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Introduction 

Instrument the TAN to look at the forward shower from the collisions 

Challenges: 

 Measure bunch by bunch luminosity – 25 ns resolution 

 Very high radiation environment – 25 Grad/yr 

 Reasonable integration times for 1% resolution 

Selected flowing gas ionization chamber 



LUMI - Specification 
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LUMI - Requirements 

LBNL
25 Jan. 2002

40 MHz Ionization Chamber
W.C. Turner
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Requirements (Lumi mini Workshop, 16-17 Apr. 99)

• Absolute L measurement with δL/L ~ 5% for L > 1030 cm-2sec-1

• Cross calibration with LHC experiment measurements of L 
(every few months)

• Sensitivity of L measurement to variations of IP position 
(x*,y*<1mm) and crossing angle (x*’,y*’<10µrad) less than 1%

• Dynamic range with “reasonable” acquisition times for 1% 
precision to cover 1028cm-2 sec-1 to 1034cm-2 sec-1

• Capable of use to keep machine tuned within ~ 2% of optimum L

• Bandwidth 40 MHz to resolve the luminosity of individual bunches

• Backgrounds less than 10% of the L signal and correctable
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LUMI - Specification 



TAN and TAS absorbers in IPs 1 and 5 

•  The TAS absorbs ~200W of forward collision products that have  
   escaped the beam tube in front of Q1 (mostly charged pions and photons) 

•  The TAN absorbs ~ 200W of forward neutral collision products (mostly  
   neutrons and photons) and is placed in front of the outer beam separation  
   dipole D2 

•  Instrument the TAN and TAS to measure and optimize the luminosity of 
  colliding bunch pairs with 40MHz resolution 



Exploded view of the neutral absorber and 
transition beam tube 

IP 



  An intentional transverse sweep of one beam introduces a time 
dependent modulation of luminosity 
   ε  = error offset amplitude 
   d = intentional sweep amplitude 
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•  Define the detector current 
LmetI inelσαεdet)( =

•  Integrate to obtain the luminosity and error offset, 0 < t < T,  
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Concept for optimization of luminosity 



Incident particle fluxes per pp interaction 

  An example: TAN neutrons  
   L   = 1034 cm-2s-1, σinel = 80mb  =>  8x108 pp int/s 
  <n> = 0.33 neutrons/pp int       =>  2.6x108 n/s 
  f   = 40 MHz bunch xing       =>  6.6 n/bunch xing 



The right-left asymmetry ratio is a sensitive function 
of the crossing angle 
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 - TAN 142 m from IP, xing angle = ±150 mrad 

–  Measurement of the asymmetry ratios at the positions of the TAS  
   and TAN on both sides of an IP may allow determination of IP pos.  
   and xing angle 
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LUMI - Conceptual Design 
Argon Ionization Chamber 

I0 

τ 
τ = xGAP/vD 

Signal is proportional to the number of parallel gaps 
Capacitance add up with n. of gaps + slows down the signal 

 Optimized for 6 gaps 
 Must live in a radiation environment 100x worse than accelerator 
instruments have ever seen 

 ~25 MGy/yr, ~1018 N/cm2 over lifetime (20 yrs), ~1016 p/cm2 over 
lifetime 
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Bunch-by-bunch Luminosity 

m=0.33 σINEL=80 mb SNR=5 2808 bunches 



Ion Chamber Main Parameters 

Table 1: Ionization chamber details

Quadrant area,mm2 1600
Gap between plates,mm 1.0
No. of gaps in parallel 6
Gas Ar+6%N2
Gas pressure,atmos abs 6
Ioniz pairs/mip-mm 58.32
E/p, V/mm-atm 200
Gap voltage, V 1200
Electron drift velocity,mm/microsec 45.0
Amplifier/Shaper gain, microV/e- 0.16
rms noise,mV 1.24

  Example shown (6 atm) was used in RHIC experiment 
  W. Turner - LBL-CBP TN 352, Oct. 2005 



Operation in RHIC and LHC 



LUMI Monitor Exploded View 

Beam Direction 

Macor Housing 

6 gap electrodes 

Segmented Ground 
plane 
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Ionization Chamber Fabrication 

Electrodes and ground plane 
OFHC copper 
Wire Electrical Discharge 

Machining (Wire-EDM) 
High precision 
Ground plane center element 

is e-beam welded 
Sensor body 

Macor (Mycalex backup also 
available) 

Several fine features with 
high precision 

Fasteners for assembly 
Over-constrained assembly 

requires some 
craftsmanship 

E-beam welding on ground plane 

High aspect ratio fins on electrode 

Ground plane 

All body parts are Macor 

1 of 4 electrodes 
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Detector Assembly 
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Case is designed to manage stress levels 

Max stress is <16kpsi (<110 MPa) 

