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ete” = ete ntnVnr 70

Outline ete” > ete o

[ Exclusive p°p" and p*p~ production at Q* ~ 0

[ Exclusive pp” production for
1.2 < @w < 30 @m/\«w [Subm. to Phys. Lett.]

O nta ntn and 7ta%7 70 at W,y > 2.4 GeV
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Exclusive pp production at )* ~ 0 @

[1 high energy data (161 < /s < 208 GeV),
integrated luminosity L +.- = 686.7 pb™!
O ete” wetentn nto™
[0 4 tracks with zero charge
[0 no photons

0 dE/dx CL(47) > 6%
O ete s etentnln—n
[0 two tracks with zero charge
0 dE/dx CL(27) > 6%
O 4 photons E., > 100 MeV
0 two best 7¥ from constraint fit

0 p2(47) < 0.02 GeV?

Sample of 7t7~ w7~ — 69542 events (66838 in 1.0 < W.,, < 3.0 GeV)
Sample of 7T 77~ 7w? — 5263 (4740 in 1.0 < W, < 3.0 GeV).

0
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Efficiency and detector acceptance

Detector acceptance and selection efficiency ¢ determined
ﬂHOB ZQ A EQTO mmsmﬁwﬁOH [ F. Linde, Ph.D Thesis, Smm_v

0.14r 0.012
x - + (0"
A - —p p(0.0)
0.121 0.01- —p p(0,0)
i I e
: . 2 .2
0.1 i PP A v
w ! ., 0.008[-
2 0.08 9 i
s 3 0006} \l/
= 0.06[ = [
Ll B LLl B
i 0.004
0.04{~ i
0.02[- 0.0021~
Hk 1 | | % 1 | 1 | % 1 | | | % | 1 | | % 1 | 1 | % | | | | % 1 | | | Tk 1 | | % 1 | 1 | % 1 | | | % | 1 | | % 1 | 1 | % | | | | % 1 | | |
85 1 15 2 25 3 35 4 85 1 15 2 25 3 35 4
W, [GeV] W, [GeV]
Trigger efficiency calculated from the data:
0 91.8% for m™n—wtn—
0 51.8% for w797~ 7Y
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Partial Wave Analysis method @

[l Performed 1n 1.0 < W,, < 3.0 GeV

[1 Model with pp in different spin-parity states
@HHQ WMOﬁHO@wO %ﬁ. [M.Althoff et al. Z.Phys.C16,1982]

0 A,, ~ BW1sBW3,WV ;p ; +perm.
0 Agr ~ 1
0 pp(J7, J.) =
(07,0),(27,2),(07,0),(2%,0),(27,0(1,2)) and
47 isotropic, no interference, significant pp
only 0% and (27, 2); 47 isotropic is effective
background
(] MC integration of |A,,)|?

[l Likelihood fit to the data in each W, bin

April, 7-11 Exclusive 7 T7n w77~ and n T 707~ =0 S. Nesterov

Photon 2003 production in two photon PNPI, Russia
collisions at L3 (page 6)



Fit results for pp

o M(r"7~) and M(n*xP?)

M(7wt7~) spectrum
12000?15<W <22GeV * Dara
wod ¢ —MC fit

8000;

6000;

4000;

2000;
:\\\‘\1111111111111111111
0O 02 04 06 08 1 12 14

M(mt't) [GeV] (4 entries)

e Angle of pion in C.M.S.
beam axis (Adair angle)

15<w, < 2.2 GeV

M(mE7%) spectrum

800

e Data
—MC fit

700 1.6< W, <22GevV
600,
500,
400
300,

200,

I N L L R |

100,

- ‘ Ll l - l - - i —— -
02 04 06 08 1 12 14
M(r®) [GeV] (4 entries)

O

of p with respect to the

400 16< WW <2.2GeV

angle of 77 in p° CMS  angle of 7F in p© CMS
22000f- B
20000} 1200¢
18000 Looo
16000 i
14000} 800
12000} @ Data i eData
10000k —MC fit 600 - —MC fit
8000
o

6000
4000
2000

Cooo b b b b by by by by g gy

-1 -08-06-04-02 -0 0.2 04 06 08 1

Cos(6,,)

April, 7-11
Photon 2003

Exclusive 7'r+ T

_71'+7T_

7r+7r071'_

L —

2001~

11111111111}111}1111111111111}1111111

-1 -08-06-04-02 -0 0.2 04 06 08 1
Cos(6,,.)

