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Improvements for run IIImprovements for run II

� La rger h c overage for rap id ity gaps and  
forwa rd  jets: new BSC, minip lug .

� New p lug c a lorimeter for jets/ gaps.
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Diffrac tive Dijets: struc ture func tionDiffrac tive Dijets: struc ture func tion

SD/ ND d ijets -  d ifferent x ranges

� Good agreement with run I in 
norma lisa tion and  x

Bj 
dependenc e

� No  x dependenc e observed  
   0.03 <  x < 0.1 (as in Run I)

x10

x0.1

� SD jj

� ND jj

F jj
D x

F jj x
LO QCD:              =

Sing le d iffrac tive (SD) d ijets:
  - Use roman pots to  tag . 
  - Selec t 2+ jets: 
    c orrec ted  E

t
 > 5GeV, | h

1,2
| < 2.5

Non d iffrac tive (ND) d ijets:
   As above, no roman pot hit.
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Run II measurement.



Tagged  p : 0.035 < x < 0.095
rap id ity gap  p side:  0.01 < x < 0.03
2 jets E

T
 > 7 GeV

       Þ  130 events

Inclusive s = 43.6± 4.4 (stat) ± 21.6 (syst) nb

Exclusive s < 3.7nb (95% C.L)

Double Pomeron Exc hange in run IDouble Pomeron Exc hange in run I

Mass Frac tion:
      R

jj/ X
= M

jj

c one

               M
x

exc lusive: 0.7 < R
jj/ X

 < 0.9

p p � p

�

jjX

�

p
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� Use to  test c a lc ula tions or to norma lise 
c a lc ula tions of d iffrac tive Higgs.



Trigger Requirement

� Tag p  in roman pots

� Gap on p -side in BSC (5.5 < h< 7.5)

� Ca l tower E
t
> 5 GeV

� 26 pb -1 p resc a led  x5 

Add itiona l Event selec tion

�  0.03 <   x 
p
  < 0.1

�  Gap in minip lug  (3.6 < h< 5.1)

�  N(good vertex) <= 1

�  No signific ant missing  E
t

�  2+ jets (c one 0.7) E
t 
 > 10 GeV 

(c orrec ted  E
t
),| h

1,2
| < 2.5 

DPE Dijets: event selec tionDPE Dijets: event selec tion

 X200 improvement in sta ts on run I
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DPE Dijets: kinematic  propertiesDPE Dijets: kinematic  properties
Jets in DPE c ompared  to SD:
 

�   Fa irly simila r E
t
 d istribution

�   Jets now a lmost c entra l aga in
    ( x 

p
~ x 

p
 )

�   Even more bac k to  bac k in f  
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DPE Dijets: Mass Frac tionDPE Dijets: Mass Frac tion

Min E
t
(jet1)          Cross Section (R

jj
 > 0.8)

  10 GeV         970 ± 65 (stat) ± 272 (syst) pb
  25 GeV           34 ±   5 (stat) ±   10 (syst) pb  

R
jj
 =      Dijet Mass

         Diffrac tive Mass

 

 R
jj 
will be la rge for 

 exc lusive events
(but <1 due to out o f 
c one energy)
 Smooth d istribution

Note:
  Here c orrec tions for 
underlying event or to get the 
parton energy a re not app lied  
in the ca lcula tion of  M

jj
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DPE Dijets: event p ic turesDPE Dijets: event p ic tures
R

jj
 = 0.36, E

t 
1(2) 36.2 (33.3) GeVR

jj
 = 0.81, E

t 
1(2) 33.4 (31.5) GeV

 M
jj
 = 53 GeV  M

jj
 = 47 GeV

Angela Wyatt, UCL                                                                8                                            Physics with Forward Detectors



 (GeV)tDi-muon P
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

E
ve

nt
s/

bi
n

0

5000

10000

15000

20000

25000

30000

35000

CDF Run 2 Preliminary

Selec tion of an inc lusive J/ y  sample 
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Di-muon Invariant Mass (GeV)

2.8 3 3.2 3.4 3.6 3.8 4

Ev
en

ts/
bin

0

200

400

600

800

1000

1200

2x10 CDF Run 2 Preliminary

Di-muon y
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

E
ve

nt
s/

bi
n

0

10000

20000

30000

40000

50000
CDF Run 2 Preliminary

� Events a re triggered  on by a  d i-muon trigger

� Muons have P
t 
> 1.5 GeV,  | h|  < 0.6

� Rejec t c osmic  rays with time of flight info.

