


Hadronic interactions

Diffractive Non-Diffractive

vacuum exchange color exchange

Protons acquire color
and break apart

Protons retain their
quantum numbers

Cle=\laleRo)Y K. Goulianos

Goal: understand the nature of the colorless exchange
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Introduction

* |n diffraction no quantum numbers are exchanged

’ p— @& P | P > |
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on-Diffractive Single-Diffractive Double Diffractive Double Pomeron
(ND) (SD) (DD) Exchange (DPE)

Shaded area corresponds
to particle production
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CDF central and forward detectors

ROMAN POT DETECTORS

BEAM SHOWER COUNTERS:

Roman A \
Pots ‘.5 \SSmtoCDF
Acceptance e
0.02<E<0.1 , [ WY <
0<it|<2 GeV
Dipoles
s BSC
— 5.5<|n|<7.5
-
P P | —MiniPlug
| |l .l | 3.5¢|n|<5.1
—— CLC
P 3.7<|n<4.7
DFF |l — cCentral
— Plug

P I l
MiniPlug <

-
-~

BSC

used to reject ND events

MINI'DLUG CALORIMETERS
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Single diffraction

« Examine partonic structure of diffractive exchange using
high-p; probes (hard diffraction)

 Confirm and extend the kinematical reach of Run | results

—Diffractive dijet production in ranges of Q?
—Diffractive structure functions
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Diffractive dijets

PRL 84 (2000) 5043

E: fraction of anti-proton momentum loss

P f: fraction of Pomeron momentum carried by parton
parton Xg; =[5 - § i
EE Lo = (&) = 0.04 0.05 0.06 0.07 0.08 0.09
T =
p et 0:8 [ =55 S 110 Ef'?>7 Gev
X, = 2
Bj / -1 1| <1.0 GeV
Ky 10 F x25—

Xx =05 Xgmin

m stat errors only

5 extract o
— F (x)‘/ 10 F
———— (LO QCD) :
F(x)e

known [ x1 — 4 *+'
measure 3 i L *‘:"1'
R _R .04 10 et
SD/ND g CDF: PRL 84 (2000) 5043 %, *,+t| |
RO AN ke WA K | -3 " L3 a1 a3 aaal M (T U D e T |

=no significant & dependence 10 107 10"
X (antiproton)

in the ratio SD/ND many systematic uncertainties cancel out
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Diffractive structure function

= F PRL 84 (2000) 5043
o= - H1 fit-2 ~- CDF data
- - H1 fit-3 E?' 2> 7 GeV

CDF Run | result suppressed 1OO§_ (Q*=75GeV®)  0.035<E<0.095
by factor of ~10 relative to HERA i [t]<1.0GeV

B PR H1
aesy r

MQM% hRap,
.;qﬂr.v 4P 'HH» [

2l '.’.,‘,"-l:'.!',

T

=breakdown of QCD factorization ’

g

TTTT]

discrepancy can be attributed to additional -

color exchange which spoil the gap formation —— H1 2006 DPDF Fit A

01F — Hi1 2006 DPDFFit B
- 1 TR S T T T | L

0.1 1

B
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Restoring factorization

—

—
—

> R(SD/ND)

> R(DPE/SD)

10

1

0.1

- — Expectation from H1 2002 6,0 QCD Fit (prel.)

-#- CDF data, based on DPE/SD

T
-

M

o1\

factorization is restored !

o L

The diffractive structure function measured using DPE events is
approximately the same as the one expected from HERA



