Calorimeter Timing System at CDF

Max Goncharov (Texas A&M University)
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In This Talk ...

* Why we built the system
* System Design
¢ Schematics
¢Challenges we faced
*» Performance
eEfficiency
eResolution
*Noise Level
* Things we can do with timing
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TGX&S A&M

. EMTiming Hardware
~2000 Phototubes

- Large system to add to existing (very
large) detector

+ Effectively put a TDC onto about 2000
phototubes at CDF

- International collaboration led by

Texas A&M » , -; *> "
- INFN-Frascati*

- Michigan* & B S
- Chicago***  “Engineering support

- Fermilab™* **Technician support

» ~$1IM Run IIb project (parts and labor)

- Project jointly funded by DOE and
the INFN
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Reasons To Build

eewETCQndique Event
With EMTiming system we can (and have done):

e] e Candidate

= 36 GeV £ =63 GaV ® Separate physics from accidental backgrounds
» Cut on time of arrival

B i 44 .8 GeV
2R~ GeV .

2R g& , 3 » Obtain samples of “accident” backgrounds.
;;&;; ‘ g{; ® Clean-up missing E. (MET)

o

% e “‘ { ® Look for exotic particles with non-zero lifetime
Are all of them prompt or some are accidents?

In General

Exotic signals with +MET suffer from accidental backgrounds (cosmic
rays ...). Accidents look different from prompt physics in time.
With timing can do totally different types of searches
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System Design

S
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Data Acquisition System | VME Crate
(DAQ}

iming

Meakurement
| Time-to-Digital 220 fi
Converter J
| (TDC)
Enery
| Measurement
l Counting Room
| On Detector
| e,y |
VME Crate
| Ahode
Light Guides
| }lCEM Splitter || Transition || Amplifier Shaper
_______ Board Discriminator
PEM Dynode
| Photo- Pru‘ITI (TB) (ASD)
Electro-  Multiplier gag
| Magnetic Tube Gl

Calocrimeter (PMT)

(CEM, PEN) 2 PMTs/ASD channels

L ki I

A"‘e“dLE’_"SIeQI CEM (| |<1)- 480 channels
Plug (1< | | <2)- 384 channels
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TGX&S A&M

System Design

UUUUUUUUUU

~ * Production of all components
2000 PhOtOtUbeS completed in Fall of 2003, well

ahead of schedule.
* Partial installation in Fall 2003.
- Finished in Dec 2004.

*Installation team: M. Goncharov, S.Krutelyov,
S.W. Lee, D. Allen, P.Wagner, V. Khotilovich
& D.Toback.
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EM PMT Base

anode provides energy readout
has no dynode readout ...

modify PMT base? ...
cut into the anode line? ...

Whatever you do — DO NOT CHANGE
ENERGY READOUT,
OTHERWISE...

4

SOLUTION

Energy Integration Window i

PMT Signal
132 ns ‘ visuclparadox.com
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Do not touch charge - do not change energy readout.

Male LEMO to ASD EMTiming Splitter
transition board

20°-40" of
RG174 Connecls o ASD
transition hoard
primary

Male LEMO

Secoodary Oulpul
0,15 x Input Signal

Connects Lo
PMT anode

primary |

i
i
¥
i
i
&
rt
4
¥
¥

. Comiects im nriginal
’7{_’ Vitngpy  ADNMIEM line LENMO
Male LIM - ;
= | shield || | dield | Yemale LEMO
mEE
; : mae
Input " i : i
Female LEMO to Male LEMO to St 5% ErontofPCB | Backotbcp  Pime
ADMEM input PMT anode Vi e
(on back)

Idea, design, and production - University of Chicago (H. Frisch and H. Sanders)
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» System resolution is ~0.6 ns
* Very uniform
> No Noise

* Finished full installation this October (2 years ahead of

original Run IIb schedule). Started taking data in January
2005 (0.6 fb-! and counting)

» <1% had problems right after installation (most are
channel 6 and 9 mixes)

P Lost only ~1 week of data to weed out all problems

» Since then we do not have a single high P, event without
timing information

M. Goncharov,D.Toback et al,
submitted to NIM in 2005
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Efficiency and Uniformity

S
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‘No Data can be left behind - monitor online in real time

Efficiency curves show most

Efficiency 2DCEM

Not instrument&dThieskald

Q=
problems right away e
3
EFFICIENCY 25
1 s p——————
B -
0.8 PEM channel
0.6/ ¥
i A
0.2- - 8
200 400 600 800 1000 1200 d
Energy (ADC counts)

Threshold=5.0 GeV in CEM

2.5 GeV in PEM One line is broken,.

fixed right away
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Efficiency and Uniformity

‘No Data can be left behind - monitor online in real time
g e v el fofpei@nCYy

sosl | 1 100 % above threshold
i PEM

(T N R S S L S e B S R
Tower Energy (GeV) Tower Energy (GeV)
Threshold Energy
s oas

