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1 Introduction

The main aim of the TT2-TT10 optics measurement campaigrowvelhber 2006 was to investigate the
effect of the QKES8 suppression in the PS, in term of changledroptics parameters in the TT2-TT10
line, for the LHC-type beam. The QKES58, consisting of a doubfeyuadrupoles, was used in the past
for the extraction of electrons and anti-protons from theIR2001 the hardware for the extraction of
electrons and antiprotons has been dismantled but theseetsaaye still used to reduce the dispersion
at the extraction septum SMH16 for all fast extracted beaRecent measurements have shown that
there is sufficient horizontal aperture in the septum to seggpthe use of this doublet [1]. The plan
is to remove it in the second half of 2007 run and recuperagtwer converter for the Multi-Turn
Extraction.

In order to determine the effect of the QKES8 suppressiornenrtitial Twiss and dispersion param-
eters of the line, two sets of measurements have been don@tloMNavember 2006, with the MESPS
beam 26 GeV proton LHC-type beam with low longitudinal emittande—~ 4 bunches), first with
QKES58 on and then with QKESS8 off. Table 1 summarizes the patara for the MESPS beam, used
for measurements of dispersion, emittance and Twiss paeasne

In the following sections, the tools implemented and usede data analysis will be described and
then the measurement results will be presented.

beam MESPS
Energy 26GeV
Intensity 110 ppb
€l 0.25eVs
e, = g, (norm. rms)| 1umrad
# bunches 1-4
bunch rotation no
momentum spread | 2.8 10~*

Table 1. MESPS beam parameters used for the measuremeih Mdvember'06

2 Dispersion measurements

The dispersion measurements have been done by recorditrgnisgerse beam position at the pick-ups
in TT2-TT10 and in SPS (first turn) via theasserelle, a tool which provides access to PS and SPS
equipments from Windows platform via Excel.

An Excel application developed by G. Arduini and D. Jacq@éhfs been used as a starting point
to compute the dispersion at the beginning of the line.

For QKES8 on and off:

e the beam momentum is varied (by changing the referencedremyusent from SPS to PS)
¢ the transverse positions at the pick-ups is recorded

e for each momentum, the relative off§etp/p) is computed from first turn measurements

¢ the dispersiorD; at each BPM location is obtained by a linear fit applied to trenbdisplacement
as function of(Ap/p)

e afitis applied to comput®, and D, at the beginning of TT2

The computation has been done by using the MAD-X optics ma@éb and the OTR monitors
F16. MI'V201, BTV1018, BTV1024, BTV1025 andBTV1026 have been added as additional con-
strains to the fit to get the dispersion at the beginning ofittee
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2.1 Fit algorithm to get the dispersion at the beginning of TT2
2.1.1 Fitting with «

In the original version of the Excel application, the fittifugnction to obtain the horizontal dispersion at
the beginning of the line is [2]:

whereC; and S, are the cos-like and sin-like functiod), is the dispersion foD, = D; = 0 at the
beginning of the lineq is a fit parameter introduced to take into account errorserdgtermination of
the momentum offset), = Dy/a and D}, = D}/« are the measured initial conditions divided by the
factora. The function to be minimized with respect(d,, D}, a) is:

N — - ~ 2
Dz‘ — CZD + SZD/ + OZDZ‘
=2 ( Eot S0 )> @
=1 ¢
leading to the system: B

b ¢ d Dy a
c f g Dy | =1 e ©)
d g 1 Q@ h

with:
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In this formulation, the measured dispersion is only on thktrside of the linear system.