Diffractive dijets in Run |l

PRD 86 (2012) 032009

Er — .
=[ —e— RPS. Jet5 Ny
s [| —— RPStrack.Jet5 - rescaled \§\\“\§
10 5| —=— Jet5 (BX**>5 GeV) - rescaled nakle
- : A Nk
oLCDFRunll. .. .. NN
= E : NN NN\ N
u - E : : . ; N\, NN\ \
E: momentum loss fraction of pbar c JF Zegr” WALRNN
el 10 E_ ................. . S ;,\.\.\\ \\"Q%\ N
-{rl ; = .‘,*\ g\\ NN\ NANNNNN
T 10° L g A NN
2(aII towers) ET e g0 F e S AR
E e w - L ke - :
10 :? PR SN2 4 4 4 A0 S
Vs :
106% NN 1 E?
-| —— RPS. Jet5 NN - A NN
10° E| —=— JetS (ETSM>5 GeV) - rescaled §§§§§§\§ 10" KL — AR
E ; 2//; /// 7 PRI \\Q\§§:\§; 10 10- 1
10' ECDE.Runll... 72 CAL
e £ . %
§ 10’ 3
§ 10k overlap events
w ol (multiple pp interactions)
1k MP energy scale: +30% —Alogg = +0.1
S| | A RP acceptance (0.03<¢< 0.09) ~ 80%
10—‘ — -l .....1'2 M7 W(.l-l ——
10 10 10 1 10
CAL

o (without MiniPlugs)
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Multiple interactions in Run I

* Multiple proton-antiproton interactions spoil diffractive signature

6
10 E .
[ —e— RPS. Jet5 N \F&{unll
s | —— RPStrack.Jets - rescaled Nn
10 E| seed, R s
| —=— S G556 mled NN
A /4 Abniing
10 ¢ ; : - R
£ af
a8 10
S— —
(2] —
€ 10°
g " E
w \!\\
10 & \\\&\ N
1 ;— \\\\\\\\\\\-
oo oo ® NN mssss%s
0 0.02 0.04 0.08 0.1 0.12 0 —etde NN
RPS 10 1 10
; £ (RPS) :

» Measure & from calorimeter and from RP tracking
* Reject multiple interactions
— exclude £>0.1 (ND+SD interactions)
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Events / 0.002
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Multiple interactions in Run I
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Q2 dependence

PRD 86 (2012) 032009

10

LA

: - |®Q’= 100 GeV?

E el ~ 100 GeV | 2 o
? : 5 ? & Q% 1,600 GeV?
+Q’= 3,000 GeV” |
+Q’= 6,000 GeV*
“Q’= 10,000 GeV’ | D

—

i1 TITTH[

Ratio (SD/AE)/ ND

- ‘o W i
:CDFﬂ?ta it | [R=R, &
2| 0.08<E;7<0.09 | @ ; ® . o “Bj
10 : ............................................................................ Feerieniia Ferresianian e, , i piasianians
- Q%=<Ept <ET>-(E"’“+ mvz ‘ i r=—0.44 + 0.04
i overall syst uncertalnty +20% (norm),is% (slope) | I consistent w/Run1 result
-3 : 1 P i 1 1; TR l : ! i 1 L | [
10 .
10° 10° 10"
xBj

small Q2 dependence for 100 < Q2 < 10,000 GeV?

= Pomeron evolves as proton
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RPS dynamic alignment

arXiv:0606024, PRD 86 (2012) 032009

Method: iteratively adjust X and Y offsets
from nominal beam axis until a maximum
in the b-slope is obtained at t=0

X
4 [} -
10 :""ii‘tii":"‘iII'2I?i""iitt:ii""“?',fitttii"“‘iI2;Iiii""iii::t:“"“??? . . E (a) : H CDF Run”
:CDFRunit\' """ | —— xOffset (nomlnal) 2_0_2 __
s , g i ,
a o e X g t0.2 €M z o
:§
m q
= 3
c %
= =
[
© X ¥ 1
.'E Y offset (cm)
2 v
S ]
s ’2-0.27
B ; -0.4 [~
° g -
. . £ os|-
_maximizetheslope .............. eeeeeeeeennnnn ,\~ .............. g 08 :_
L1 11l l L1 1 1 l 1 11 l L 1l l L1l l L4 1l I L1 1 1 l 1 1 1 l L1 11 l Ll 1l -é- -1:—-
0 01 02 03 04 05 06 07 08 09 1 IR

