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What are Vernier Scans?

Van-der-Meer Scans or Vernier Scans are done by stepwise 
sweeping one beam across the other while measuring collision 
rates as a function of beam displacement. This is done in both 
planes. 

Needed basic instrumentation: the ZDCs or other collision 
monitors (BBC ...) at the  various IRs, corrector magnet control 
to apply 4-bumps at IR, DX Beam Position Monitors (BPM) 
and beam current measurements from Wall Current Monitor 
(WCM) or DCCTs. 

A Gauss function is fitted to the result yielding the maximum 
rates (R

x
max, R

y
max ) the location of the maximums (x

max
, y

max 
) and 

the effective beam overlap widths (
x
, 

y 
) in both planes.  



The Method

STAR reconstructed vertex during a horizontal scan in 
2000 (arbitrary offset added to adjust both data sets).

Sweeping blue or  
yellow beam

Stepsize: 100-500 m

approx. 2 min./point

good agreement with 
STAR data



Method: IR bumps (in RHIC)

Triplet with
skew quads

DX BPMs

Hcorr Hcorr

 Vernier (or Van der Meer) scans can cause backgrounds
 Different optics (*) or energy requires different scan setup.
 Only one beam is moved per scan



do both planes 
(varying order)
approx. 30 
min. / scan
fit Gauss 
function to data 
(1st order)
reasonable 
χ2/ndf
get fit 
parameters to 
calculate 
luminosity and 
cross section
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Fit-Function: not necessarily a simple 
Gauss



Correction example: Fill Pattern

With 55 bunches (and 60 bunch pattern) this is 9% 
(5 out of 55) at all IPs except IR8 and IR2 (Au-Au) 
or IR4 and IR10 (pp). Correction varies from fill to 
fill slightly.

Total beam current 
has to be corrected 
for actual colliding 
pairs of bunches at 
the IRs.

gap



2136
0.97

2161
0.90

2277
0.90



HI: bunched vs. debunched beam 
(UU2012)  

Rebucketing example:
Debunched or just gain change?WCM gain changes during stores 



HI: WCM correction for debunched beam and gain 
changes (dashed lines)



Transverse coupling and Model 
Corrections

meas. vs. model 
(set) used for 
consistency check 
and systematic 
error

“cross talk”, i.e.
movement in v-
plane while 
moving in h-
plane, is 
corrected for

15 m



BPM precision/resolution

DX BPMS: type2
Dual plane
Small aperture

Absolute error 
(if needed) depends
On equipment



BPM repeatability

15 BPM readings are
averaged at every
step (15 x 4 = 60 s)



Ring-Ring coupling 

60 m

Fixed ring

Moving ring: +/- 1 mm



R=√1+(
σz
σx

tan φ )2

Correction for crossing 
angles:

tan : ½ cross. angle
z: long. bunch profile
     1m (avg.)
x: horiz. bunch profile
      360 m (avg.)

tan = 0.1 mrad R=1.01
tan = 0.2 mrad R=1.04
tan = 0.5 mrad R=1.20

tan = 0.04 mrad 

tan = 0.01 mrad 

Data taken after vernier scan (no transv. offsets)
Adjusted by 0.-0.4 mm to cross at 0/0 -> uncertainty of 0.1 mrad



Accidental collision rate correction

Accidental collision rate 
correction depends on species 
and detector specifics (like 
dead time) 



Example for error analysis

 In short: achievable accuracy depends strongly on 
specifics such as instrumentation, lattice (beta*, 
hour-glass), bunch length, bunch size, species 
(beam-beam), number of scans etc.



Example: 2013 pp@255GeV
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