S. Nesterov
PNPI, Russia
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Cross section for vy — pp

30p
B 1
25 4% 0.0
I S S PP
2 20 ¢
—~ s
ARG S +
i i :
$ 0k re
5 9 T4
o e #.9.
12 1416 16 2 22 24 26 28 ¢

M(@4m) [ GeV ]

30r
]Nm D+D-
mmow
W, 15} _ 1+1 P
I ]

1 T p_l +¢L1_ |

owT:;:;:;,,;:;:;,_;:ﬂww

April,

1 12 14 16 18 2 22 24 26 ,N.m

M (4T) [ GeV ]

o(yy —~ p°p% [nb]

o(yy — p'p) [nb]

30F
NmW O+
20
15
10
a2 -
mH re --9:90:9:0-
-9
ole®L. .. , 0. 0090.00:0
26 18 2 22 24 26 28
M(4m) [ GeV ]
30r
NmW O+
20
151
10
L
T <+ [ To L
SRR« AP O
Ot g
r$15712%06 15 2 22 24 26 28°-

M (41) [ GeV _

o(yy — p°p% [nb]

o(yy — p'p) [nb]

30F
25 +
: 2" 2
Nou\ ‘.‘.@c‘
151
10
5 .9.
51 e
o o
@ , ’,E
[ 1214 16 18 2 22 24 26 28
M(4m) [ GeV ]
301
251 +
H 2" 2
20
15}
10
5t 1&141
bt
00®17 14 16 18 N 52%52 26 28 3

e Total pp and dominant partial waves cross sections
e Isospin ratio of the pp cross sections is incompatible with I = 0,1

7-11

Photon 2003

Exclusive 7 + iy

production in two photon

collisions at L3

(page 8)

ﬁ.+ﬁ.| and q_.l_.ﬁ.oﬂl

TT

0

M (47) [ GeV ]

S. Nesterov

PNPI, Russia



Cross section for vy — pp

120 40r
H TASSO - A CELLO
- __ A PLUTO 35 v ARGUS
100}~ 44F v CELLO i ﬁ L3
i .>_ |L_ B ARGUS 30 —v—
8ol _ _ﬁ _ ® L3 _ . _ 7
®) i . A o 25
m_ H . 3 .}. _ _ _m_ N —A—
_ 60 Lm o m VT 20 —A— AT 7
Op H .*. _ +p -
00. B * GO. 151 $ —@=
40f w - | —A— _
- - . _ - — Vi
of @ e*%ee _.++ Ay Hom _ _ Iﬂl
- Ve 6&&@. - 5 Iﬁl —V—o— __u _
SR @ - A—
— - - _ —AP—
Ou.._._:;:;:;:;:;: Okk:;:;:;:;k;:;:f:::
1 12 14 16 1.8 2 22 24 26 28 3 1 12 14 16 1.8 2 22 24 26 28 3
W, [GeV] W, [GeV]

= Broad enhancement near threshold of vy — pp

April, 7-11 Exclusive 7 T7n w77~ and n T 707~ =0 S. Nesterov
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Exclusive p’p’ production for 1.2 < * < 30 GeV? @

[ Single tag eTe™ — eTe, 77" — efeq,p’p’
0 tagged electron 25 mrad < 6 < 68 mrad
0 pewemTm mtr) < 0.2 GeV?
0 g > 80% Eheam

= Z-pole (/s =~ 91 GeV) 1.2 < Q? < 8.5 GeV?,
Lo+.— = 148.7 pb~1
= high energy data (1/s ~ 195 GeV)
8.8 < Q? < 30 GeV?, L+.- = T706.0 pb~!
= at Z-pole sample of 851 events with W., > 1 GeV
= at high energy sample of 498 events with .., > 1 GeV

April, 7-11
Photon 2003

Exclusive ﬁ.n_lﬁ.lﬁ.lTﬁ.l and ﬂ.+ﬁ.oﬂ|ﬂ.o S. Nesterov

production in two photon PNPI, Russia
collisions at L3 (page 10)



M(7"7~) spectrum

Combinations/ 30 MeV

Combinations/ 30 MeV

April, 7-11
Photon 2003

200
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80
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40 |
20
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M (1T TT) [GeV]

__Z_____fﬁﬁiikﬁﬂF

L3

1 15 2 2.5
M(@TTTT) [GeV]

