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IFR schematic
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Important Physics study using |FR detector (1)

rocess Physics Goals Role of Role of Comments
muons K}
B—ml"v, B—nln,.. BR, Vi, dN/dg? ok stat, high p
B—pl v, B—wlD,.. BR, Vi, AN/dg? ok stat, high p
B — X0~ (with Byeeo sample) BR, Vi ok stat, high p
B — X~ (incl. endpoint) BR, Vs ok high p
B — uv, B — vy BR, new phys Wi (7)) stat
Dy — pv BR, fp, Aotk high p
T — [y New phys. Horck stat
J/1 prod. w/init. state. rad. leptonic widths Aok
ete™ — ur New phys. ok stat
B — K(T(~ BR, loops/new phys ~ *¥** stat
B — K*(~ BR, loops/new phys =~ **** stat
B — X 00 BR, loops/new phys ~ *** stat
B — X7 (lepton tags) BR, loops/new phys Ak stat
B — Kvp BR, loops/new phys *(7)  stat

Rating system: IFR gives *(some benefit),  **( significant benefit),
***( large benefit), ****(essential information)
Modes highlighted in red will be discussed in more detail.
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Important Physics study using IFR detector (11)

B2Ké€-,B>K*€+€-, and B> X;€+€-
Three diagrams in the Standard Model: penguins (g, Z), and the W*W- box:
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I+ Similar diagrams (no leptons shown here)
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History of Electron & Muon Efficiency

Analysis efficiency:
electron modes
- K(*)ee modes: € stable
ol =t K(*)mm modes: ¢lower and falling with time
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RPC flaws in BABAR
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Large temperature increase in BaBar over short time.
Increase of dark current/noise, reached current limits.
RPC efficiency drop ( right plot)

The readout electronics inside the detector volume

(For details please see Chang-guo Lu’s talk)
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Upagrade of IFR detector

| will discuss Yellow - New absorber Forward endcap:
the barrel upgrade Green - Double Gap RPCs ’
L MASMNET s : New RPC’s to
improve efficiency
installed, 20

12 layer RPC —>LST

6 layer RPC —> Brass

Layer 19 not accessible

2 sextants in 2004

4 sextants —> 2006
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Limited Streamer Tubes (read out ¢ coordinate)

» Tubes consist of 7 or 8 cells

e Cell dimensions: 15mm x 17mm X 3.6m

15mm

 Consists of gold-plated anode wire and | !

graphite-painted PVC walls (cathode) —=t17mm =

» Enclosed in PVC sleeve
» Endcaps include HV / gas connections

* Produced at pol.hi.tech company in Italy.
» At Princeton and OSU, the tubes are glued
onto a SLAC-produced “phi-plane” to form module

Extruded PVC Endcap (HV, Gas Inlet)
sleeve and profile

Graphite
coating holder
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LST Module and Q/C test

A Layer within a sector consists of 6 to 10 LST modules
Each module contains of 2 or 3 8(7)-cell Tubes

- =T
=
o
o
Ty}
L4
b ')
=

The 3 different types of modules arranged
to minimize the dead space

We Q/C the modules before putting into the detector
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Options for module design

Option 1: Double-layer with a small cell (9mm x 8mm)

Reading out both coordinates from outside strips is possible
AL.5=+0.2

Option 2: Single-layer with a large cell (17mm x 15mm)
Readout one coordinates from outside strips ( BABAR case)

E'DFFE

F——21.240.2 ——=

i
20 rmm ] 15 mm
"

17 mm

Single layer has low mechanically failure rate, simpler HV and Gas system
and cheaper than double layer .

There will be some efficiency loss from double -> single layer LST.

Making the cell size bigger compensates this loss (9mm x 8mm —> 17mm x 15mm).

23" August-2005 ALCPG, Snowmass, Colorado
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Effect of wire diameter to the e-field on wire surface

Anode wire diameter variation has big impact to the e-field on the wire surface.
The e-field on the wire surface:

\Y

R = R mR.R)

AN =V dERR , )/dR , R =V In (RC/Ra)_ldRa _ |y INn(R./R,)-1|dR,
ER ,) R,In(R./R,) In(R./R,) R,
Assume V=5000V, Rc=0.6cm, @

If dRa/Ra = 5% = AV = ~200V

5% of wire diameter increase leads to 200V effective
voltage drop on the wire. R,
This has impact on the plateau curve.
anocle wire
Apart from wire diameter , one has to look at smoothness of wire

Other important aspect is to look into aging effect for the wire.
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Images of Au-plated Be-Cu wire

The following pictures using Phillips XL30 FEG-SEM electron microscope and PGT-IMIX PTS
EDX x-ray analysis system at Princeton Image and Analysis Center .

