) Y(4260) signal Equ: | | Ippr———
i _ . %ifromCLEOe \ | | D'D : hint 2 i) g
l_- wumu} w"’"’“’h +W " \ D'D": clear dip (similar to incl. R) E i l,,_ f"“"\f" o R
wmm) MLew®™ | DD no signal B | } LA .4 1. B
: |= @@L D*D" ;
4F af
¥ { .+ 2
P wn TV g I
3 P R 'Hi'iﬂ' m e
38 L % 42 44 !‘q‘::'ﬂh.‘{ns.m M(Y(4260)) = 4259 + 875 MeV
M, (%) GeVie

Benno List 20.4.2007
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X(3940), Y(3940), Z(3930)

X(3940)

Vincent Poireau (Belle)

New state seen inete — Jiy X

N (28) X(iadd) 1|
L-II

: it

307 b

"o
>
=
100
=

50

2 25 3 a5 4 45
Mrr:nll{"'lnl'r} GE"H‘L‘.

Also, observed X — DD",
but not X — DD

M =(3943 + 6 + 6) MeV/c?
=(154+10.1) MeV
cC state n.(3S) [3'S,]?

Y (3940)
Near threshold enhancement in B — Jiyo K

T I | N "I'_:
30 - 25311 o
:.EI L 1
g o _ '1| _' M=(3943 + 11 + 13) MeV/c?
2 h \ 1 | T'=(87 £ 22 +26) MeV
I% £ I 4 'a P.17?
y 7 \‘“L _H:£ cC state ', [2°P,]"
I LA A
| ..-"'-"T- il ' 1
] -.+ [ T

[:| =
3840 4ad 4280
By (MaV)

Belle: hep-ex/0507019
Belle: Phys. Rev. Lett. 94 (2005) 182002
Belle: Phys. Rev. Lett. 96 (2006) 082003

Z(3930)

12 | V. Poireau

Benuu List zuct.zuus

DIS 2007  April 2007

New resonance state in yy — DD

, b P | M=(3929 45 + 2) MeVic?
e I'=(29+10+2)MeV
E Ha | 395 fy! .
fi M 1Y S | G EtﬂtE :F: . [23|::|::|I.—""'|
e o AN

LJ104LVUV/ T 1itavy liavuul suluualy \CApLY)

1Lagv +<



X(3872) Remains a Mystery

Kamal K. Seh (CLEO)I
DOD* molecule interpretation: Binding energy EB=-0.6+0.6MeV
after new CLEO measurement of D mass, BUT:

e Belle: looking at B —» D°D%:°K | |e BaBar: looking at B — DD*K ‘

o (D0 — DIl . .
S Al moses Vincent Poireau (Belle)l
E '* Eﬁlgﬂaﬁi Ed?lftr‘ ] qﬁ\\ .
2 30 " d il @ &
?:. . L5t <l
]| lcl i
- e
|
0 0.0255 0.05] 0.076 ¥
M(D"D’r’-2M(D°)-M(r") Gev/c* T I R Y

DO+ D I nvariom Mass (GeVic®)

e Excessinthe DD invariant ||® EXxcess in the D°D*C invariant
mass mass

m M=38754£0.7+2, MeV/c? » M=38756107 "4, ;MeVic?

e Masses between Belle and BaBar in good agreement
e 2.5c away from the X(3872) world average!
e |f X(3872), JF = 2* disfavored hep-ex/0606055
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Mixing

e B, Mixing: CDF and DO
e DO Mixing: BaBar and Belle
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Finally: B; Oscillations. Measuring Amg

-

T .17 < Am_ < 21 ps! (90% CL)

90% C.L. Ty iy P **ti*i**'*t

ra
IR II|IIII

e e S T S s e e T e e
12 14 16 18 20 22 24

-
ﬂ|l|

CDF Run Il Preliminary L=1.0fb"

S I X

C o+ dalazic & 95%CLImt  172ps’
- 18450 ' sensitivity 81.3ps”
data : 1.645 ¢ lh )
data = 1.645 o (stat. only) T I{
} Y ‘
il ]

! il
iR

50

—_—
_—

Amplitude

o
o
\EAEEREERER

_2;_|_;||||||||||-|-||||-_|_|_|||||

0 5 10 15 20 25 30 35
Am, [p5'1]

lAms=11771010i0£7p§1

CDF CoLLAB. PRL 97 062003 (2006)

Benno List 20.4.2007

‘I-E""I"'I""I""=""I'III

- 2 T, B
UE‘ o= b PEETTS -
Epe A

s -

0.5 | &
4

1

By ]

e -

| [ 7
EPEDS.0D0 :
A5 i {1 Tl ke Wikt ot | B | i 1 g (SRR

Vid| _ 0.2060 + 0.007 (exp) s (theo)

-0.0060

Vv

is
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More: Measurements of Al'; and @

