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 Exclusive Charmonia at COF §




Region n_fange

Central 0.00 - 0.66
End Wall 0.66 - 1.32
Mid Plug 1.32 - 2.11 — ‘
mwdplig  211-364 || MiniPlug Calorimeter
Mini Plug 3.6-52
BSC 1 5.4-5.9 35<n| <55
BSC 2 6.4-7.1
BSC 3 6.7-74

1/
A Roman Pot deployed detector is placed on one side
of CDF at at 60m from the IP. (RPS acceptance ~80% for
0.03<x<0.1and |tf| < 0.1)
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Central Exclusive Physics

Central state
Proton/antiproton does not
break up during interaction

> 3 rap-gap > 3 rap-gap

Proton/antiproton does not
break up during interaction

... both protons coherently scattered. Central state fully
specified and measured, unlike “inclusive” production:

AENU l s introductionss|syy=s sl IR=1/ &y (2s) s IRIPs=sxyp=srd sy
4/28/09 James L Pinfold DIS 2009 Madrid




Exclusive Production (1)

»P p

a
»P p

gamma-gamma photoproduction

Trigger (DIFF_CHIC_CMU1.5_PT1.5_TRK):
BSC Gap, east & west (BSC1-5.4<|n| <5.9)
muon + track (p; > 1.3; |n| < 1.2)

2.7 < M(muon + track) < 4.0 GeVc? (3rd level)

The existing sample corresponds to a lumi of 1.48 fb™"
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Production (2)

Example exclusive u*u: event:
Run 199559, Event 13120174
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Exclusive u*u- Production (3

Offline cuts:
Loose quality cuts
Two oppositely charged muon tracks
No other activity in the events (to an |n| of 7.4)

Pr(u) > 1.4 GeV/c & |n(u)| < 0.6

Cosmic ray cuts (abs (delfa..TOF) < 3 ns)
Exclusivity cuts:

No other patrticles in the event
At most one EM shower with E;F > 80 MeV and |n| <2.1

STARLIGHT Monte Carlo simulation employed (S. Klein &
J. Nystrand) for photoproduction and QED channels

ChiC-MC (James Stirling) employed for DPE y. channel
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_andidates (1)

p+P—=p+u u +p

CDF Run |l

= Jp L =139 pb”’

2

effective
Fit: 2 Gaussians + QED continuum.

Widths 15.8,16.7 MeV=resolution.
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QED = generator x acceptance
3 amplitudes floating

402 events
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The yy>u*u: continuum T —

Solid lipe = STARLIGHT MC: yy 2 w'u
3.2 < Miutu)< 36 GeV & 38 < Murw) < 4.0 GeV.

LI BB |

CDF Run |l |

Solid line - STARLIGHT MC: , yy > whu-
3.2 < M{utu) < 3.6 GeV & 3.8/< M{utu-) < 4.0 GeV.

number of events
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number of events
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True Rapidity of dimuon
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CDF Run Il |

Solid line = STARLIGHT MC: yy 2w
3.2 < Mutu)< 36 GeV & 3.8 < M{uru) < 4.0 GeV.

IIYIIIII

number of events

PEEPEE PR TR

|
3 3.5 4
Ad of dimuon (rad)

o

-_rTTTT

Good agreement on kinematics with W o
STARLIGHT MC (Klein & Nystrand ) | . e ot dimuon oV
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CDF Runlli

— —— data
(] STARLIGHT MC
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] STARLIGHT MC
Jhy — ptw
3.06 <« M(p*p’) « 3.12 GeVic?
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CDF Run i

- —— data 3.06 < M(jy*1') < 3.12 GeVic
[] STARLIGHT MC
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Ao (uw) (rad)
Good agreement on kinematics with .
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L (28) ot

The yy — y(2s) — p'uc

CDF Run li CDF Run II

—
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- [_] STARLIGHT MC
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v - ptu
3.64 < M(u*p) <3.72 GeV/c’

— data
_H_ STARLIGHT MC
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3.64 < M(u*’) < 3.72 GeV/c”

Events per 0.1 rad
N
o

—_
(&)
[*2)

Events per 0.1 GeV/c

| | \ | P |
3.5 4 R 5 2 2.5 3 .. 3.5
Ao (u'w) (rad) Pr (1) (GeVic)

Good agreement on kinematics with STARLIGHT MC (Klein & Nystrand)

As with the J/y channel odderon exchange could contribute to this channel
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Similar selection as u*u- search with
additional isolated EM shower req.