� Selec t events in J/ y  mass window.



Rapid ity gap selec tion at CDF 
Beam/ elec tronic  no ise means tha t exc lusive isn't zero signa l
                                                    Þ   define rap id ity gap  by a  c ut a t low energy
Used  trigger unb iased  data  to study this c hoic e.

Events with no c entra l interac tion have little 
energy in the detec tor

Events with a  c entra l interac tion 
typ ic a lly have energy in the detec tor.

 E(MP anti-proton side) GeV)Slog(
-310 -210 -110 010 110 210 310-310 -210 -110 010 110 210 310

Ev
en

ts/
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CDF Run 2 Preliminary No Interaction

Diffractive interaction

Non-diffractive interaction

Events with a  c entra l 
interac tion tha t a re tagged  
as d iffrac tive  a re a lso well 
sep ara ted .

The tagg ing  of d iffrac tive
events is not very sensitive
to the exac t c uts.
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Selec tion of double pomeron exc hange 
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� Selec t doub le pomeron exc hange
                    N(BSC p) = N(MP p) = 
                    N(BSC p)  = N(MP p) =  0

� Selec t single d iffrac tive samp le
         N(BSC hits) = N(MP hits) = 0
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Kinematic s of the J/ y  in DPE  
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� Selec ted  doub le pomeron exc hange (DPE)

� DPE events have a  lower J/ y  P
t  

�

 
Otherwise, very simila r to inc lusive sample.
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Selec tion of exc lusive events 
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� Sta rt from the DPE sample.

� Ignore the trac ks and  c a lorimeter towers of the J/ y .

� Define events as exc lusive if they c onta in:
    - no muon stubs.
    - no towers Et > 0.1 GeV
    - no trac ks

� Allow 1 EM tower in the event. Number of EM towers before c ut:

 From 107 DPE events:
13 events just J/ y  
10 events just J/ y  + g
and  nothing  else 
OBSERVABLE

These 23 events a re DEFINED 
as the exc lusive sample.
They may not a ll be truly exc lusive.
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� Compare the 'signa l' rejec ted  
by the noise c uts in exc lusive 
events to non-interac tion events
in zero b ias da ta
                    - good  agreement.

BSC counts

0 100200300400500600700800900

E
ve

nt
s/

bi
n

0

0.5

1

1.5

2

2.5

3

BSC counts

0 100200300400500600700800900

E
ve

nt
s/

bi
n

0

0.5

1

1.5

2

2.5

3

Exclusive

No 'Interaction'

CDF Run 2 Preliminary

| < 3.64) tower energy (GeV)hPlug (2.61 < |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
ow

er
s/

ev
en

t

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10
2

| < 3.64) tower energy (GeV)hPlug (2.61 < |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
ow

er
s/

ev
en

t

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10
2

Exclusive

No 'Interaction'

CDF Run 2 Preliminary

MP (anti-proton side) counts

0 100200300400500600700800900

E
ve

nt
s/

bi
n

0

2

4

6

8

10

12

14

16

MP (anti-proton side) counts

0 100200300400500600700800900

E
ve

nt
s/

bi
n

0

2

4

6

8

10

12

14

16
Exclusive

No 'Interaction'

CDF Run 2 Preliminary

| < 1.10) tower energy (GeV)hCentral (|

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
ow

er
s/

ev
en

t

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

| < 1.10) tower energy (GeV)hCentral (|

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
ow

er
s/

ev
en

t

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
Exclusive

No 'Interaction'

CDF Run 2 Preliminary

| < 2.61) tower energy (GeV)hPlug (1.10 < |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
ow

er
s/

ev
en

t

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

| < 2.61) tower energy (GeV)hPlug (1.10 < |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

T
ow

er
s/

ev
en

t

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Exclusive

No 'Interaction'

CDF Run 2 Preliminary

Exc lusive energy d istributions 
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Cosmic  background rejec tion
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� Cosmic  ray rejec tion was c hosen to  
rejec t 100% of c osmic  rays.

