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QOutline

sHeavy-Light Meson Spectroscopy
=Reminder about SELEX(E781)

e

= Features:
= PID
* Precision tracking
" Photon detection
*New state: observation in two decay modes

=Conclusions
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4 Heavy-light spectroscopy
3

28:_ ® ® — M.Di Pierro and E. Eichten, PRD64(2001)
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*Model predicts mass and widths — works well for D(cd),
but not for all D(cs)

«2003 — e+e- found Ds(2317), Ds(2463) — below threshold,
iInconsistent with model

*Higher states — expected above DK threshold —
therefore broad and hard to observe But ...
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3F Today’s new STORY: Another massive Ds state

ol IIER

SELEX - ‘

20

events/ 10 (Mercz)

15 |

We see a new particle
decaying in two modes :
M(DS+'I1°) DY Ih(&f_wcz DSJ+ (2632) :> DS ,7
= DK

D, *(2573) °

events/ 5 (MeV/cz)
-~

6 NEW state
D" (2632)

2550 2600 2650 2700 2750 2800
M(D° K*) MeV/c®
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4 SELEX(E781) Experiment collaboration | i~
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Searching for charm baryvons since 199

SEgmented LargE Xg (xg > 0.1) Experiment

SELEX(E781) is a multi-stage charged particle spectrometer with high
acceptance for forward production and decays

=1996-1997 Fixed Target Run at Fermilab (PC4) with 600 GeV/c Z-, 1T

=125 participants from 20 institution in 11 countries

oy,
—_— e = -
Fixed-Target - -
Experiments e
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4 SELEX(E781) Experiment (PID)

SELEX ({ETE1)

Proton Center Layout PhOton y

R Phatand Lk ron

U -

| (i |

.|:.i.

Particle ID : BEeam TRD, RICH

2/ TC i/ K/p
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Charged Particle ID =

Beam TRD RICH

E12fe
>~ and 1T at600 GeV/c o
gLl
@ s b
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L200 | 2T
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>20 K/(p,m) separation
Only >~ trigger in this analysis 46 to 165 GeV/c
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3= SELEX(E781) Tracking =

PG Phatand  meukron

HypEren Targetting "ﬂ“-“
CELLE Ve
reg

. ——calorimeter
|=....,.,,|‘1 [TTTTT ™
| [ |

Precision Beam Silicon Detectors PWC Spectrometer Planes

Tracking Vertex Silicon Detectors
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Je Charm Trigger and SELEX dataset =

|SEL

*Hardware Trigger SELEX dataset
v'2 positive tracks in M2(p>15 GeV/C)

=
=]
=

cmmma .

3

:

last iz

v'4 charged track in the forward region ;=

2000

In

3

v'30% triggered interactions

< B

5000 G000 TO00 5000 Q000 10000 L1000

=Software trigger 5 ]
v'Evidence for the secondary vertex

v'Reconstructing primary vertex using

high momentum tracks (p>15 GeV/C) T 0.9%

v'Data size reduced by factor of 8 b 18.2%

v'50% charm efficiency 2"

T 13.8%

Total 15.2 Billion interactions
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Charm selection

e

v'Decay vector separation significance L/o

v'Charm vector momentum points back to
primary vertex: cut on (b/ o) (point back cut)

v'Decay vertex lies outside target material

YN
TS
| / rE LY \

A. Evdokimov, ITEP @ Wine & Cheese Seminar, Fermilab 18 Jun 2004
£

11



ol : =
- SELEX single charm states =
= ay AT E - pYie
s & i\
400 |- 1000 |-
200 ) 500 | This
5 y ! . ! | M‘T“‘*“‘*’*l anaIySf
O"2 5 o4 ° =S8 19, uses D
Mass [Ge"u"}czl Mass [CeV,/c”)
and Dg
E 0o E_ C) D+ _ﬂ' & [ d) D data
e C = S
o ®E Q
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500 E
E: &hF
200 ;— .
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D = o | I | e 55T I | I { EX=l e [ I { = (e (T | I 1 0 1 Bls oy i e v A | PO Y
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Mass [GeV/c?] Mass [GeV/c?]
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2 DO, D Datasets already used in publications =

n 10% o
- : a)D

5 3.

2 10

2

e e

1)) 10 g Tt

-'5 s TR |

Q 10 : "’?-,__ 1

L I

= :

I . | =
DO lifetime
§ [ a) D — K'(892) K* é [ b) Df — & 7"
2 7 2
2 ol L il
w P w F
Fa

Ll
T
o]
- * [ Tage
.
|4
.................................
500 000 500 000 500
Proper time (fs) Proper time (fs)

D, lifetime

‘gp] I\-"{\*a. =

elds

D, Production

Precision measurements of the
Lambda_* and D° lifetimes Phys.
Rev. Lett. 86, 5243 (2001).