-t (Gevz) | 04 -MXoﬂsetzcm) 02 04
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Background evaluation

PRD 86 (2012) 032009

L 10° 5
« Schematic view of tracker E . 05 ggps Q. 08 ; =Y, >Y J
'g tA statistlcal uncertalntles only _ Ytrack <Y
25 mm _‘ '; | gl P Y IRV SERIUUE "WUNUION NENVVORE SRRV SRR —
(2.5 mm g E
I 7.5 mm l —= N> i
L 'y E .p 8 102 E—
S o F T S
125 mm T o -
g |
R Y . 2 10
X « I 2 mm c>n -
m -
1 L1l 1l Ll
0 I

 Tracker’s upper edge: [t|=2.3 GeV?
« Lower edge at |t|=6.5 GeV? (not shown)
 Background level: region of Y, >Y, data for |{[>2.3 GeV?

track
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It| distribution

PRD 86 (2012) 032009

: : : <~ 10
: : - —@— RPS inclusive o = b
005<§5Ps<008 - > oF  005<t <0.08 CDF Runll |* P4
4 statlstlf:al unoertamtles only —=— RPS.Jet5 (Q *~225GeV?) 3 %F ) E“ﬁ <> =b
- 10 : ........ , .............. Frasarninesenss .............. RPS.Jetzo (Q 2~QOOGeV2) VN 8 f_ _t < 0.1 Gevz g
_“é’ : —=— RPS.Jet50 (Q *~4,500GeV?) g JE
3 : ' c -
> CDF Run ] & ¢E
© a” F
= ® = ° + + +
0 —
r= Q -
s © 4F
3 s 3
© «© -
o 21
()] - §
— n
£ '
L1l m o: I Illlll 1 lIlIIIII 1 IIllIIII 1 lllIIlII 1
0 01 02 03 04 05 06 07 08 0.9 1 107 1 10 102 10° 10?

-t (GeV) (@% (GeV?)

C;_Ot' - Nnorm(Aleblt + AZebzt)

* No diffraction "dips’ observed at |t|<1
» Soft and hard diffractive events have the same slope
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It| distribution (cont.)

PRD 86 (2012) 032009

« Extend analysis up to |t|=4 GeV?
* 0.05<€RPS<(0.08 = M,~500 GeV
Donnachie, Landshoff, PLB518(2001)63

* Low-x: good agreement with DL doSP
« High-x: data above DL model dt

10“E /

= NoormF1(2)? exp[Za' - lné - t]i

RPS inclusive

systematics (+30%)

RPS - Jet20 (Q*~900 GeV?)
DL model

. 0. 05< §E"S<0 08

.
|

T Tqa1m

LI Tll”l’

. 11L +T1 |
CDF RunII “ l
| . i .

0 0 5 1 1.5 2 2.5

-t GeV?
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Diffractive W/Z production

Study W/Z boson production helps to determine the quark content
of the Pomeron

2 , . )

At LO, the W/Z is produced or Production by a gluon is

by a quark in the Pomeron suppressed by o,. Can
look at additional jet.
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Diffractive W/Z production (cont.)

PRD 82 (2010) 112004

* Identify diffractive events using RPS F Woe/pv (vai;)=80.9i 0.7 GeV/c’
301 L=0.6fb"
[ CDF Runll

— rapidity gaps used in Runl
 Calculate € from calorimeter
* In W production, difference £cal-gRPS

N
o
lllll

o
L
S
&
N
| cHe P
is due to missing E+, and n,. |
. > 15F
RP _ gecal _ =7 -7 (o) i
& =< Nk s 10
-g "
2 °F
» allows estimate neutrino and W obr o LA N
kinematics, xg; 0 20 40/60 80 100 120 140 160

Mdf (Gevic?)

reconstruct W invariant mass
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Diffractive W/Z production (cont.