2.1.2 Fitting with g3

The Excel application has been modified in order to take intmant the possibility to have different
calibration errors for the different kind of monitors.
As a first step, Eq.1 can be written as:

BDimeasi = CiDo + S;i Dy + Ei (4)

obtained by introducing the parametet= 1/«. The function to be minimized with respect to the initial
conditions(D, , D{) andg is now:

N ~ 2
ﬁDmeas,i - CzD + Sle + Dz
=) ( ( o ) ®)
i=1 ’
and the system to be solved is:

bb cc dd Dy aa

cc ff g9 Dy | = ee (6)
dd gg i1 I} hh



With:

aa:—zc’l}:—d bbzzc—gzb

o, o,
cc:zczfizc dd:_z%:_a
D. 2 1

L xS
g9 = _ZSiDO’i?;eas,i — ¢ hh:ZDiDo:r;zeas,i — B

.. D?neasi

= Z o2
In this case, the terms which contain the measured dispef3in,.; are also in the left side of the
system, thus errors in the measurements will change thexnatre inverted as well.

2.1.3 Calibration factors 3,

Equation 4 is then extended to take into account differelibregion factors for the different kind of
monitors. At thei-th point on the line, it becomes:

monsitors

Z Br0(k — m;)Dineasi = CiDo + S; D + Dz (7)
k=TT2,..,.SPS

wherem; is the type of monitor installed in thieth measured point on the line.
The system to be solved is:

Dy aa
Dj ee
M Brra = hhrro (8)
Bsps hhsps
with:
bb cc ddTT2 . ddgps
cc i ggrr2 ... 9gsps
M = ddrro qgrT2 1T 0 (9)
ddsps ggsps 0O 1isps

where the sums iddy, ggx, iix, hhy are extended over the measurements performed with the anonit
k=TT2,..,SPS only:

dd, = —f:CDJ—”; §(k —m;)
i=1 (
99k = —i% o(k —my)
i=1 ¢
hhy, = iv: % 5(k —m,)
=1 g
iiy, = i D’QZQ S(k —my)

i=1 L



By solving the system, one gets the dispersigyand its derivativeD;, at the beginning of TT2 and
the calibration factorg) for the different monitors. The statistical errors on thgaantities are given
by the diagonal term of the inverse bf (Eq. 9):

Dy = VM1 (1)

5D} = VML)

The fitted dispersion at each point in the line is:
Dyivi = CiDo + S;D} + D; (10)

and has to be compared with the quantityD,,,cqs.;)-
The errors in the horizontal fitted dispersion is:

6D us = \/C2(0D0)? + S2(0D})? (11)

and the error i3 D;eas,i) iS:

2 2 2
5(ﬁkDmeas,i) = BkDmeas,i\/<D0-i ) + <%> (12)

In the vertical plane the measured dispersions are m@tigdy the calibration factas, and the fit
is computed as in [2], considering the erbdp D,,.qs;) from Eqg. 12. In doing this, it is assumed that
the monitor calibration errors are the same in the horidzantd vertical planes.

3 Optics measurements

To compute the beam emittance and the Twiss parameterslaggiheing of the TT2 line, the standard
approach of the 3—monitor method (see e.qg. [3, 4]) is exi@iholenore than 3 monitor profiles, using a
fitting procedure. We assume that:

e the transfer matrices between the monitors in the line aoe/kras well as the transfer matrix from
the beginning of TT2 line to the first profile monitor

¢ the dispersion at the monitor location and the momentumasiaee known
e there is no coupling

As input we need the theoretical beta functions, alphas dradg advance at the monitor location:
Biz(y)r Qia(y)s Mix(y), the dispersion at the monitor locatiof; ., and the r.m.s. momentum spread:
(dp/p)

From the theoretical Twiss parameters we can compute th@ondssine—like functions [5] from the
reference point = s, (e.g. the beginning of the line) to the i-th monitor at pasits = s;:

Cz' = C(SZ’, 80) \/g [COS( ,uO) + Qp sin(,ui — /LQ)] (13)
Si = 8(si, 50) =/ Bibosin(p; — o) (14)



The r.m.s. beam size measured at the i-th monitor is:
Oﬁneas,i - 0-/234' + D12<dp/p)2 (15)
whereog; is the r.m.s. betatron beam size and the second term is thebtdion from the dispersion.