Exclusive 7 + iy

production in two photon

collisions at L3

qa¢|Qﬂ|| and Qﬂ;uqqoqq||Qq

15|

iow [GEV]
=
o)
=]

+
Tt Tt

O0ooo0O0O0eO0a oQse

M(
o
&

0

(page 11)
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Fit results for p'p°

o M(nt7™) in different Q* and W, regions
260 f 3 O
F 2 2 2 I 2 2 2
= | | 35GeV <Q°<55GeV | = 5 | 18 GeV < Q <30 GeV
Q | | o3|
(0] Q0 b o [
z | z2
Yo 2 Y% s 1 1 7
M(T'TT) [GeV] M(T'TT) [GeV]
40
a0 | 3 |
> ¥ 1.8GeV <Wyy<21GeV | 2 20| 2.4 GeV < Wyy<3.0GeV
o B 'y o 3
© 60 | \ ® | |
20| 22| T4,
0l 10 [
%005 1 15 2 Yo es 1 152
M(T'T) [GeV] M(T'T) [GeV]

e Production angle and angle between decay planes

250 250
200 k a) L3 200 k C)
- g
i aave ST S SN -
g | 7 Rt o
£ 100} + + 2 100 | -4
L I 0 I
50| 50
S __
0O 02 04 06 08 1 0O 20 40 60 80
cos(®,) A [deg]

Points represent the data, histogram shows fit
results, hatched area shows p’p° component

April, 7-11 Exclusive 7 T 7 w1 7 and 5. Nesterov
Photon 2003 a7t 20— 10 PNPI, Russia
production in two photon

collisions at L3 (page 13)



Cross-section of yv* — p°p°

Z-pole data High energy data
10
1.2GeV< Q< 8.5GeV’ 2 | 8.8Gevik Q< 30GeV’
ol ¢ A X | R o 3 L3
i o _uaa+a.+§ (NR) 15 o %a+a.+§ (NR)
_.M 6 o + M + +
o 4 + S
| + ¢ b ?
VAR 5
- + ¢ © | ¢
O : l . l . l . l . 8 . O I . | . | . | . l . e .
1 1.5 2 25 3 35 4 1 1.5 2 25 3 35 4
Wy |GeV] <<§ |GeV]
e Broad enhancement near threshold of
vy — pp? as seen in measurement at Q* ~ 0
e Interval 1.1 < W,, < 3.0 GeV is chosen for
(Q*-dependence
April, 7-11 Exclusive 7 T7n w77~ and n T 707~ =0 S. Nesterov
Photon 2003 production in two photon PNPI, Russia

collisions at L3 (page 14)



Cross-section of yv* — p°p°

F 21
- _|w ® DATA 10 —Iw ® LEP191 GeV
I —GVDM S : O LEP2 195 GeV
e > 10| — FIT~ 1/ @4Q+<Wy>*))
10 )
= | S I
2| &
i ™ 1}
UW 1 ml w 10 -
B /6 ) I
i o° 10 F
1 o , :
nﬁﬁu M|________ el el ol PR ”—Av W . . L
2 1
10 HON HN 10 1 10
Q? [Gev ] Q” [GeV]]
[0 Agrees well with GVDM form 0 Fit with 1/(Q™(Q* + (W)?)?)
factor, p-pole is not sufficient oem =24+03 ((W)=1.945)
e Agrees with QCD expectation
m = N [M. Diehl et al. PRD 62 073014]
April, 7-11 Exclusive 7 T7n w77~ and n T 707~ =0 S. Nesterov
Photon 2003 production in two photon PNPI, Russia
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High .., two pion mass spectra

B e 700 |
14t 24GeV <W, <50GeV il - ® DATA
: 0o o .Tiiiiiiii|  eoof 2on
L2 PP iEmoiirdii:: Y B Background
- T 500
= H_.W e s ooOD00o0 @ s = st= = » W
3 B rooO0O0edosoa s six = - M
= nal CoooosoOOOODD a . . 400
= 0.8 _Wmn_n_n_n_n_n_wnum__m__wn_nnmuu . 3
t . OooooO0oocoOOOo oo —
= oo sgezrzzsesiirzanis: 8 300
= 0.6 Bmmmasssmaimmnnnnnin. =
B s B m o= mo=omoE B'0 = = m o m ='m = [
- R i M B A4
04 e .
H + &« = = = = = = m..m HOO
0.2[ s
OHVVV%VV %kk %kk %kkk%kkk%mk %kk %kkm%kkk Od‘--ﬂlhl-%“-muﬂlnuuhkk %kkk%kkk%kk %kk %kk %kkk