PRD 82 (2010) 112004

3 - —5— W, RPS track CDF Runll L=0.6 fb"
*U:c_ 103 E . W, E_,RPS> écal ‘D’D U D‘D‘_D_
S -+ — W, 50¢M,, <120 GeV/c® o I
=2 ~ I
g - —o— Z, RPS track 4}-{} o
: 102 E e ND Z ( orm) -@-m- :Et_D__D_ —Q—',_O__Q__Q__O_—O—
E - - - S S S '
(Y | o
o * o * O Q-
w 10
> F ® picie s ol o
2 F : - : ﬁk
£ N 4% - 2
3 I ,
= 1E- ‘é’ | . %Fl T - | |
-2.5 -2 -1.5 -1 -0.5 0 0.5

« Requiring &< ERPS removes most events with multiple interactions
» 50<M,,<120 GeV cleans up possible misreconstructed events
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Diffractive W/Z measurement

PRD 82 (2010) 112004

Measured fractions:
Ry = [1.00 = 0.05(stat) = 0.10(syst) %,
= [0.88 * 0.21(stat) = 0.08(syst)]%)

Run | diffractive W studies performed with rapidity gap instead of RPS

CDF: PRL 78,2698(1997)
— Fraction of events due to SD for x<0.1: [1.15%0.51(stat)+0.20(syst)]%

— Combined with other SD measurements (b-quark,jet), quark-gluon content of the
Pomeron is determined: f=0.54*0-16 .,

DO: PLB 574 (2003)169
— Fraction of events with rapidity gap:
— W:[0.89%0-10 ) .-1%
— Z:[1.44 %081 1%
— [If correction for rapidity gap acceptance is applied...R(W): 5.1%]
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Diffractive rates

pp— X + gap W probes quark component (qq—W)
81'2 :
Measured SD/ND fractions at 1.8 TeV 5
o1
PRL process fraction [%] %0'8
i
84 (1997) 2698 W(ev) 1.15 (0.55) o6
PLB 574 (2003) 169 Z 1.44 (0.60) :
04 [
84 (1997) 2636 jet-jet 0.75 (0.10)
84 (2000) 232 b 0.62 (0.25) 0.2
87 (2001) 241802-1 JN 1.45 (0.25)
0

0 01 02 03 04 05 06 07 08 09 1
GLUON FRACTION IN POMERON

» All SD/ND fractions ~ 1% = uniform suppression
- Different sensitivities to quark/gluon = gluon fraction f,=0.54 (0.195)
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Central gap between forward jets

CCAL and PCAL

Rapidity gap in Central

> CDF 1l Preliminary
i )
and Plug calorimeter - P MP
;':.-' —> candidates for jet seeds ----MinBias
&

» Characterize gap formation

— fraction of gap events (soft and
hard interactions)

— dependence on gap size
* Mueller-Navelet jets
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Jet A¢ correlation

A¢ for MPp-MP'-) jets with CCALePCAL oip 93P

Jetl

Jet2 .7 Jet E; > 2 GeV

(] = T
£ 350 : CDF 1l Preliminary
e gap
2 300
g — -3.6 -1.1 0 11 3.6
o 250 -1.1 <n%<1.1
Ke] [
£ u
3 200F-
150~
100
50—
0: P R K S S S RS SS | | |
0 0.5 1

A¢ for MPpoMPF jets with CCAL gap

2 25 3.
A¢=I¢jet1-¢jet2| (rad)

Number of events

Number of events

120

100

80

60

40

20

60

50

40

30

20

10

OQ

mrr|JrrrJrrrJrrryfrrr|Jrrrjy|rr
[ | | I I [

-3.3<n¥P<1.1
-1.1<n?<3.3

o |

CDF Il Preliminary

2 25 3
A¢=I¢jet1-¢]et2| (rad)

JIII|IIII|I[II|IIIIIIIIIlIIIIl

gap

-36  -1.1 0 11 3.6

-3.3 <n%<3.3

CDF Il Preliminary

o

I “0.5”I ‘ 1 — ‘1.5‘

2 25 3
A¢=I¢jet1-¢jet2| (rad)
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Rapidity gap event fraction