10 candidates in 93 pb-? of data from an
OLD analysis

New ChicMC (James Stirling)

Problem is - understanding low energy
photon from the X, decay
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Many more events with new trigger b8 3 32 34 36 38 4

Di-muon + photon invariant mass (GeV)
BR (x° = Jy+y —>pu'uy
x no other interaction x
acceptance (trig) = few pbs
MENU [l sintroductionss |syy=spripsess l FIP=1/1 &) 28) | IPIR =1y g=>rd/py»
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CDF Run lI . CDF Run Il

—— data
%c MC+CDFSim

. data (J'y mass window

— .. MG

Events per 0.05 rad
Events per 0.05 GeV/c

Il
L

‘ees b ot wd w.o. uu wa wm um wv um ww 5
26 27 28 29 3 31 32 s y I - 1.2 1.4 Mass(u'u+EmTower) (GeV/c)
Ao () (rad) Py (1'1") (GeVic)

The ChiC-MC (James Stirling) is a good fit the data

Good fit to u*u- kinematics from x,, if there is an EM shower in the event
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Estimating the . Contribution

CDF Runll

Plot show fit of ET spectrum for
events with:

— EEM. tower > 100 MeV.
Total number of x, events: 68.2 + 8.3

65.4 x, events above the 80 MeV
exclusivity cut
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Events per 50 MeV

1.9*28 , 4 X, event background to
exclusive J/y signal

500 600
EEM (MeV

* Addition y inefficiency from:

Data — Conversions -7 * 2%

Total number of events 682 . .
Number with @N.E > 80 MeV 652 654 Dead regions 5.0+ 2.5%

Number below 80 MeV (extrapolated) 28 — Total inefficiency - 17 + 4%

Number 80-100 MeV 2.3 2
— Background t -
Number > 600 MV 7.6 0 TEL i

o MENU = [l Introductions[wpy=s = lIP=/y&p(2s) | IPIP=> = ysps
4/28/09 James L Pinfold DIS 2009 Madrid




Backgrounds

Class I/ P(28) vy — T Xxeo(1P)
Backgrounds:
Fragmention(%) 942 0+2 842 1142
Non-exclL(%) 343 3+3 0+ 343

XOOA&V %OH_HHQ - - -
Events-B/G 243+21 3447 65110 5618

* An important background is undetected proton fragmentation estimated
using the LPAIR MC:

The proton frag. probability at the pyp(p*) vertex is estimated as 17%

The proton frag. probability at the plPp (p*) vertex is estimated as 24%
* From the ratio of single diffractive frag. To elastic scaftering at the Tevafron

The probability that all proton fragmentation products have |n| >7.4 is 14%
The probability that decay products may not be detected due to BSC inefficiency is 8%

V mze.I-L.ﬂaeaeggl_é@ﬁéﬁl-ﬁm‘l&‘ég@%&m@@%@mé
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Class Iy 9(28) yy—p"p xo(1P)
Borkr(pb) 28.4+45 1.02+0.26 27405 8.0+1.3

B— utu~ (%) 5.9340.06 0.7540.08 - 0.076
+0.007

do|,—o(nb)  3.92:0.62 0.530.14 76+14

The yy — u*u- results agree with the Starlight and LPAIR MCs

The J/y results (ds/dy|y=0) agree with theoretical predictions:
— S.Klein and J.Nystrand, Starlight, Phys. Rev. Left. 92:142003 (2004).
— L.Motyka and G.Watt, Phys. Rev. D78:014023 (2008).
— W.Schafer and A.Szczurek, Phys. Rev. D 76, 094014(2007).
— V.P.Goncalves and M.V.T.Machado, Eur. Phys. J. C 40, 519 (2005).
The y(2s) result consistent with the Starlight prediction

R = y(2s)/y(1s) = 0.14 £ 0.05 is in agreement with the HERA value
R = 0.166 £ 0.012 at similar vs(yp) (H.Jung, Acta. Phys. Polon. Supp.1, 531 (2008)
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Summary & Conclusion

We have observed, for the first time in hadron-

hadron collisions, exclusive photoproduction of J/y
and y(2S), exclusive double pomeron production
of x.% and the QED process yy = u*j_.

— The results are in agreement with theoretical predictions

Our observation of exclusive y.° production
implies that exclusive Higgs boson production

should occur at the LHC & imposes constraints on
the p + p — p + H + p cross-section.

PRL containing the analysis of these results has
been submitted
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Class J/ P(28) yy—= pTpT Xeo(1P)
Acceptances:
Detector(%)  18.8+2.0  54+3 41.8+1.5  19%2
Efficiencies:
p-quality(%) 33.4+£1.7 4546 41.8+2.3  33%2
Photon(%) - - - 83+4
Events(fit) 286117 3917 7710 6518
Backgrounds:
Fragmention(%) 942 942 8+2 1142
Non-excl.(%) 3+3 343 9+5 343
xc0(%) 4.0+1.6 - - -
Events-B/G 243121 347 6510 56+8
B.orkr(pb) 28.44+4.5 1.02+0.26 2.7+0.5 8.0£1.3
B— putp™ (%) 5.9340.06 0.7520.08 - 0.076
+0.007
m%_enoﬁbdv 3.92+0.62 0.53+0.14 76114
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