. Forward CDF calorimeters f‘ﬁf‘sff?:f:

?UM,4¢

-""".

vﬁga

Michele Gallinaro (The Rockefeller University)

V)

PLUG UPGRADE

 w

CLC

—1

—

T

MINIPLUG

v Forward Physics
v Conceptual Design
v Prototype Results
v" Final Design

v' Cosmic Ray Test
v Run Il Data



New Detectors for Run |11}

e Tracking
-Silicon
-Central Outer Tracker
e Time of Flight
 Expanded Muon Coverage
e Endplug Calorimeter
e« Forward Detectors
—Beam Shower Counters
-Miniplugs
-Roman Pots (same as Run 1) MiniPlug

time-of-flight

tracker

All detectors are used in the diffractive program !
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Forward physics
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Diffractive structure function

v Q2 and & dependence
v' process dependence

Exclusive production in DPE
(dijet, heavy flavor, low-mass)

Forward jets (jet-gap-jet)




Compact/simple/low-cost to measure energy and position

Pb plates in liquid scintillator

WLS fibers to MAPMT

Flexible tower geometry

(no mechanical boundaries)

“Tower” size determined by fibers’

grouping

lllll

e LIQUID
----- SCINTILLATOR

WLS - FIBER
{to multi-channel phototube)
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Design simulation

2.5
Event: 9 . % :

rvs. g

N . %

rvs. rv¥s. ¢

« Measure charged and neutrals

« Measure energy and position of
both EM and hadron showers

« GEANT simulation (56X, 2A):

v' o/E(e*) = 18%/VE
v o/E(1t) = 30% independent of E

e Hadron tagging fibers after 24 r.l.
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hadreon

Shower lateral spread:
EM ~X, (=2-3 cm)
Had ~A (=60 cm)

Michele Gallinaro, “The future of QCD at the Tevatron’, Fermilab, May 20-22, 2004



MP prototype

e Detector:

v'28 Xo (1 A) long “em” fiber “hadron” fiber
v'30 plates (15x15 cm?) \ 15 o /
v'Bicron 517 L liquid scintillator \\Fibeqscp;dng EEfL?ﬂmi/ e
v'Kuraray Y-11 WLS fibers 0\ e I:I'é TR Q
m*m 1AL =
o B B
mﬁﬁéﬁﬁm
D e N 51l e DI e B
o =1 E
SoEnEOs

e Test-beam:

v low energy pions and electrons at BNL (1994): NIM A 372 (1996) 117
v high energy beams at Fermilab (1997): NIM A 430 (1999) 34
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Prototype results

linearity
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Good fit down
to low energy



e Due to space constraints when
Plug in “open” position, MPs are
61 cmlong (32 r.l.and 1.3 1.1.)

e« Same plate/gap thickness,
scintillator as prototype

e Larger hexagonal cell
structure, balanced by
Increasing:

v" Number of fibers (6 vs. 4)
v Fiber dia. (1 mm vs. 0.8 mm)

Nucl. Instr. Meth. A 496 (2003) 333
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BEAR

N .

Final design

N3 PMTs

!5" |5.5"

36 circular lead plates

(174" thick)

|

|
i !
! I
! I
. . . |
: laminated with aluminum I
! |
! I
! I
! ]
! I

PLATES: 25 " dia, 1/4"thick {318 " Pb + 2x0.5 mm Al + epoxy)
ALLIKAINUIRS

STAINLESS STEEL

LIGUID SCINTILLATOR

Egll



One tower
One MAPMT (3 PMT channels)

6 WLS fibers = hexagon
[1 1 MAPMT pixel

1 clear fiber to LED

252 hexagons viewed by 18
16-channel MAPMT

3 MAPMT outputs added
[1 84 calorimeter “towers”
(to reduce electronics’ cost)

4 n rings: 3.6<|n|<5.1

18 “trigger-towers”
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MAPMT test

e Channel-to-channel response
Hamamatsu R-5900 (16 channels)

LED
16—channel, run322.4xt, run523.ixt 8—channel: run521.txt
J C 2
/ | \ % 100k (a}  MCPMT 2KCO32 Hv = 860V . <
Light 3 W — — \_,_I_|; 400 §
Mixer 2 g | a
5 50r =200 <
/ ] r Att. 0.8 (Blue) 0.5 (Black) Sumd14dE)}= #18.4{counts)
r lUniformilty =1. 1|.5 E?DC..,./Sulm output|(14dE)*5|= 2.8¢9 |
. 2 4 5} 8 10 12 14 16 0
MCPMT Channel
— LT T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | |
% 04 (b} WMCPMT 2KCO32 =
+ 0.2F =
z E e ]
L — :
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:I':'U"‘:_ l l l l l l l E
o L L1 L1 L1 L1 L1 L1 L1
E 2 4 5] 8 10 12 14 16
(c} HVv=@g80v (d} MCPMT Channel
ke F J1500e2 2 [ T T T 1 ]
T 1oL At O (Blue} 0.5 (Black) § ég,g__ MCPMT 2KC032 -
3 E J1o000 X ]
£ _F QF oF -
£ 50 8 [ ]
F F Sum({14dB}= 420.1 1200 [ B :Bch—board ]
;ze\rfc."/|5uml= 2.Is7 | =0.2r A : 1|ﬁch-|boarlc| L
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MAPMT test setup
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MiniPlug assembly
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Cosmic ray test