© L CDF Il Preliminary —e— MinBias
}:5 1 E —%— MP_oMP_ Jets, E;"*> 2GeV
é - R gar= Ngap Ny —+— MP_oMP_ Jets, E;"*> 4GeV
o ot 3.5<| f*""?|<5.1
5 = - o
2 = CCAL gap ) - e,
. -
%‘ —~ [ required -0-_._
B vVersus
% 0 2 = -.-‘ %+-‘-F' ...
; Y~y- 7 - -
- fl_ H _T_ ‘1" ‘r - Jet %N Jet
B n
107 ﬁ R
E - . |
10 - A
— Il I L l.l I il 1 l il 1 1 L l 1 1 Il 1 l il 1 1 il l 1 L IH
0 1 2 3 4 5 6 7
< An=nmax'nmi$
Gap width

« Event fraction is ~10% in soft events, and ~1% in jet events
» Shapes are similar
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Exclusive production

p p v'clean process
v'exclusive bb suppressed (J,=0 selection rule)

H Khoze Martin Ryskin: o,,(LHC)~3 fb,
signal/bkg~3 (if AM, ;=1 GeV)

Attractive Higgs production channel at the LHC

=much larger cross section

Goal:

»measure exclusive dijet production
»>test/calibrate Higgs predictions at LHC
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Exclusive dijets in Run |

PRL 85 (2000) 4215

(not detected)

(b) jet et /

PRL 85 (2000) 4215

D % Expected shape
—_ of signal events
Mg pra \ -"L
L2
'_
o M 2*9 .
Mass fraction: R;= M. = 23T
- "y
Exclusive dijet limit: | R TP B i
Run |: PRL 85 (2000) 4215 0 02 04 06 08 1
= O, (excl.) < 3.7 nb (95% CL) Dijet Mass Fraction
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Observation of exclusive dijets

PRD 77 (2008) 052004

Observe excess over
iInclusive DPE at large Mjj

\

E A1 I ® DPE\data (stat. only)
z10 FE e M, | T Background
© - -~ .
a -
B —
2 ey = | |
: e ta'n ==
) | =
10'3 | [[ POMWIG + Background - ET 33 Gev
E POMWIG : CDF&H1 R —
F | eeeeees POMWIG : CDF v ET2 - 3 I GeV
B POMWIG : H1-fit2 ! 4““
F | e POMWIG : ZEUS-LPS . ; ——
10.4 , L | L A i A | L | | : | : L
0 0.2 04 0.6 0.8 1
R =M /M,
ll 1l

= exclusive signal?
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Exclusive dijet cross section

PRD 77 (2008) 052004

2 e stat
E g FeentSizn | Do “
D : ) ExHuME
500/ ~— Best Fit to Data
: 36<h ]<59
40- N e,'“>:’(;JGov
300 gt B <scw -
200} 2 ; Data corrected to the hadron level
100 ; =L e
F « S Exclusive DPE (DPEMC)
cO 0.2 04 0.6 0.8 1 ? o N e
RH=WIMX m=10 E- R R
~ : 3
8 ol M ntvnimer
b— 10 :" - .
Calculation by KMR is consistent ﬁ:';f::
within it uncertainty (factor of ~3) 1} 3.“"\”; _
EPJC 14(2000)525 [ 0035 <008 st 13| etooyn
i ‘ 1
0301 20 25 30 35

Jet ET" (GeV)
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Exclusive dijets w/heavy flavor

Theory:

J,=0 spin selection rule

gg—gg dominant contribution at LO
gg—qq suppressed when M;>> m,

&

K

Q
~J

Experimental method:
normalize R; for qq to R; for all jets
=look for event suppression at large R;

#Events
Ratio (normalized)

illustration

Pros: -many systematics cancel out R
-good HF quarks id 0 ¥
-small g mistag O(1%)

Cons:  -heavy quark mass: = uUSse b'quark JetS

contribution from exclusive b/c
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b-tagged jet fraction

CDF Run Il Preliminary

-
0
!

