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QuadrupoleError

.. about things that should not happen and still occuioim time to time.
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Basic Layout of the Machine
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LHC Lattice Layout

IR layout
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LHC: ...itis a messsss: eight IR's

with individual lattices(i.e. quad positions),
optics(i.e. quad values)
with individual beat functions
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Quadrupole Errors

optic perturbation described by thin lens quadrupole
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rule for getting the tune
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Quadrupole error- Tune Shift

Y=y, *AYy . cos(y,+AY)=cosy, + Akds,[;sintpo

remember the old fashioned trigonometric stuff arebsume that the error is small !!!

: : kdsfsin
COSY, COSAY —siny, SnAy = cosy, + ’82 o
— H_I
=] :Aw
kdsf
AU =
v 2
and referring to Q instead of: the tune shift is proportional

W =2mQ | ... to thep-function
at the quadrupole =50 m in the arc
f =500 m in the matching section

AQ = STI Ak(s)B(s)ds Il to the number of quadrupoles in series

41t Il to the strength of the quadrupole
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... for small errors only !!!



Quadrupole error: Beta Beat
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Quadrupole Errors and Beta Function

a quadrupole error will not only influence the oscillation freguency ... ,tune"
.. but also the amplitude ... ,beta function"
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the beta function is usually obtained via the matrix element ,m12", which is in
Twiss form for the undistorted case

m, = B,sin 27Q
and including the error:

m, =bya, +b,a,, —b,a,Akds

\ J/
Y

m, = B,sin 27Q

(1) my, = fB,sin 2Q — a,,b,,Akds

As M* is still a matrix for one complete turn we still can express the
nt m,, in twiss form:

(2) my, =(B, +dB)*sin27(Q +dQ)
Equalising (1) and (2) and assuming a small error
B, 8N 27Q —a,,b,Akds = (£, + dfB)* sin 27(Q + dQ)
B, 89N 27Q —a,,b,Akds = (5, + dfB)* sin 27Q cos 27dQ + cos 27Q sin 27dQ
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M— a,,b,,Akds = W B,2mdQ cos 27Q + dfS, sin 2rQ + dm 2mQ

ignoring second order terms

- a,b,Akds = ,27dQ cos 27Q + dfS, sin 270

remember: tune shift dQ due to quadrupole error: dQ = Akp,ds
(index ,1" refers to location of the error) 4T

Akds = ﬁOA;ﬁldS

-a,b, cos 27Q +df,sin 27Q

solve for dp

dg, = o 277Q {2a,b, + B, 1, cos 2mQ}Akds

express the matrix elements a;,, b;,in Twiss form
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dg, = = 277Q {2a,,b, + B, 5, cos 2mQ}Akds

&, =+ BB SnAY,
b, =/ BB, IN(2Q -Ay, ,)

dg, = ~ Bob, {2sin Ay, sin(2mQ - Ay,,) + cos 27Q}Akds

28N 2710
— _
—
.. after some TLC transformations .. = CoS(20¢,, — 27Q)
_ﬂ s1+|
DB(s;) = @ B(s)Ak cos(2 4 ~¢.,) - 27Q)ds

Nota bene: I the beta beat iproportional to the strength of the errank
II'and to theg function at the place of the error ,

I and to thep function at the observation point,

! proceeds as double the phase advance

I there is aresonance denominator



en detail: LHC Injection Optics IR_2
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Absolute Beta function
after trip of different quadrupolesin IR_2
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Cross Check with analytical formula:

Example: IR 2 ... Inj. Optics
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Tune Problem:

tune shift can increase the beta beat "ad infinitum"

AR(sy) = —Po

[ B(s)AK cos(2y, -w| - 2mQ) ds

0
28in 2/mQ

without tune correction

beta beadff / p= 220 %

with tune correction



Example: IR_3
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Example: IR_3
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