: e
Accl. Spot Magn Det WD ——————— 50um Sifo s P e T £

150KV 3.0 696x SE 149 Silver 15.0kv 3.0 1396x SE 145 Silver

Use SEM scale measured wire diameter is 101um, micrometer measured is 97 um.

For Ag-coated wire, SEM scale measured diameter is 107um and micrometer measured 105um

23" August-2005 ALCPG, Snowmass, Colorado 13



LST grounding (coverless tube)
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The top shielding is not only for the read out of LST, but also is an essential part of LST tube.
With and w/o this shielding an LST can behavior quite differently. In our case, LST is attached
to ¢ -plane so that it is always grounded on the top.

23" August-2005

ALCPG, Snowmass, Colorado
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Z-coordinate readout planes

1mm thick vacuum laminated
planes made with Cu foil + Mylar

35mm wide 96-strips
connected to cables
(2mm gap between strips)

16 channel cables for
signal pick up

(6 cables: 3 on

Each side=96strips)

These planes are built at SLAC

RN LB 4
s . ¥ !
23" August-2005 ALCPG, Snowmass, Colorado 15



How does LST work ?

mineed signal

Z-stps

streamner
anode

. ¢ athoie

Segmented strips adjacent to Anode wire signal can be read
detector pick up induced charge

signal from the streamer out directly from on top of HV

This yields two position coordinates. The third is
gained by installing multiple layers of streamer
detectors. Combined, these allow full tracking

23" August-2005 ALCPG, Snowmass, Colorado
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LST installation

Simple Procedure:

1. Insert Z-planes

2. Push the Modules
inside the gap

Test them before
completion of layer

b

23" August-2005 ALCPG, Snowmass, Colorado 17



Backward view of bottom sextant

All the layer after LSTs
are installed

Brass slab

Layer-18 inside the iron block
(not accessible from the backside)

23" August-2005 o ALCPG, Snowmass, Colorado
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Gas System

N Gas controller and monitor

95 £/ %C0O2=100-%Ar-%lsobutane

Monitors mass flow meters
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High VVoltage

Enable and control box for HV

High Voltage system provides a 4 chanmels_ o7
for every tube ‘I - —— =5 |

Costume made by OSU = - -

—> granularity '

23" August-2005 ALCPG, Snowmass, Colorado 20



Readout boards

completely new electronics has been developed to 1.0065/s Y
adout the signals from:

3

- strips (z coordinate — beam line direction)
positive signal 2

board - wires (phi coordinate — azimuthal angle)

\ negative signal N

EEI] FOOmVE  Ch3 10.0mv<a M 50.0ns Chd v —440mV 7 Nov 2002
Ch3 10.0mv  Cha 1.00 V< T1sss

Signals are sent to Front End Cards
and there amplified and discriminated.
In case of RPC, the front end cards were inside

detector volume

— Not accessible once detector is closed

23" August-2005 ALCPG, Snowmass, Colorado 21



Detector Performance (1)

All the 4 channels in every tube
are consistent with each other

16010
All the modules and tubes are
> working good.
S \KSmgles rate for a tube
E s in Layer#18
§ Nice plateau ~ 500V
O i (we are running at 5.5KV) Cificien
d300 5100 | 5400 5F0) 1
v v M
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Wire and Strip multiplicity
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Laver Rate narmalized ta the Laver 1 rate far that sextant

Counting rate and Currents versus luminosity

Plots are obtained from the BABAR run during Apr 18t-25t  2005.
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Improvement of muon efficiency
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Event display from cosmic event

Cosmic Ray Muon in New BaBar IFR

Sept 30, 2004

il
L

=l
=1
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Summary

We installed 2 sextants in 2004 (top and bottom)

—>388 tubes: 1552 readout channels
—>All, except 5, of them working good

—> 24 Z-planes: 2284 strips
—> 0.7% disconnected channels (not adjacent strips)
—> no efficiency loss (strip multiplicity is ~1.8)