I:bcllncl / <|:bcllncl(R <0 4)>

DPE data (SVT)
Systematic Uncertainty

Ji

- exclusive
production?

0.5 EF(RAW) > 10 GeV
Mjeel < 1.5
o v b by by b b b by Iy
0 01 02 03 04 05 06 0.7 0.8 09 1
R =M/M,
] _ ] 1l 1l
ratio of b/c jets to all jets (norm. to R;<0.4)
= ratio decreases at high R;
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Exclusive yy production

03 _GW(ET>Ecut) fb

oo : — - M<2
B J_.-I'"Y ~100 fb ->102;— --------------- nl<1
~40 o —> £\ gy
L"L‘ factor of 2-3 ‘ Tevatron
Y uncertainty

»QCD diagram same as pHp
»smaller cross section than exclusive dijets

~40 events/fb-! with p(y)>5 GeV/c, [n|<1.0 10

N
oo et N Ly oy

the effective luminosity must be considered 1u_45- L L -
since additional interactions “populate” gaps E  GeV

cut
Khoze, Kaidalov, Martin, Ryskin,
Stirling, hep-ph/0507040
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Exclusive ee/yy search

P P P P
Y e+

é y <

p ———) p p

pp—=>p+yy+p QED process: cross-check to exclusive yy

v'do not detect (anti)proton

v'require 2 EM showers (E+>5 GeV, |n|<2)
v'veto all calorimetry and BSCs except 2 EM showers
v'L~530 pb-' delivered (L =46 pb)

effective

=19 events have 2 EM showers +"nothing”
caveat: “nothing” above threshold
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Exclusive ee search

PRL 98 (2007) 112001

P P

e+

e.
P P 1562 GeV
control sample for yy search

=16 candidate events found
background: 1.9+£0.3 events

o = 1.6 fg'g (stat) + 0.3 (sys) pb

MEASUREL

good agreement with LPAIR:
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Exclusive yy search

PRL 99 (2007) 242002

p p =
s B
) = a0 ooy

= 3 candidate events found
background: 0.0 3¢ events
(study noise, by looking at “zero-bias” events)

o <410 fb

limits set, more data
good agreement with KMR:

measured

within a factor ~ 2-3 , higher in MSSM

Michele Gallinaro - "Experimental results on diffraction at the Tevatron" - HESZ Nagoya, Sept. 9-12, 2015 34



Exclusive yy search

PRL 108 (2012) 081801

 Observed 43 events:

Orrend~ 2:48 1035 (stat) T 5 (5ys) pb

« Good agreement with
theoretical predictions

—~9
-Q ™
L e o(D*P—p+yy+D)
©C4Fr o
= niy)l = 1.0
h .
31 @ - O E »25GeV
2l 2 |3 'S =1960 GeV
Lo
1 FT=
x
l
0
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Exclusive dimuons

e trigger: muon+track+forward
rapidity gap (BSCs)

 two oppositely charged muon
tracks with p>1.4 GeV

. L=1.48/fb, with L_4~140/pb

Q NW
Qooooo0uang
Ol (g]
«Q
v S |
ol < ©
-G__e
T o

= -—Et’: 2.08 GeV
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Exclusive Jhip and y(25)

PRL 102 (2009) 242001

J/p production
243121 events

do/dy=3.92+0.62 nb S O ﬂ Iy
Theoretical predictions S 60 4
« 2.8 nb [Szczurek07] E’,‘soi | Fit : . |
. 2.7 nb [Klein&Nystrand04] £ | h 2 Gaussians + QED continuum
+ 3.4 nb [Motkya&Watt08] @4}
305—
Y (2S) production 3
34(17 e)vIZntS 205 { QED continuum /\V(ZS)
10 |
do/dy=0.54+0.15 nb 3 / _ﬂl
R=y(2S)/ Jly = 0.140.05 T e e L S -

M(p* u ) (GeV/c )

In agreement with HERA:
R=0.166x0.012 in similar kinematic region
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Events per 10MeV/c?