BR(B_,—D_*D_‘*) AND Al

BR(B, — DDy =0.0397)7,; (stat) g o5 (SYS)
22— 0.079°95 (stat) S48 559

DO CoLLAB. HEP-EX/0702049, suBM. TO PRL

1-sigma contours (A{logl) = 0.5)

L 0-6 J L = ™ T i I
0 Flavor-Specific HFAG
5 T(B5) '
hcq -
0.4+ _
< ¢, =
- Direct
Combined Measurements
0.2+
) SM
DO MO
OF Br(BS =DMDL) - -
/ > g
ooh L LS yied
1.1 1.2 13 14 1.5 1.6 1.7
1Ty [ps]
Benno List 20.4.2007 DIS2007
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Robert Kehoe (CDF, DO0)

wn 140
B q J ; B, = dJivd * Data
s :{02 5.26< M(B ) <5.46 GeV — Total Fit

%.Ewn etio{ct) > 5 - Total Signal

| , IFtpro|>I;4an | | :
3 2 -1 0 1 2 @
_0.5¢ 1
2 ,F D@,1.11b
2041 : .
Eo_f_ m B Jyo —2Alog(L) =1
a F
0.25— - -
0 4
-oi_
0.1
-u.zé— ] i
-0 35- 4-fold
i: — SM
= amb@uty
-0.4F Al = A" SMx |cos(q}s)|
o's-lI“l““]“"l““'lllLl..“l llllllllllllllll

3
b {radtans)

AT, =0.17+0.09+0.02ps ™
¢ =—0.79+0.56"7

-0.01
DO CoLLAB. HEP-EX/O701012 SUBMITTED
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Finally: DO Mixing

Events/D.1 ps

10?

102

0 347 x 107 (1g)
4.55 x 107 (2)
2.70 x 102 (3g)
6.33 x 10° (4o)
5.73 x 107 (50)

| |
b
1—||11T

= Data F ! ' Data =
S [ ]rs signal :::I:;— WS 3
E Il Rendom = 3
.Random Tog 2 1200 B Misrecon D-‘ =
B combinateric o 1000/ I Combinatorial
-‘ﬂ; 800 E_ e No mizing fit _E
z smf_— _:
400 E
200f =
- 50; E
7" i s = : : + #ﬂw
e T “H*:"‘ ] B n*’-‘—%«t + g
e i, P — i =i, 2 q50i.. Hi{ “Mixing-Nomixing PDF"i
- r . | - : b
2 A4 0 1 2 34 ® %8 t(::s) 2
t(ps)
E L L] | v i B T T E T 1 I L T T T T ' T
: rel . beﬁt ﬂt :
——— preliminary .
2_. e O @ pest fit, x% =0 i
L - iy
[ %7 ‘fif?’ﬂ) .
S T — —2AL = 0.7—]
= | == 2AL = 0.7
o b 1-cL= —2AL =23.9~2

-6

mixing CL contours
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0 2 4
4

'No CPV

0.17 g

Ir) o
< | Belle preliminary
= O'I(}E_ D%“K K.ntrn- / D'~k
.Y 0.15 F decay time ratio
S04
S X N
0“33 ;_ S i _I_——-[— __—‘—
0.12F |
0.11 _ E40fb-1 l_
0.1F
09t ' :
oL 0 2 4 6 8 10
"ppe
0.03
0.02—
E
0.01= P
: Tal ¢
001 :G
C — 30
‘0'02; ‘Belle preliminary
: O TN [N NN N N NN Y SO

U T L IR I ECT W L. S
008063 0.0z 001 0 001

| 3.20 above zero
Evidence of D - D° mixi_ng m
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No evidence
for CP violation
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Looking Ahead Into the Future

* The near Future: Atlas, CMS, LHC-b
* The (hopefully not too) far future: ILC
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Bs/g -> UM at LHC

Emanuele Santovetti (LHC-b)I

LHCb Sensitivity (signal+bkg is observed)

-l

BR (x109)
o - G o wWw:2eo

IH:IHallldlHBIHBHI?”I&IHOIHW

Integrated Luminosity (fb™)
with L=2fb"!

3o observation if at SM value

« CDF, DO: BR(B,->pp)<100 -10-9
e LHC-b: BR(Bs>pp)< 3:10-9°
o Atlas: BR(Bs->uu)< 7 -10-°
e CMS:  BR(B,->pp)< 14 -10-9
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Attila Krasznahorkay (ATLAS, CMS)I

BR used in MC Luminasity Signal Background™
. 21 ~60
&l Fma:;ﬁ:::tm Iy@ 1073 cms! % "
—> U (30tb") pper limit
3.5x107 2006-2007 6.6x10% e
92 ~900
Early detector | 1y@ 10¥cm2s! =0
Ba —> P studies 2000 (100 by L ippas it 95% CL
0.9x10 Ix10710
{1 5.375:0.001 GeV MC