Measurement of the D, lifetime
Physics Letters B 523 (2001) 22-28

Production Asymmetry of D, from
600 GeV/c Sigma- and pi- beam
Physics Letters B 558 (2003) 34-40.
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Each Spectrometer includes Lead-Glass Photon Calorimeter

21 coverage in c.m. of primary interaction

1GeV <Ey <10GeV 2GeV <Ey <40GeV 4GeV <Ey <80GeV
1.37 m 2.31m
G - 0.80m _
S AR - R ol
~— - Al 1 E I H
3 . el
— IH g NN - HE
¥ S v A i fumms mm M-
630 Channels 726 Channels 316 Channels
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Photon reconstruction

e

v find Energy Clusters (E ., > 500 MeV)
v"make X2 test of single photon hypothesis
v if not single gamma, test for overlapping photons

v if clusters fails photon overlapping test reject as
neutral hadron

v test for matching with the charged tracks

—R‘._. *brown are any other charged
i particles

-green are MIP, possible 1

i

is neutral particles which
have big X? to be Y-s

*black is photon candidate

A. Evdokimov, ITEP @ Wine & Cheese Seminar, Fermilab 18 Jun 2004 15
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e

Calibration of the Photon Calorimeters

= |nitial calibration used Laser system
= Electron beam calibration
= T constrained fitting calibration

= Exclusive trigger - look for final states with 3-5
charged track (low charged and photon
multiplicity)

The lead-glass electromagnetic calorimeter for the
SELEX experiment, FERMILAB-TM-2252

= Refining of @ constrained fitting calibration using
charm trigger data
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Effective mass distribution in Exclusive trigger <

o
YY TCTTY
E w° E
= ‘ 0 2
gwnun "E
W B S
M(z*zy), GeV
Ey>2 GeV, Ny= 2, Eyy>10GeV Ey>2 GeV Ny =2 Eyy>10GeV
Tt (10 > vY) TTT(N = YY)
% n #{ g so0}—
T wite T, cov S
Ey>2 GeV Ny =2 Eyy>10GeV Ey>2 GeV Ny =2 Eyy>10GeV
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CHARM trigger <ny,> =10, <n> = 8

L
SELEX*

e

Photon cuts: Ey>2 GeV, Ny <10

x10°
> F .
g "y Fitted ™® mass
3000
2 @ mass peak for 3%
[} o~
Ezsnu— Eyy> 10 Gev E ) B
m =
- @ o1 0 T PDG mass 1%
2000 =
" 124 -
1500 120
12 )
1IJEII]_ % 10 - T[O Wldth
- E 8 - %‘*—1 - = i *
500}, g 6 -
(3]
£ 47
u | 1 ] | | | 1 11 | |1 11 | fida ! | . | | |||||||| g 2 1
0 01 02 03 04 05 06 07 08
M(W)l Gev O I [ [ |
0 50 100 150 200

T° enerqgy, GeV
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4 Single Photon States

;xg'\.
0_, AO
Use 2"~ A%+yto Study Ds (2112) - Ds+y
test energy scale 5 ™F vents 6015
> ;._, GrJ:_ AM 1459+ 11
‘§_15m_ 50 = c 41412
z /\O-I- y o 50 100 150- 2(‘.%0 250 -300. 3:10.3\”:?0
114 115 116 117 118 1.19 12M;:17) 1Gizv AMPDG= 143.8 i 0.4
AM,p(2°) = 76.96 + 0.025 | _ | |
(obs) =781 06 Fitted with Gaussian width

taken from Monte-Carlo

Photon energy scale agrees better we have good agreement

than 2% for this decay

We understand well response of detector and will use
Monte-Carlo resolution in fits
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N signal in CHARM trigger =

\ o
SELEX*

NTl 5087 + 863 500 [
m, 5448+29

27.8+
o, 27.8+43

'~

backround subtracted

events/ 4 (MeVa’cz)
)

v 117

events/ 4 (MeV/c

10°

0400 450 500 550 600 650 760
| | 2
350 400 450 500 550 600 650 700 750 800 Mo MeVie

M(yy) MeV/c>

Fitted value M(yy) = 544.8 + 2.9
= Ey=2GeV, Eyy=10GeV, Ny <10 Fitted width (yy) = 27.8 + 4.3