2/3rd of the Barrel to be installed in 2006

—> bigger challenge because it is tilted
(pushing the z-planes and modules
requires special instrumentation)

But the experience during last year installation will be
advantageous for next year installation

23" August-2005 ALCPG, Snowmass, Colorado
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Counts/100 sec

Plateau measurement for Layer#18 modules
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Possible LST configuration inside the iron gap

Magnet Ground \

& Strip Ground Plane

Signal Collection
PCB

s { Strips
_Resistor Wire
SHV i@ l//
Cathode ; Signal Collection PCB
(Ground) z Strips ignal Collection 2 Strip Signal
Z Strip Ground Plane

Magnet &7

One can read out the z and f coordinate of the hit through the strips in both direction
but for our case, the ¢ signal is read through the anode wire rather than ¢-strips

23" August-2005 ALCPG, Snowmass, Colorado
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I(uA)

Shielding of LST

W/o top shielding anode current increasing with time

It takes ~ 2 hours to stabilize the current, the final current is much higher than the initial
current:

] W/o grounded
35 1 shielding on the top of
] LST, under intensive
3 . 2 hours source radiation the
] . * anode wire current
25 1 : takes ~ 2 hours to get

stabilized.

] i / | Place a Sr-90 at a
05 1 A e B point 49” away

] / from the LST end
0 e . ——— S
o 200 400 g00 200 1000 1200 1400

time(")

23" August-2005 ALCPG, Snowmass, Colorado
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Why to run the detector at Streamer Mode ?

cathode i primary pair

gas

e’ lon pairs

Proportional mode

———————— secondary
® mode 4tFd4ttttd+++t avalanche
anode
A N
Streamer mode L
A T I.-' '\l
LA
+
-+ — 4. Mew avalanches form in
3. Excited atoms produce field between avalanche head
1. Particle iotuzes gas 2. Avalahche forms photons that 1orze the gas T ETE wire. El.ect.rons m
shead of the streamer head recombine with 1ons from
photoetmission.
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An event from the beam collision

Top and bottom sextants
are LSTs

Side four sextants are
RPCs

23" August-2005 ALCPG, Snowmass, Colorado -



Online Detector Control (1)
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Online Detector Control (1)
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Aging test

C

_ X-ray irradiation distribution along
anode anode wire direction

) T

PST tube J —w  le—1 cmirradiated region

The ratio between the
aging window and control
window also shows no sign
of aging.

23" August-2005
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Important Physics study using |FR detector (1)

rocess Physics Goals Role of Role of Comments
muons K}
B—ml"v, B—nln,.. BR, Vi, dN/dg? ok stat, high p
B—pl v, B—wlD,.. BR, Vi, AN/dg? ok stat, high p
B — X0~ (with Byeeo sample) BR, Vi ok stat, high p
B — X~ (incl. endpoint) BR, Vs ok high p
B— DI~ BR, Vi, dN/dg* +* stat at high ¢
B— D' v BR, Vi, dN/d¢? * stat at high ¢
B — D", D5t~5, D¥7n0~p BR, Vy Hk stat
B — X £~ (inclusive) BR, Vi ok stat
B — X 77 (incl./ lepton tag) ~ BR, Vi ok stat
B — X ™7 (mass moments) BR, Vi ok *(7)  stat
B— DWrp BR, Higgs Ak *(7)  stat
B — K(T(~ BR, loops/new phys ~ *¥** stat
B — K*(~ BR, loops/new phys =~ **** stat
B — X 00 BR, loops/new phys ~ *** stat
B — X7 (lepton tags) BR, loops/new phys Ak stat
B — Kvp BR, loops/new phys *(7)  stat

Rating system: IFR gives *(some benefit),  **( significant benefit),
***( large benefit), ****(essential information)

Modes highlighted in red will be discussed in more detail.
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Silver plated anode wire

Images of Ag-plated Be-Cu wire

AcEN  Spot a Dt WD e AccV SpotiMagn Det WD ———— 20um
15.0 k¥ 3.0 692x SE 15.0 Silver 15.0kV 3.0 1384x SE 15.0 Silver

Surface quality looks similar to the Au-coated wire. Use SEM scale measured wire
diameter is 107um. Micrometer measured diameter is 105um.

Both silver-plated and gold-plated Be-Cu wire samples look having smooth surface
under the SEM.
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