K. Chow 
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Gas velocity in production chamber 

Darkest blue areas are 
equivalent to less than 0.017 

liter per hour flow 

This face is at a cut 
plane through center of 

front gas volume 

K. Chow 
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Signal Processing 

Analog to Digital  
Conversion 

Shaper Preamp Control and 
Data Processing  

(STRATIX)  

Memory 

Slow control 

VME  
Controller 

VME Bus to CERN Main DAQ 

LHC Tunnel 

•  Very low noise pre-amp in the tunnel 
•  Shaper section completes the analog signal processing 
•  ADCs integrated in a VME64 mezzanine card 

–  Interface defined by CERN BDI group 
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Electrical Connections 

Tri-axial 
Configuration 

Cable Tray 

PA 

LUMI (Conformal Coating) 

TAN 

Preamplifier  
Box 

EARTH  
GROUND 
(Tunnel) 

INSTR. 
GROUND 

Shaping  
Amplifier 

SH 

Isolation 
Transformer 

EARTH  
GROUND 
(Counting  

Room) 
10

0K
 

Soft Connection 
(Safety) 

VME System 

“VME” 
 GROUND 
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Shaper Board and  
DAB64x boards 

Slot0 
CPU 

Coincidence between both sides of IP 

Left side of IP Right side of IP 

DAB64x SH SH DAB64x DAB64x DAB64x DAB64x DAB64x DAB64x BOBR 

Timing 
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LHC DAQ Interface - DABIV Board 

Flash 
Memory  

SRAM  

FPGA (VME) 

FPGA 
(Application) 

Mezzanine 
Connectors 

D Bishop, TRIUMF 



Data Exchange 

DIP protocol defines exchange of data between experiments and 
machine 

Lumi has outputs of shaped analog signals at the racks (USA15 and 
USC55) available for experiments 

Extensive interactions with ZDC groups of both ATLAS and CMS 
 integration and installation coordination 

CMS interested in joining data analysis and studies of detector 
 Atlas too? 

24 
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Radiation Damage to passive components 

Damage to passive components is mostly dominated by neutron 
scattering 

DPAs are a best way to measure the effects of radiation exposure 

While a DPA to first order is a DPA, neutron energy, flux, temperature 
changes can have a great impact on test results 

If an atom is displaced and quickly recombines, it could be no problem 
If this happens while an enormous amount of heat is dissipated, the 

material properties could easily change, the atom may not 
recombine…  



Proton and/or Neutron GRad-level Irradiation Exposure 
Ceramics, Resistors and Capacitors  

Mycalex and Macor 
Metallized on one side 

200 MeV and 117 MeV Protons at BNL Isotope Facility 
Two phases 

Nick Simos (BNL) ran the tests with other LHC components 
Estimated 35 Grad total dose 
No observable problem  
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Irradiation Tests 



Test Condition for Phase I 

B(0.87,18.65)

C(-6.42,-12.87)

E(5.65,1.24)

G(25,0)F(-22,0)

D(-13.06,4.54)
A(-3.7,2.9)

102 µCi

284 µCi
48 µCi

Spatial Arrangement of 
Secondary Containers 

Lumi Monitor Parts 
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Active Components in LUMI 

In general a level of ~100 krad/yr is tolerated by bipolar 
transistors 

Packaging front end electronics for fast replacement 
Dual channel to overcome random failures 

Recommend replacement after a given integrated dose 
1-2 years at highest luminosity 
Earlier operation at lower luminosity will allow for a longer time before 

replacement 

Do we have a choice?? 



Testing with Beam 

RHIC 
Installed at PHOBOS area, dedicated collisions during Au-Au run 

ALS 
 with 1.5 GeV e- beam 
  Validated models, studied single bunch response 
 with 40 MHz x-rays 
  Validated speed 

SPS 
Fixed target experiments with single particle, slow spill  

29 



Vernier scan in RHIC 

A few steps during 
several minutes 

Black=ZDC 
Red/Gy = Lumi 



Excellent Agreement of ZDC and Lumi in vernier 
scan 

ZDC counts vs lumi 
counts 

Excellent agreement 



Excellent agreement of ZDC and Lumi in a 5 hr 
Store 

ZDC vs. Ch 2

y = 0.5898x + 420.52

R2 = 0.9914
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SPS Experimental Setup 

LUMI 

Copper Absorber 

- 350 GeV π 



Fluka Model 

Have MARS model too 

34 



Absorber Scan Results 



36

LHC - Sep 10, 2008 

Beam Signals on Lumi Monitor 



Installation at ATLAS 
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ZDC LHCf 
(ZDC later) 



Installation at CMS 
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PMT 

PreAmp 
ZDC 

Bar Code 



LHC Beam Commissioning Plans 
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Status and Conclusions 

Have designed, modeled and built Luminosity monitors 

Beam tests show good agreement with models 

Installed all four units in the LHC 

Look forward to beam commissioning 

Data integration and information exchange setup 

Open to collaborations with experiments to integrate beam 
commissioning experience 
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