Exclusive y.—Jhp(—utu)+y

PRL 102 (2009) 242001

70~ H
“;’ 1)/ 286 =352 = +66 events
so- ||
wF. h Allow extra EM tower
30;

: ¥(2s) 39 240 = +1 event

5 5 e 3a e aE 56 57 3559 4
M(u*u’) (GeV/c?)

do/dy=75+£14 nb

compatible with theoretical predictions

* 160 nb [Yuan01]

* 90 nb [KMRO01]

» Allowing EM towers (E>80 MeV)
 Large increase in the Jhp peak
* Minor change in the ¢(2S) peak

=Evidence for x_— Jap(—pru)+y
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Exclusive Z production

PRL 102 (2009) 222002, PRD 82 (2010) 112004

» Search for exclusive Z production
with “nothing else” in the detector

- PRL 102, 222002 (2009)

Also from “diffractive Z production”:
« System mass My vs M,

» Exclusive candidates are expected
to fall on the diagonal

* Depends on thresholds
» Cross-check with W/Z production

Z
[N (N
LA il_ Y LA‘-4>—I
Y 2 g ; 7 )
3 gi:jq;ig : ’YNNNr'—~—l B
P 33 P P—sC P
500 oI
- CDFdata@| | . E (b)
400 3 g - :’é
O annl o
S J00p -
& - - L
- °gec., . - ..t
< 200F  cpe - it
100 |
% ~"700 200 o0 100 200
M,, (GeV/c?) M, (GeV/c?)
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Summary

» Extensive program of diffractive studies at Tevatron

« CDF diffractive program continuing the improvement of
understanding of diffractive processes

— measured DSF at different Q2 values
— measured t-distribution in diffractive events

— dijets, W/Z, forward jets, exclusive jets, etc.
« Comparison of diffractive and non-diffractive processes

* Measurements of exclusive production important to
calibrate predictions for exclusive Higgs production at LHC

 General tools which can be used at LHC:
— Roman Pot dynamic alignment
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Central Exclusive Production

CEP studies with energy scan data at 0.9 and 1.96 TeV

1.2

™1 T T T T T T T T T T T T T T T T T

~ @ ]
&S 1R 4 «  CDFRun Il Data, \Is = 1.96 TeV -
> f ﬁ’f CDF Run Il Data, \[s = 0.9 TeV -
g 0.8 - S x‘} [L] Syst. uncertainties, \Is = 1.96 TeV E
S - "I 777771 Syst. uncertainties, \[s = 0.9 TeV ’
206 o s —
B 7 p_(n) > 0.4 GeV/c -
s 04 v In(m)| < 1.3 -
= C % ’% ¥ ly(nm)| < 1.0 :
= g’ ]
'8 02 —_"2 ﬁ'oz" )““Z%?gm'? ’?'7"-‘&1 7
l o I B
ob— - - - e : .
@ 3F(0) « CDFRunliData =
?_’- [25] Syst. uncertainties |
"t 2 B * + + ° X , '. -
o Tt ++ i
T 1 ﬂ“ Pours ~’#** 4"4» *ﬂ*‘ + ++ # + ++++ + + # E
1000 1500 2000 2500 3000 3500

« Data extend up to dipion mass M=5 GeV and show resonance structures

M(rx) (MeV/c?)

attributed to f,(1370) and f,(1270) mesons

* From the n*n and K*K- spectra, set upper limits on exclusive ¥, production
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Exclusive dijet cross section