Uniform
Broken channel would be here

Threshold Energy (GeV) Threshold Energy (GeV)
N Threshold Width
Mean 1.4 ] Mean DB
w7l AMS 02 ] w10 f AMS 01
; ; ... and here
10 1 /
0 10F 6
# # /
1 — .
005 1 15 2 25 3 0 o5 1 15
0 o'grhre;holéll'a#idtﬁ{ﬁezﬁ}a * Threshold Width (GeV)
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Uncorrected Time

S
UNIVERSITY

Can not use in the analysis data as it is CEM
=> have to calibrate

Calibrations take out various effects
¢ channel to channel variations :
¢ energy dependence (slewing) -
¢ fime variations ‘

éqTimeé:u ~ 5852 ns

10° ............................................................................

T ...,.i,

1025“ ﬂ"+“

10 _"H|| ...........................................................

520 540 560 580 600 620 640
Time, ns
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Calibrations
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T——8lewing curve
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System Resolution

After slewing calibrations various effects remain:
* when collision happens

* where it happens

°run by run dependence ...

Z->ee sample is perfect to find the resolution
Plot time(el)-time(e?2):
most of the effects cancel out
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System Resolution

CEM - 0.60 ns PEM O 61 ns

| PR TL i | 1]
1|:)3 —Electrons from Z—) 6'e — = Elactrons from Z—:- G*a .
F GCEWCEN - 0,84 ns ._*-" R E | GCEM-PEW . () 85 ng
[ 5 GCEM=060ns - ] — gPEM = 0.61 ns
ii e -\- N 1 02 E_ =
102 =2 T *. E B
Q I T =
S L ) 3 | S 10 E
w 10¢ ) t w

-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6

e, e 8 &
tcnrreched tcnrrected (ns) tcnrreched = tcurrected (ns)

* Centered at zero, symmetric
* No non-Gaussian tails
* CEM and PEM are the same
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Resolution vs Energy
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CEM TO RMS as a function of Em Energy
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Calorimeter Timing Sytem at CDF
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Noise - no energy, but there is a TDC hit.

Noise Levels

S
UNIVERSITY

Looked at >10 M events, have yet to see a TDC hit from noise.
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Heavy Long Lived X

UNIVERSITY

s . Y+ Bq +jets
(X:,t) / COF:Calarimeist 21" luminosity, B, > 25 GeV
E I|III|'III|III|III|I'II|III|III|III|[II
FY é 103 = - Background events -
prompt ,Y "2 - I:I Predicted Signal + Background ;
1 ; Position of optimized As cut
r-JD e ..____* Zo
x;1 é 102 ]
—_—p < E E
— — =
p (Xt p Monte Carlo

! -

Look for non-prompt y's that take longer tc
reach calorimeter.
If the has a significant lifetime, we can

separate the signal from the backgrounds. o™ == %%
As (ns)

1E

First count
Shape later
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Search for HLLX

LI B " R 7
- GDF Run Il Prelimindry, 570 pb™ 3
—a— 7+, +|Jet data ]
— All ]
10 Collisions —
- Beam Halo 3
42 B Cosmics E
= Low Standard Model
] 3 Background
107
-10 15
Corrected Time of Arfival (ns)
Signal Here
Will open the box next week
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The End ...

Since January 2005 EMTiming system covers CEM and PEM

detector (NIM is submitted)

Resolution is ~0.6 ns for and e, threshold 5.0 GeV in CEM
2.5 GeV in PEM

No noise, 100% efficiency above threshold, no non-Gaussian

tails.

We use it to fight backgrounds from Cosmic Rays, Beam Halo,

Pmt Spikes, ....

Exotic Physics with Photons:

* Heavy Long Lived X - can not be done without EMTiming
* Gamma + MET, Gamma+Gamma+MET+X ...

* Reconstruct Displaced Vertex (CAT-SCAN)
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Backup Slides
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Beam Width
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A(p) 55cm
A (pbar) 65cm

- =
N

TTTT IIII[IIIIJIIII TTTT IIIIEIIII]II I|IIIIlIIII

-sol 1 I-40I 1 l-20l | | 0 | | | 20 | | I40 1 1 1 60 >
Z(cm)

Average z position of the interaction 1s given by
7 = exp(-(z-ct)>/ A%(p))*exp(-(z-ct)*/ A%(pbar))
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Splitter
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so - 7 T ]
. o« e . e [ Splitter (solid)— Mean=12385+13, Sigma=380+£10 ]
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® Linear 1n all reasonable energy range

* No change in PMT signal shape

RPN IR EPSEVNE SRS I
0 0:25 0.5 .75 1

* No change in pedestals
Anode Peak Voltage (V)

® No Change 1n E/P for electrons
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