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‘Why colliding beams ?I

&® Two beams:

E17p17E27p27m1 — Moy =1

Ecm — \/(El + E2)2 o (p—i _l_p—é)Q

& Collider versus fixed target:

©® Fixed target: p; = 0

*® — Ecm E \/2m2 + 2E1m
© Collider: p; = —p; (usually)
® — L., =FE +FE

© LHC (pp):
14000 GeV versus 118 GeV

© LEP (ete™):
210 GeV versus ?
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Colliding beams I

Collider performance qualified as:

® Available energy

® Number of interactions per
second (useful collisions)

® Total number of interactions

® Secondary issues:

® Time structure of interactions
(how often and how many at
the same time)

&® Space structure of interactions
(size of interaction region)

® Quality of interactions
(background, dead time etc.)
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‘ Complications I

#® Crossing angle
«® Hour glass effect

«® Collision offset (wanted or

unwanted)
4 Non-Gaussian profiles

«® Dispersion at collision

point
® 5" /os = aF # 0
& Strong coupling
@ etc.
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‘Collisions at crossing angle'

/

Q(X,y,s,—s ()

pz(x,y,s,s )

® Needed to avoid unwanted

collisions

#® For colliders with many bunches:
LHC, CESR, KEKB

#® For colliders with coasting beams
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Integration (crossing angle)'

use as before:

+ 00 5
/ e T dt = w/a
— o0

b2

+0o0
/ e—(at2—|—bt—+—c)dt _ /7r/a e ;ac
— 00

Further:

and:

4 Since both x and sin(¢/2) are small: drop all
terms o¥sin!(¢/2) or zFsin!(¢/2) for all
k41 > 4

& Approximate: sin(¢/2) ~ tan(¢/2)~ ¢/2
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Offset and crossing angle'

e After integration over x:

N:N-fN 400 —(As?+2Bs)
L= 2/ °9 COS — W ds
87'('2 Og 020y
e with:
4 — sin? %Jr(:os2 o B_ (do — dy)sin(¢/2)
o2 o2 202
e and
W = e_4i% (dz=d1)*
—> Luminosity with correction
factors:
Ni{Ns fN, -
r— 1N f b-W-eBT-
4dro,0,
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Hour glass effect'

beté at IP: 0.50 rln —_—
4
2 \
- - /
K] T
2
2 or
©
3 T
—
_2 -
-4
1 1 1 1 1 1 1
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Distance from bunch centre

& [-functions depends on position s

© Usually: 3(s) = 8*(1 + (Bi>2)
i.e. 0 = o(s) # const.

® Important when " comparable
to bunch length o,
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If the beams are not Gaussian ??I

Exercise:

& Assume flat distributions:

(normalized to 1) p1 = po = o,

for [—a<z<al, z=1x,y

#® Calculate r.m.s. in x and y:
= [T 2 (2, 9)? - p(x, y)dxdy

© and L= [ pi(z,y)p2(z,y) dxdy

®

Compute: L4/< 22 >< y2 >

®

Repeat for (Gaussian distribution and

compare

® Try other distributions (parabolic,
triangular, cosinelike etc.)

CAS 2003 /luminosity W. Herr



‘ Integrated luminosity I

©®© Li(s // L(s' t)ds'dt

©® The real figure of merit:

Lint(s) - 0, = number of events

©®© During data taking: continuous
recording of L

&® For studies: assume some life
time behaviour. E.g.

L(t) — Lyexp (—f)

® Contributions to life time from:
intensity decay, emittance
growth, bunch length increase
etc.
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‘ Integrated luminosity I

® Knowledge of preparation time
allows optimization of L

T i g P St Vel
e A A AP e S S

©® Typical run times LEP:
t, ~ 8 - 10 hours

® For LHC long preparation time
t, expected

CAS 2003 /luminosity W. Herr



Maximising Integrated luminosity'

® Assume exponential decay of
luminosity L£(t) = Ly - e'/™

© Average luminosity < L >

t
" dtL(t) o—tr)T
Ot — £O - T - l—e
r+ip

< L >=

® 1, is a "free” parameter, i.e. can
be chosen

© (Theoretical) maximum for:
tr~71-In(1+4/2t,/7 +1,/7)

© Example LHC (OB): ¢, = 10h,
7~ 15h, =, = 15h

© Exercise: Would you try to
improve T or t, 777
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‘ Luminous region I

% Density distribution of

interaction vertices

® OR: Which fraction of collisions
occur + s from the IP ?

® Important for experiments !
® Depends on o,, 0., and o,
«® But also on crossing angle ¢

Ly = /+OO L(s")ds" — L(s) = /+S L(s")ds'

NN, fB 2cos e [r
£ls) = ( 8;030* ) ﬁaQ \ A ert (\/Z S>

Yy
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Interactions per crossing'

® Luminosity « B N;Nj
® In LHC: crossing every 25 ns

& Per crossing approximately 20

interactions

© May be undesirable (pile up in
detector)

® —> more bunches B, or smaller
N 77
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‘ Luminosity measurement I

® Provide a signal proportional to
interaction rate

& Large dynamic range:
10" cm™2s7! to 10%* ecm2s7!

® Very fast, if possible for
individual bunches

® Used for optimization

® For absolute luminosity need
calibration method

CAS 2003 /luminosity W. Herr



Luminosity calibration'

(e*e”)

® Use well known and calculable
process

® cTe”— ete elastic scattering

(Bhabha scattering)

© Have to go to small angles

(Uel X @_3)

® Small rates at high energy

1

(Uel 0.6 72
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Luminosity calibration'

(hadrons, e.g. pp or pp)

&® Have to measure beam current
and beam sizes

& Beam size measurement:

® wire scanner or synchrotron
light monitors

® measurement with beam ... —
remember luminosity with
offset

© move the two beams against
each other in transverse
planes (van der Meer scan)

#® already used at Intersecting
Storage Rings (ISR)
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Luminosity optimizationl

1.4

T
Counting rate —_—

=
N

[y

o
[e¢]
I

e

0.6 |

Counting rate

o
S
\\
7

\
/

o

-4 -2 (0] 2 4
Transverse displacement in units of sigma

1 2
— 1 (dy—d
Remember: W = ¢~ 52 (@2~d)

— ratio of luminosity £(d) /L,
Determines o

. and centres the beams !

99

& & & & &

"beam-beam deflection scans ...
:>
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