Exclusive Central Meson Production

In Proton Antiproton Collisions at the Tevatron
at Vs = 1960 GeV and 900 GeV
!) JU LICH

Maria Zurek FORSCHUNGSZENTRUM
Research Center Julich
University of Cologne

on behalf of the CDF Collaboration




Physics Motivation
Double Pomeron Exchange (DPE)
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Analysis
GXG reaction

[P+P ~ P()+GAP+X+GAP+p (4]

X (in this study):
hadron pair mostly 1t 1

central |y(rt* )| < 1.0

between rapidity gaps An > 4.6
Q=S=0,C=+1,J=00o0r2,I1=0

Expected to be dominated by DPE in the t-channel!
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Collider Detector at Fermilab
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Collider Detector at Fermilab

CDF 1l
[ |
QUADs o V% QUADs
m— el | ——

— (= :I-D:I

\

[ |
~ TRACKING SYSTEM | | CCAL pcaL [mpcaL [ JcLc [ |Bsc

: « BSC - Beam Shower
 We do not detect outgoing

Counters
protons
_  CLC - Cherenkov Luminosity
 Forward detectors in veto Counters

« PCAL - Plug Calorimeter

We require all detectors, |n| < 5.9, to be empty except for two tracks
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Central Hadronic State Analysis
Candidates selection

Trigger requirements:  Gap cuts:

e 2 central (|n|<1.3) towers with To determine noise levels in subdetectors
E>05 GeV we divide zero-bias sample from same
7 Vo € periods into two sub-samples:

« PCAL (2.11<|n|<3.64) in veto

_ No Interaction: Interaction:

e CLC (375<|n|<475) INn veto At least one
. BSC1 (5.4<|n|<5.9) in veto *Notracks and = * Track — or
«NoCLC hits and * CLChit  or

« No muon stubs * Muon stub
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Exclusivity cuts

CDF Run Il Preliminary
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Central Hadronic State Analysis
Candidates selection

Exclusive 2 tracks:

— Similar technigue in region
of central calorimeter

- excluding cones of R=0.3
around each track extrapolation.

R=V(An)’+(Agf

Additional cuts:

« quality of tracks
e cosmic ray rejection

CDF Run Il Preliminary, Ys=1960GeV

1/N dNJ’dIogw{ Em Et/GeV }

— No interaction

—— Cut value

L
L ‘ 1 1

s [ R M
1.5 -1 0.5 0 0.5 1
log ) 0(Max Em Et in central calorimeter/GeV)

The “hottest” EM tower
must be less than 90 MeV

« 2 oppositely charged tracks
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Effective exclusive luminosity

CDF Run Il Preliminary

* Determination of efficiency of having no-
pileup using zero-bias sample. &

Data, {s = 900GeV

—— Exponential fit

We measure ratio of empty events (all
detectors on noise level) to all events.

eexc

*“+++++++
+*+

* Exponential drop with bunch luminosity. I / }*%#Hm
Background at beginning of store
* Slope corresponds to total detected 033505 01 015 02 025 03 035 04 045
Inelastic cross section. Bunch Luminosity (x10%%ms-]
1960 GeV 900 GeV
o (InI<5.9) 55.9mb 65.8 mb .
L. 1.15/pb 0.059/pb |~

(=

L renormalization factor based on o for 900 GeV: 0.72

Higher dissociation masses allowed at 1960 GeV Bunch Luminosity (x 10°cms)
17.08.2015 Maria Zurek - Heraeus School 2015 9




Central Hadronic State Analysis
Acceptance and cut efficiency

CDF Run Il Preliminary

Model independent analysis |~

0.5F

Kinematic cuts:

= Oof

MC based acceptance
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CDF Run Il Preliminary

3 components:

@ Trigger efficiency
@ Single track acceptance
@ 2 tracks acceptance
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Central Hadronic State Analysis
M(mt*t7) vs P (X) for 1960 GeV
CDF Run Il Preliminary
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Central Hadronic State Analysis
M(mt*t™) vs P (X) for 1960 GeV

CDF Run Il Preliminary
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Central Hadronic State Analysis
M(mt*t™) vs P (X) for 1960 GeV
CDF Run Il Preliminary

5II|IIII
4.5

Lt
—k
N

. Data, \s:

R P,(7)>0.4 GeV/c

- - o - n(m)|<1.3
S y(l<1.0

4
3.5
3

WTTILTTTTTITITTITTTTTT
AFHER R L
1

ir.
AEIS

P,(X) [GeV/c]
I
©
S D
S ®
P‘l'll"rllllllllllllllllIII|IIII|IIII|IIﬁ

do/dP,dM [ub/( GeVZ/c®)]

M... [GeV/c?]

17.08.2015 Maria Zurek - Heraeus School 2015 13




Central Hadronic State Analysis
M(tt™ 1) for 1960 GeV

012 Phys. Rev. D 91, 091101(R) (2015) Phys. Rev. D 91, 091101(R) (2015)
ekl "L LA B L L L P T L L L B BN BN
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o 0.1p i\ q " ] O C ]
S L i\ Syst. uncertainties ] S A— M) < 1.3 .
8 0.08/< 3 s B O 107 """m'-.“. Ty ly(mnm)| < 1.0 —
= NS X \ t pT(nn) > 1.0 GeV/c ] ..E\D.. = e o [ 3
g 0_061_\ N :@i\\ \‘\ % pT(TC) > 0.4 GeV/c _: % B ]
= bt ()| <1.3 ] SF E
C N — 2 C 3
£ 0'04: a: i ly(rm)| < 1.0 N & Dime MC (Orear-like form) ' ’
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g T | | | T’”«..-,.,rm“ i 8 F CDF Run Il Data, \ls = 1.96 TeV 1
0~500 1000 1500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500 4000 4500 5000
M(rr) { MeV/c?) M(rr) { MeV/c?)
: 2
— Broad continuum below 1 GeV/c
2
— Cusp at 1 GeV/c
2
— Resonant enhancement around 1.0 — 1.5 GeV/c
dominated by f,(1270)
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Central Hadronic State Analysis
M(mt* ™) for 1960 GeV and 900 GeV