� Can be a  signific ant bac kground, so we
c hec k many variab les tha t no event looks 
like a  c osmic  ray.

� Examples a re: trac k opening  angle, further 
timing  information, trac k c orrela tions.

Angela Wyatt, UCL                                                                15                                          Physics with Forward Detectors



Kinematic s of the J/ y  in exc lusive events  
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� 23 events: J/ y  or J/ y  + g

�The J/ y  has even lower P
t 
than in DPE,

but not zero P
t
 - rec oils aga inst outgoing pp  

� Again, the other variab les look similar.

�

 Very little c ontinuum bac kgound.  
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Mass(di-muon)/Mass(all) (GeV)
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Are the events from exc lusive produc tion?
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� Plo t  M
J/ y  

/ M
x

M
x
 = Mass of a ll trac ks,towers 

� You do see a  peak, BUT, this ma inly 
shows tha t the d istribution has a  low 
multip lic ty.

� Plo tting  the multip lic ity d istribution may 
be less mis-lead ing.

� N Hits is the to ta l number of 
trac ks+towers.

� Not possib le to d istinguish between
 -low multip lic ity d istribution
- higher multip lic ity d istribution +  
               add itiona l exc lusive events

All DPE
Sample
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Are the photons from c
c 
dec ay?
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Constant  1.185± 2.634 

Mean      0.07604± 3.436 

Sigma     0.08413± 0.1799 
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� This is very hard  to tell.

� The photon E
t
 is so low in c

c   
p roduc tion tha t its

d istribution is very simila r to the bac kground .

� The da ta  d istribution is similar to tha t expec ted  
from c

c  0
 a fter detec tor simula tion.

� With 10 events c annot tell the d ifferenc e 
between a  fa lling d istribution and  a  mass peak.

� The mass resolution is worse in da ta . Other c
c  
 

a re possib le, but may be supp ressed . 
 

 10 events
   J/ y  +g
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Invariant mass of a ll 'exc lusive' events 
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 A: No cosmic  veto.        B: Cosmic  veto added
 C: Require 1 EM tower  D: Cosmic  veto+1 EM tower

The c osmic  bac kground rate
is la rge.
There a re exc lusive d imuon 
events tha t a re not J/ y .

� Compare A and  C 
  - photons oc c ur more often in  
 J/ y  events than c osmic  events 
   - not noise?

� Compare B and  D 
  - photons oc c ur more often in  
 J/ y  mass peak than c ontinuum
  - some a re rea lly  c

c
??
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Upper Limit on the Cross sec tion

� If ASSUME 10 events a re a ll exc lusive J/ y  + g  (no fake photons, DPE ...)
 from

 Þ  s =  (BR(J/ y  Þ  mm) x (49  ± 18 (sta t) ± 39 (syst)) pb ) 
         =  0.8 nb  ±  0.3 (sta t) ±  0.7 (syst)) pb  
for exc lusive J/ y  + g p roduc tion, with | y|  < 0.6.

�

�

N evt

L �

S

�

H A j

�
�

�

j

�
� A� �

cosmic

� Estimate from
Khoze, Martin, Ryskin
Eur Phys J. C19, 477(2001)
    s  » 600 nb
(unc erta inty fac tor 2-5)
s  J/ y  + g  »   6 nb
| y|  < 0.6   » 1.2 nb
(a ll events a re c

c

0)
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c
c

0 summary 

� We observe DPE events in which there is a  J/ y  or a  J/ y + g and  
nothing else OBSERVABLE in the detec tor (defined  as exc lusive events).