M-C width (yy) = 30.2 + 1.2

Fit to exp + Gaussian +

N mass agree within 10 of PDG value
constant

MC represents response very well

A. Evdokimov, ITEP @ Wine & Cheese Seminar, Fermilab 18 Jun 2004 20
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' =
4 n and Dy selection e
N§ 04l 100 — Ds"'
@
“t
350 400 450 500 55?\4(?{(;;) 650 700 ;::VEBD 01_-3' - 1I85 - .1:9, o 1|95 e é ’ 265. . =1
- BEy>2 GeV M(KKT) GeV/c?
- Eyy>15GeV - L/o> 8, pvix <8
= I mass region equal = 1943 MeV < M(KKm) < 1993 MeV

Mppe(N ) £ 20
487.5 MeV < M(yy) £ 607.5 MeV
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New charm-strange meson

v"We combined our clean
sample of Ds with n candidates

n constrained to PDG B)n =[ MPDG(r]),_ﬁ]

28 I

20 |

events/ 10 (Me\ffcz)

15| v'Reject events with Nn > 5

- candidates

<Nn>= 0.2

Clear peak at a
QSDD 2550 2600 2650 2700 2750 2800 maSS near 2635
MR Mevie MeV/c2 seen

AM+Mp5(D,) = M(KKmn)-M(KKTt) + Mpp6(D,)

A. Evdokimov, ITEP @ Wine & Cheese Seminar, Fermilab 18 Jun 2004 22
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4 Sideband studies <~
We studied:
1 D_+ sidebands
> 15 ¢
o TEmLT b
n sidebands + real Ds S s - J“r ﬂH’
E t i dt h EU-'IIIL]IIIlllll]tltll‘hltllllll]
vent mixed tecnnique. % S n ¢i debatids
n from previous event + B
real Ds all
5
: 0 -
*No structure seen in any type of . ed events
background ! 0 |
=Constant background fits all 5
distribution 0 550" 600 650 700 750 800 RS0
AM = MK'KT' 1) -M(K'KT)  prey/d
Wine & Cheese Seminar, Fermilab 18 Jun 2004 23
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X?/N =0.95

Mass 26359+29
(S-B)/VB 720

¥
<
=
o

v

(]
o

events/ 10 (Me\?.-’cz)

—
N

10

9500 2550 2600 2650 2700 2750 2800
M(D! ) MeV/c?

Fit to D, mass

v'M-C simulation gives
resolution of 10.7 MeV

v'Sideband studies show
that background is flat

v Fit with fixed width
Gaussian and constant
background

v'x2 for fit is good

Count S=101B = 51
(S-B)YVB =7.20

Fit events: 45+ 9.3

Mass 2635.9 £ 2.9 MeVI/c?
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4 Heavy-light spectroscopy now s
3 [—
28: o @
g cu e D, (2632)
2.6 —
000 00 S50 5 B0 P00 0 0 A5 -, U 00 25 ST S0 S e A S & j_.___ D*K
ES O
24— g T SRR e DK
22—
- . 2
g - & .
1.8_' | | | |
0- 1= ot 1* 1+ S

New state lies above D) K threshold

?
We looked for Ds(2632) =DO%K
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4 K Purity Study

Adding bachelor K to D? requires strong K/mtand K/p separation

Kimtseparation at 100 GeV Check effect on K from D° sample

£ 50
LE 70 hu‘
60

il

|
50 | ‘
10 i

30 'le ] h
10 i

: N e 2l bl ® i Mlla ein |
9 95 L0 103 LL LL3 12 125 13
Ring Radius from 93-105 GeV tracks

= To avoid K/p amb|gu|ty we 01775 1.8 1825 1.85 1875 1.9 5M(:?i+)
require K make light p> 45

GeV/c? . .
=Open histo DY - K1t with standard RICH
*Prob(K) / Prob(other) > 10 cut and P(K) > 45 GeV/c?

Events/5 MeV/c?

Keep 83% of signal =Shaded histo — same date with tight K
Keep 44% background

A. Evdokimov, ITEP @ Wine & Cheese Seminar, Fermilab 18 Jun 2004 26
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- Observation D, (2632) - D%+ K

D, (2573)
D (2632)

\« / We see known

D, *(2573)

events/ 5 (MeV!cz)
B |

We see new bump
at same mass as

the Ds n state

2550 2600 2650 2700 2750
M(D° K*) MeV/c”

2800
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_ aDx’

=]

Ds(2f32)

Mass 2569.9+4.3

6
D, *(257
4

events/ 5 (Me\ffcz) *#

b) DK

WS

500 550 600 650 700 750 800 850 900
MeV/c”

(== SV T S =\« < e |

Fittina D. (2632) — DO+ K

DsJ(2573) | 2573.5 +1.7 | 15%5,
PDG MeV/c2 MeV/c?