e Measure response to e Trigger on cosmic rays
single photoelectrons for 60°-section of one MP
(Co®° source)

n 1Dﬂﬂ§ Entries 250000 TII“':II: Entries 1715
S 900 ¥/ ndf 542 /51 - B ndf 4479 7 46
E - =1 ARz E ED__ Constant 25,59
w BO0E P2 2.735 - Mean 503.8
5 Z00E P3 #H2s| BOE | Sigma 142.8
v E P4 38.03 C
g 600 40F
£ S00F :
2 400F SeE
300 F 20F
200F -
100 1°F
D_||I||||||||| D'|||||||||||||||
. 50 100 130 200 O 200 400 600 800 1000
x 10 amplification ADC Counts
®Co Source cosmic Ray Signal

[1 Average response is = 100 p.e./MIP
(prototype was ~55 p.e./MIP)



MP segmentation

determine shower centroid

(electron/pion separation) 50 GeV e*
T TR ¥ wwe] 50 GeVrr T
> 15|
10/
5
o
=5
-10{|
45l
-20
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MP-Wesl Towsr Eaargy. Mus 152118, Evarm 108881 i

particle (orjet?) ADC counts in MP towers:
= ) approximately 1000 counts = 1 GeV

5 CDF Run i Prellmlnary

multlpI|C|ty 18D

-
o

TT ”IHI. ] .I .I“I“I.!I.I.Ib T I.I“I!.III

Events (ND norm to SD)
T
7

-
(=]

-
[=]

T IIIIIII| T \IIIIIII
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I'«‘IPF Multipicity

-

o
[
Ny
2]
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Position/energy resolution can be improved by instrumenting all 252 towers
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MP calibration

| [Flzan 151848-160065] WP Tormwrs Layer-80 [Oort vix, 1 hit Ere0.4Ga¥) I | [Rum 151648 153081] MP-West Tower &7
- ]

5 - —WestMP|
bl b g il beCastMP )
S 08 __ ................................
7 ¥ 2 A L - . O
O e T
150 <100 50 1] 50 100 150

“Seed” and neighbor
towers in @

v' use data for relative calib. of towers at same n

v'use MC for relative calib. vs n and overall energy scale
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P [t

n 1
Non-Diffractive  Single-Diffractive
(D (=)
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Ratio (SD /AE)/ND

» slope and normalization agree
with Run 1 result

]

-
o

» no ¢ dependence observed 10
within 0.03 < ¢ <0.1

=confirms Run 1 results 10”

=
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Q“ dependence

CDF Run Il Preliminary
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No appreciable Q2 dependence observed within 100 < Q® < 1,600 GeV?
= Pomeron evolves similarly to proton



Roman Pot tracking

p——

FIBER TRACKER Run 175066, Event 517876 ' EUT—K Flher'
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& from Cal
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Conclusions

e two MP calorimeters (Pb/liquid scintillator) installed at CDF
« MPs measure energy and position of particles (3.6<|n[|<5.1)

e cosmic ray test resulted in light yield of ~100 pe/MIP per tower,
exceeding design requirements

e measure energy and position (count particles/gaps)
« MP powerful detector to separate SD/ND events

e produced first results of Run 11 diffractive analyses

Michele Gallinaro, “The future of QCD at the Tevatron’, Fermilab, May 20-22, 2004
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“The universe (...) is composed of an indefinite and
perhaps infinite number of hexagonal galleries.(...)
There was no personal or world problem whose
eloquent solution did not exist in some hexagon.”

Jorge L. Borges /in The Library of Babel



Fiber Tracker

v'3 stations

v'57 meters from IP

Roman Pol Arrangemeni
Tops Vi

! .II W
[ =y

v'3 trigger counters
v’ 240 channels
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.

CDF
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x=0.97 [

Scintillator fiber xy-tracke
2701 pitch, 2 m lever arm
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Reconstructed track
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Bean Loss
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MP Collider Data

ADC counis: West-MP Tower (3. CLC-NT&SBENB Hll.ll

ADC counts in MP towers:
approximately 1000 counts =1 GeV

> o

10

-10
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Radiation damage

Radiation damage at MP: ~3 Mrad/year (L=103? cm-? sec™)
liquid scintillator: ~unaffected

WLS fibers: ~10% loss after 6.4 Mrad
PMTSs: quartz window improves radiation hardness

Michele Gallinaro, “The future of QCD at the Tevatron’, Fermilab, May 20-22, 2004
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Particles/jets in MP

[ e ey P (TN e o
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Position/energy resolution can be improved by instrumenting all 252 towers
Michele Gallinaro, “The future of QCD at the Tevatron’, Fermilab, May 20-22, 2004 30