6 o o pr:\cnls-'hm
o ©o o ©

1_3 o 0.03620.001 GeV

4
»{CMS
y T T L
s 51 s2 5

(29 x SM) with ~0.7fb-1
(0.8 x SM) with 2fb-1 =1 year
(2 x SM) with 30fb-1 = 3 years
(4 x SM) with 10fb-1 =1 year
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Angle y of the Unitarity Triangle

"
Summary of performances on vy

Emanuele Santovetti (LHC-b)

B mode D mode Method ao(y)
B*—DK"* Kr +KK/ntn + Ktnme | ADS+GLW 5°-15°
B —D*K* |Kr ADS+GLW under study
B*—DK* K mr Dalitz e
B*—DK* KKnr 4-body “Dalitz” 15°
B*—DK" K 4-body “Dalitz” | under siudy
B —-DK* |Krx+ KK + it ADS+GLW 7°-10°
B°—»DK* | K¢ Dalitz under study
Bs— DK KKn tagged, A(t) 135°
B — nmn KK 4°-10°

LHCD
| )

Signal only,
no accept. effect

Combining all modes, with a nominal year of data (2 fb"), LHCb will be able to
extract y with ~ 4° resolution, and compare the B—DK direct measurement with the
indirect determination (B — n'm, B, — K*K~) to make a stringent test of the SM
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Amg Measurement at Atlas

Attila Krasznahorkay (ATLAS)I_

® ]n Bos -2 Dsn Bos -> Dsal the
probability to detect an |n|t|ally

pure B.as B! < (p+) or as B, P IS WL sensitivity :
B L2—AT2 = - ® 50 limit iy
p+(t) = e '*(cosh %t T cosAmgt]=——= " & WL !
® Am; can be derived from: 5 i —

L — 1 ¥
p+(t)—p—(¢) __ cos Amist E,;- ol . E
py(t)+p_(t) cosh &gs t 20— : -

e s S TEDF meas

[

® The projection of ATLAS’s

sensitivity to Ams can be seen on =3 i
the right.A 50 limit could be oC v 111l ¢ 4 g
obtained for CDF’s 3 B B @ e
measurement already with

10 fb-!
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Measurement of B, Mass at CMS
Attila Krasznahorkay (CMS)r:-

T 7 L | q

1fb™ Bcand Bigs J @ Stud in B can hEl
A 3 ), g - P

= understanding heavy quark
: dynamics

102

® Different theoretical
descriptions give B¢ properties
with large uncertainties

2 ® (CMS studied the channel:

Events/ 20 MeV/c* for 1 b
3 23
|
e
| SR |

10

mJ.-"E‘n, andidata [GQUJFCE]
245 T I I | T Bc = J/ll)'l'[
£ 40t / - ® |20 such events are expected
=355 = :
S | E to be selected with | fb-! of
= FE =
£250 data
“oapE = )
f5E. E ® FExpected resolutions:
100 | : ®  mass: 22.0(stat.), 14.9(syst.) MeV/c?
5F -
= =" L ® cT:13.I(stat.), 3.0(syst.) Um
0565563 655 6.4 6.45 6.5 6.55 6.6 ( ) (syst)

=

my,,. (GeVic")

13 PDGOG6: 6286 *5 MeV
New CDF value: 6276.5+4.0+2.7 MeV
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Physics with Heavy Flavours at ILC

o ~RER ASLE LRSS RESLE EERAT TRLEE %"~ " "nas E !
 Extremely good LN S
flavour separation o i
aimed at and "E
. 0.6— - z
achievable at ILC i U
* Needed to measure *f W
. . 03F Full = LCFI (C++, Marlin) -
nggs Coupllngs u,zf— Open - Previous (Fortran) y _; 1’ il A . . i SO\
R R S Y S R % A R A ol e = i t;;:i,,
E. Devetak, M. Grimes, S. Hillert, B. Jetfery SMckncy T
g +30% —rh—-G—T+-t—W_Z_H_ g +30%
™ B 1 T
S 0% s 0%
Ly _ th
E +10% E +10%
-E {H‘{:{SM} -""E""" il “"fE"“"t':'""Ht'"""l* !!!!!! .u"- é ﬂ%{SM} _i“" CRLE AR N RN R L AR N R L PR AR R (L Y
S 0% 1 2 0%
[ (i}
(] i ] a
20% -20%
I Model Independent Analyses - i Model Independent Analyses
-30% " e -30% ik !
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Conclusions and Outlook

* Heavy flavour production measurements enters the precision era
=> |ncentive for more theory and phenomenology work
=> Need better techniques to incorporate measurements into pdf fits

* Interplay between Tevatron and HERA data often important,
e.g. in charmonium production

 Heavy ions:
Charm interacts with the quark-gluon-medium and flows with it

* The particle data book becomes more and more complete,
solid evidence for unexpected states

e Mixing established in all neutral systems: KO, D0, B0, B_0

* The race is on for B->pup!

e Much more to come from HERA, Tevatron, Belle and BaBar
before LHC takes over and ILC is built
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