Phys. Rev. D 91, 091101(R) (2015) Phys. Rev. D 91, 091101(R) (2015)
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Indications of structure up to 2.4 GeV/c?
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Non-exclusive background
Same sign sample

* The events with two same charge tracks: 6.1% (900 GeV) and 7.1% (1960 GeV)
 Sign of non-exclusive background with 2 or more undetected charged particles:
— very low pT (no reconstructed track and low calorimeter E)

— very forward

CDF Run Il Preliminary
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~— 05 — i "
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= 0.4 = % ———— Data Is = 1960 GeV, Same sign pairs |
= 0.3, i [___] Syst. uncertainties, Opposite sign pairs —J
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h o} o :1 M.ﬂ..ﬂ“\".._._-'. _E
M i hae —

= e 3

()i it pustiepsugen| e | ——

1 15 2 25 3 3.5 4.5 5

M. . [GeV/c?]
The M(tr*11) distribution for ++/- - pairs is featureless
— But! indication of a similar background from "1 events in 1T sample
— No subtraction
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Non-1t*11" background

c imi . . .
OF Run l Prefiminary ToF counter information used (coverage in |n|<0.9)

N 0'35;_ All particles, Vs = 1960 GeV _;
> °°F K, b, Kp 3 For|n[<1.3: 67% of the pairs have
S ozt PP, K¢ 4 both particles identified
.E‘. 0_22_ P,(track)>0.4 GeV/c _f - TUTU pairs — 89%
% E m(track)|<1.3 E
S 01 Iy(Ol<1.0 E o :
s o 3 For|n|<0.7: 90% of the pairs
3 2 have both particles identified
3 ., 1 — No significant change in the composition
0TS 2 25 3 35 4 Tis T
2 .
M [GeVil N6 non-Tr*mr background subtraction
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Conclusions

 We have measured 1t* 1t~ pairs between large rapidity
gaps at the Tevatron, which should be dominated by
double pomeron exchange.

e Contribution of non-1t*Tt™ pairs background and non-
exclusive background is small

 The mass spectra show several structures:

= Broad continuum below 1 GeV/c?,
= Sharp drop at 1 GeV/c®
= Resonant enhancement around 1.0 — 1.5 GeV/c?.

* This is the only measurement from the Tevatron, and has
much higher statistics than preliminary data from the LHC
experiments.
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Acceptance calculation

Model independent 3 components:
analysis » Trigger efficiency

Kinematics cuts: » Single track

» P(m)>0.4 GeVic acceptance

o In()|<1.3 *» 2 tracks acceptance

* y(X)|<1.0

17.08.2015 Maria Zurek - Heraeus School 2015 21




Trigger efficiency

1. Sample of min-bias data, good quality isolated
(no other tracks in cone with R=0.4) tracks.

2. Checking how often they fired O, 1, 2 or more trigger
towers (>= 4 bits) in 3x3 box around track extrapolation.

3. Trigger efficiency composed from those 3 probability
distributions (which are functions of P and n)
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Trigger efficiency

Probability of triggering 2 or more towers in the central detector

by two independent tracks ,a” and ,b".

e = P(a)+P (a)*[P,(0)+P,(b)]+P(a)*P(b)

P, — probability of triggering no towers

P, — probability of triggering one tower

Pb|Pb|Ppb
Pal X | X X
Pa X | X
Pal X

P, — probability of triggering two or more towers
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Trigger efficiency

CDF Run Il Preliminary CDF Run Il Preliminary

Probability of triggering 0 towers
Probability of triggering 1 tower

4 6 4 6
Track Pt [GeV/c] Track Pt [GeV/c]

Probability of triggering 2 or more towers
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Single track acceptance

1. Single pion generation, CDF Run Il Preliminary
flat in phi

2. Acceptance as a function
of Pt(track) and eta

e
o

@ Probability that track will
be reconstruced at all

e
()

e
Y
MC based acceptance

o
W

@ Probability that track will
pass all single track
guality cuts

o
X

e
-

Pt[GeV/c]
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2 tracks cuts acceptance

Cuts:

. CDF Run Il Preliminary
@ 3D opening angle 25

==
w0

* vy of central state

2 0.8 °
. 0.7 %
® Separation -
) 1.5 0.6 §
? AZ g; 0.5%
0 g 0.4 S
L 033
Based on J=0 phase space sl )2
model - 0.1
. . ol 0
All previous cuts applied T Ry Hewien Tt M0
before
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Invariant mass distribution

CDF Run Il Preliminary
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Partial wave analysis

CDF Run Il Preliminary Pt(x)>0.4 GeV/c, n(x)|<1.3, |y(X)|<1.0
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Partial wave analysis

CDF Run Il Preliminary CDF Run Il Preliminary
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Partial wave analysis

CDF Run Il Preliminary CDF Run Il Preliminary
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Partial wave analysis

Comparison of data/MC s-wave cos(0) distributions
HO : cos(0) distribuants for data and s-wave MC are
the same (in mass bins)

e H1 : not HO.

e Test type: Smirnow

e Test statistics: A Kolmogorov
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Partial wave analysis

CDF Run Il Preliminary CDF Run Il Preliminary
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If p-value is smaller then 0.05 we reject the HO (s = 0) in favour of H1 on the 95% CL
If p-value is greater then 0.05 we cannot reject the null hypothesis HO (s = 0) on the 95%
CL
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