� All of these events may be exp la ined  by standard  DPE models, IF 
 the multip lic ity in DPE is low.

�

a  serious estimate of the DPE c ontribution  to  the exc lusive events 
(it c ould  be 0-100%) or o f the bac kground  c ontribution to  the photons.

� There a re 10 events whic h a re c ompa tib le with exc lusive c
c
 p roduc tion 

and  we use these to give an upper limit and  hope to  improve this la ter when
 we have a better hand le on the multip lic ity and  bac kgrounds.

� While the results a re c urrently amb iguous, with more da ta  and  better 
understand ing of the detec tor and  Monte Ca rlo  models we will be ab le to 
lea rn more.
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Exc lusive Produc tion as a Spin-Parity 
selec tor

]
2

 Candidates [GeV/c-p+pyMass of J/

3.65 3.7 3.75 3.8 3.85 3.9 3.95 4
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/c
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  67 Candidates±704 
2

 0.7 (stat)  MeV/c±Mass: 3871.4  
2

 (Fixed): 4.3  MeV/cs

(2S)y  99 ±3678 
2

 0.08 (stat)  MeV/c±Mass: 3685.67  
2

 0.09 (stat)  MeV/c±: 3.41  s

-1 ~220 pbRun II --- CDF Preliminary
2

) > 500 MeV/cppM(

� CDF has a lso observed  the X(3872) sta te rec ently d isc overed  a t Belle.

� To work out what this is we need  to  know the C-parity.

� Observing the sta te in exc lusive p roduc tion would  show C +.

� CDF would  trigger on this p roc ess and  c ould  observe it
     IF there was a   la rge enough ra te (would  p robab ly take a  long  time though)



Future Exc lusive Searc hes at CDF 
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 DPE Dijets: bb

 Exc lusive gg Produc tion

� Lower sta tistic s but fewer unc erta inities.  

� CDF a re currently develop ing  a  d iffrac tive d i-photon trigger with low E
t
 

threshold  (analysis should  be something like: E
t
 > 5 GeV, h < 2)  

� Should  be ab le to go down to low M(gg) and  maybe measure R ( gg/jj) to test 
c ross sec tions 

1

Rjj(all) / Rjj(QQ)

Rjj(all)

Rjj(QQ)

Rjj
0

Khoze, Martin, Ryskin
Eur. Phys. J. C23, 311 (2001)

�excl(ggPP ®  qq)

  � (m
q

2/M
JJ

2)(1 – 4m
q

2/M
JJ

2) ®   0 

at M
JJ

 » m
q

*no such term for �excl(ggPP ®  gg)

�

 DPE b/c-jet production is interesting in itself
�

 Extract exclusive dijet:
    - normalize R

jj
 for all jets to R

jj
 for bb jets

    - look for excess as R
jj
 ®  1

Pros:  many systematic effects cancel out 
Cons: limited statistics



�  CDF detec tor working  extremely well: BSC, mini-p lug  fully working, c a lib rated .

�  Run II d iffrac tive measurements c onsistent with Run I (detec tors understood )

� New Results:
  - Single Diffrac tive d ijets stud ies.
  - Huge inc rease (x200) in double pomeron exc hange d ijets  samp le
  - Dijets seen in exc lusive reg ion, but smooth d istribution.
  - Observa tion of exc lusive J/ y + g c and ida tes.  

� Working on improved/ new measurements, e.g .:
   - Higher sta tistic s d i-jets, J/ y + g
   - Di-photon and  bb

� Should  be ab le to: 
     - make a  range of measurements to test exc lusive p red ic tions
     - reduc e experimenta l uncerta inities

� Need input to  understand  whether we rea lly see exc lusive events or if they c an
 be expla ined  by DPE - a re these low multip lic ity?

SummarySummary
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