0 02040608 1 12 14 16 18 2 02 04 06 08 1 12 14 16 18 2
M (TT°TT) pigh M(t'r) [GeV]

M,=763+4GeV  T,=170+21 GeV
My, = 1282415 GeV Ty, = 273 + 130 GeV
My =1738+19 GeV  T', =130+ 61 GeV

e p(770), f2(1270),p'(1700) are clearly seen

April, 7-11 _

Exclusive ﬂ.n_lﬁ. ﬁ.+ﬂ.| and ﬂ.+ﬁ.Oﬂ.|ﬂ.O S. Nesterov

Photon 2003 production in two photon PNPI, Russia
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Breit-Wigner fit for high W,

i el 350
L4 24Gev <W, <50GeV ::i::. i ! ® Data
| v - it | 300f —Fit
L - PP smmmeLlTIIT Y B U Background
e ‘l’ cpmiriialiiinulls 250 24GeV <W, <50GeV
3 R e
% 0.8 Ooo0ono00-o0ana-ad 8 |
E Goae555as05 =aass 5 § 150
S 0.6 e = &
i Lo ILIRt Loy D 100F
04  ..... S :
[ e e e soF
0.2[~ .
i | | | | | | | | | O:"““\ | | | | | | |
O0 02 040608 1 121416 18 =2 02 04 06 08 1 12 14 16 18 2
M (TET€) i g M (Te10)
2, Oe s OO0 = = B
B ﬂﬂ'ﬂﬂnﬂ'll'i" 80? ® Data
18 == [ 24GeV <W, <50GeV —Fit
16; l-llﬂnnaﬂan-:pﬂ s . /) ol L ' [ Background
. - ooo -0O0 - u..p. - E
14F .?EZEEEEEEE;.::. . 60F
YOURR -...u...-..n.n..e..l:l.anE.EIE,E.E..E..-...E......-. ...... g -
| O = .ﬂul = o= - |
?125 = o= s Dooano -;EDEE- 8 50;
C\E_/ 1:7 nnnnnn_ﬂuunnn = 540}
2 B = o s 0= o -u-u_ﬂunnn L] Qo B
O_8j " s owm nun.ﬂn-nﬂnn . : N
- n uﬂﬂﬂ'ﬂu;nanunn- LICJst
06; = o - Ll ;u- 0oosO0oao s 20;
0.4f B :
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M (TT1T) M%) [GeV]

M, =773+ 8 GeV I, = 191 + 25 GeV
Mf = 1273 + 14 GeV Ff2 =112 £+ 67 GeV

2
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Summary

[0 Exclusive pp production at QQ* ~ 0
0 Dominance of (J¥,J,) = (27, 2) spin-parity state
[0 Broad enhancement of pp near threshold
0 Cross section ratio o(p’p®)/o(p™p~) is incompatible
with isospin I = 0,1
0 Exclusive p°p° production at high ()?
0 Broad enhancement of p°p° near threshold as for Q2 ~ 0
[0 Good agreement with the QCD expectation for differential cross
section dog+ .- /dQ?
0 GVDM form factor describes well Q* dependence of o,

0 Measurements of the o, at Q* ~ 0 and for Q% > 1.2 GeV* are
consistent

0 Low and high Q% data are consistent with the same QCD
prediction

LI High W.. region
O In mtn—ntn™ pP(770), f2(1270) and p’(1700) are clearly seen
O In 7t 7%~ 7% p*(770) and f,(1270) are seen
— +ﬁ.03.|ﬂ.0 S. Nesterov

April, 7-11 Exclusive n T 7w ntx and T
Photon 2003 production in two photon PNPI, Russia
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Cross section for vy — 7 ntn~ @

100
90
80
70

| =] _ m ARGUS
T T ® L3

O, [NO]

_‘Illlllllllll|IIII|IIII|IIII|IIII|IIII|IIII|IIII

1 1 T _
N“_.hn_.mu_.m N NNN#N@N& 3

[GeV]

-@-
0 0.0.000
1 H_.

— Comparison of total vy — #t7w 7w 7~ cross
section

April, 7-11
Photon 2003
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