PRD 77 (2008) 052004

£ [ Fua=150:12% | * DPEdata(siat only)
@ 600 " (satonly) @ POMWIG: COF@H1 _
@ : =i A * R; shape described by MC based on two
| —
; 36<ho<59 models (ExHUME, DPEMC)
400 T W E°2 > 10 GeV . i
i + EC<5Gev » Cross section agrees with ExHUME
300} .
200 « Data favor KMR model (uncertainty
100 ~factor of 3)
0
0 0.2 04 0.6 0.8 1
R,=M /M, —
- : : | | Data corrected to the hadron level
= E Fua=158:13% | * DPEdaa(siatonly) <~ 10°L -
o (stat.only) SRS (e S F e
o [ Exclusive DPE (DPEMC) : S Exclusive DPE (DPEMC)
500} —— Best Fit 1o Data ?=1°2 ....................
E 36< <59 m 5— . j e
400 e;‘:::':lcev s KMR*3 \ ExHUME
300t + E*°<5Gev §b=._ 10; L Uncortainty
: E g2y g
200
: 1l Mi<2s
100 F 36<n,,<59 \
6 | 003<<008 gt 1§ oo
0 0.2 0.4 0.6 0.8 1 10 r ‘ —
= 10 15 20 25 30 35
R,=M /M,

Jet ET" (GeV)
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Roman Pot Spectrometer

CDF

Fiber tracker oL wHoNETS
e 3 stations
57 meters from IP

Roman Pot Arrangement
~56m distance from interaction point

RP-1 Trigger Counter |

ROMAN POTS
at 57 m 10

x=0.97 [Scmtlllatpr fiber xy-trackej 1

~

2701 pitch, 2 m lever arm

0 1500 2000 2500 3000 3500 40
ADC counts

[Acceptance: 0<|t| <2, 0.03<§ < 0.1]

RP-2 Trigger Counter I

FIBER TRACKER

I
L Recoil P Track - Bellows : Bo hof fibers ‘\ ' " "II I I
\
) o CCC .
1 | T 0 500 1opo 1500 2000 2500 3000 3500 400

%FED:.#D:D:&F ADC counts

\ —a ) gm’ RP-3 Trigger Counter |
5 \\ Y!» , . \ . r:(m:a)suredhiposn &
« 3 trigger counters " D% LI L]
» 240 channels [ Fun 159607, Evenioaa7e | FOTXFber] —_—
. ) POT-1 POT-2 POT-3

Position resolution: 80um =S| == E= MIP (>1000 counts)
Typical resolutions —
In AE=+0.001; At=1£0.07GeV? = == ‘
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Miniplug Calorimeters

NIMA 518 (2004) 42, NIMA 496(2003)333, NPPS125(2003)128

 Design to measure energy and lateral
position of both EM and had showers

* “towerless” geometry (no dead reglon)

ERUE L LY ST n Lo
LU LR hu‘ J

g .wu
\ﬁl
::m, : 31k AT ‘
1 e
il BT L
1 e | | p TR R 2
lpn“m‘ nrwn LAY z.\, Ilm s
ut \11 HEGAE G LRI W WS ) sy
(1 ' y
ol

un A LA

; | 1\«\! \o\\MM g

N

I
i !
! 36 circular lead plates i
! laminated with aluminum i
! (1/4" thick) !

I
! !
! 1

I PLATES: 25 " dia. 1/4°thick (3/16 " Pb + 2x0.5 mm Al + epoxy)
N ALUMINUM
@ STAINLESS STEEL

] LIQUID SCINTILLATOR
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Exclusive cross section

4

N 102;_ ExHuUME (hadron level)
derived from CDF s £ K Default
S e Q@ | e Derived from CDF
exclusive dijet cross O 10 Run Il o9 (E™")
sections using — s
ExHuME gb=:= . = systematic uncertainty
- ©
10"
"% < 2.5
1072 3.6 < Ngap < 59 |
0.03 <£< 0.08
10-31...1...1...1...1...1...1...1
20 40 60 80 100 120 140 160

M, (GeVic’)

Stat. and syst. errors are propagated from measured cross section
uncertainties using Mjj distribution shapes of ExXHUME generated data
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