DsJ(2573) [ 2569.9 +4.3 (149
SELEX MeV/c? MeV/c?

=
\ \%
[SELEX

=\Wrong sign background constant

=Fix resolution from simulation
(4.9 MeV)

=Fit with BW convolved with
Gaussian + constant background

New state is very
narrow !

v'Consistent with
resolution

v'A 90% CL upper limit
<17MeV/c?
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25

20 ¢

events/ 10 (MeWcz)

15 |

0

9500 2550 2600 2650 2700 2750 2800
M(D! 1)

events/ 5 (Mercz]
-

[=]

M(D° K*)

Ds (2632) summary

State Ds (2632) - Ds(2632) -
Dsn DOK
mass 2635929 [(2631.5+1.9
Sign. 7120 5.30
Events 45 £ 9.3 14+ 4.5
e, 0.95 0.77

2400 2450 2500 2550 2600 2650 2700 2750

MeVic®

Average Ds (2632) mass
2632.6 + 1.6 MeV/c?

r<17MeV/c2 @ 90% CL(DK)

A. Evdokimov, ITEP @
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# D, ,(2632) Branching Ratios

= Most models say that D% K coupling should be much bigger
than D¢n

= Phase space favors D? K mode by 2.3x
s Acceptances given a detected D(s) meson are comparable

» We see 3x as many D_n decays as DO K

SURPRISE: T(D°K)/ (D h) = 0.16 +/- 0.06

A. Evdokimov, ITEP /> Wine & Cheese Seminar, Fermilab 18 Jun 2004 30
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4 Heavy-light spectroscopy now _@\
3 ¢

—® ®
28— — =

— Cu e D,, (2632)

2.6/ — -

e e e e e e e ecm e 8- D*K
24 . DK
22

i &

7 [

T e

1.8 s | | | |
0- = 0t 1t J4 27
A
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HELP WANTED!

SF«I'.FTX\% ‘

= Confirmation of the Dg,(2632) is required!

m If this is an orbital excitation, then HQET assures
us that there will be a partner decaying in the same
way to a D™ within 40 MeV/c?2 . (experimental help
needed)

= The dominate of the D,n decay mode is
surprisingly. Might this be a hybrid state (csg) ?
(theoretical and experimental help needed)

A. Evdokimov, ITEP /3 Wine & Cheese Seminar, Fermilab 18 Jun 2004 32
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Conclusions —=

We combined our clean sample of D, mesons with photon
pairs made n candidates

We observed a clear peak of 50 = 10 events with a
significance of 7.2 o at a mass difference
667.4 £ 2.9 MeV/c? above ground state

We combined our clean sample of D? mesons with pure K

We observed a clear peak of 14 + 4.5 events with a
significance of 5.3 o at a mass difference
767.0 £ 1.9 MeV/c? above ground state

Clear evidence for a new state DsJ(2632) !
Combined of the mass is 2632.6 + 1.6 MeV/c?

A 90% CL upper limit for the width of this state from

DOK* < 17 MeV/c?
We await news from our experimental colleagues !
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EMPTY SLIDE
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Events/6 MeV/c’

Something interesting: CLEO results on

80

40

60

20

D.(2573)

L.
o]
1 /0 4\

} 2632

il

JEERAEI R ARS RERE
» s itthe same signal ?

' -
o = .
eder 0o by g v v b v o b .

2450. 2500. 2550. 2600. 2650.

M'(D°K™)  (MeV/c?)

2700.

Y.Kubota et al. (CLEO) PRL 72(1994)

2 730.
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2t Interaction and decay vertex resolution ==
lw D -
v op =2/0pm
L : oy =5604m
- Primary 7
ey TN Baeond
2 on
apon |- | |-|I |-I-,_L '
I . s
2000 - : “L._H_‘ e -
o :l_. _..-'Jlr P " 1"‘—|_._,_\__'_‘_ T ﬁ_q-l_'__“_;— ) L A i
0 002 [l D0 0.8 oL Dz [ERES OLl6 D18 02
Primary and Secondary Vertex Resolution b
o
2500 w
2000 -
1500 ﬂ M
Lol =
" L L
ok * 1 . .
&) -6 5 4 X 2 i D 1
Primary vertex positions -
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0.1

—a =*=—FL—¢—+:F

Acceptance

0.06
0.04

0.02

IIIIIIIIIIIIIII1I:II|IIII|lIIIIIIII|IIII

D D05 1 185 2 25 3 35 4
pi(GeV/c)?

0
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4 Ds x; distribution in Sigma beam ~
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4 Stability of calibration ff\
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