The betatron beam size can be written [5] in terms of the sid-as—like functions (Eq.13) and of
the Twiss parameters at the beginning of the line:

Ué,z’ = £f3; = e(C} By — 2C; S0 + Siv0) (16)

so by knowingos at 3 or more locations, it is possible to obtain emittance Bmids parameters at the
reference point.

3.1 Standard 3—monitors method

In case of three monitors, the systérs:

012 —20151 S% 860 (7%71
022 —20252 522 Q) = 0'%72 (18)
Cg —20353 S% Y% 0'%73

and it has to be solved f@e3, , cap , 70). Using the relationsy — a? = 1, the emittance is obtained
by:

e =/(eA) (e70) — (eap)? (19)

and, from that, one can g8, ag, 7o at the beginnning of TT2 line.
3.2 More than 3 monitors: fit procedure

In case of more than 3 monitors, again assunii@nd(dp/p) known, we can apply a least-square fit
procedure.
For every monitor (horizontal and vertical) it is:

d 2
Ugi = O-fzneasi - D12 <_p) (20)
' ’ p
We want to minimize the function:
2 m%rs 0'%71- — 8(0350 — 201'51'060 + 512’}/0) 2

(21)

=1

with respect tdef , caq , £70), whereA; = §(a3,) is the error associated tg, ;:

4 2 2
Ai - 2\/50-72nea5i g?neasi + 5D12 D’LQ (d_p) + D;l 5 (@) (@> (22)
: ; P p p

!Note that the matrix refers to the parameters at the begjnoiirthe line. In order to have the parameters at the first
monitor, the matrix would be:

1 0 0 eBo o5,
022 —2C5.55 522 £Q = 0'[23,2 (17)
C?% —20353 Sg EY0 0'33



After some mathematics, we get:

el a
M Q) = e (23)
€% h
where:
b ¢ d
M = C f q (24)
d g 1
and:
b= HCl  c==3 H208S;  d=Y3 £C2S?
f=2 40 g=—> 220:57  i=) 5] 5

a=> A%Cfag’i e=—> A%QQQS@'U%J h=> AL%SZ-Q(T%JA

The solution of the system, from which one can derive the bpamameters and the emittance
(Eq.19), is given by:

€ﬁ0 a
£Qy =M1 e (26)
€% h

3.2.1 Error estimate

The statistical errors associated to the fit paramétgis, ca, , o) are:

5By = VM-1OLD 27)
deap = VM1 (22) (28)
deyy=VM-133) (29)

Assuming that, 3, « are not correlated, the error on the emittance can be dedhycapplying the
standard techniques of error propagation to Eq.19:

(8 €60)° (€70)? + (0ev0)? (66)2 + 4(6 ea)?(crg)?

(6e)* = 12 (30)
And finally the errors on the measured Twiss parameters are:
5efy)?  (0e)?
(560)2 B ﬁg <((550())l - (52) > (1)
Seag)®  (e)?
(6a0)” = af <((MO§Z + 2 ) (32)

3.3 Blow-up due to Coulomb scattering at the screens

In case the profile measurements are all taken at the samewitheall the OTRs inside the beam, the
blow-up due to Coulomb scattering at the screens can be iamgahd has to be taken into account in
the emittance and Twiss parameters computation.

The Coulomb-scattering effect on the particle distribui®wobtained by the convolution of the beam
distribution function in the phase space with the beam-enartiteraction probability function. Using



the covariance matrix formalism [6], it can be demonstr@ed] that the covariance matrix of the con-
voluted distribution®/ is given by the sum of the initial beam covariance ma¥ixand the covariance
matrix of the scatterin@:

S =%, + 50 (33)

The same holds for the vertical plane.
The beam covariance matr®, before the monitor is:

Ex:( el —504) (34)

—ea ey

and, for a thin screen, assuming no modification in the posai the exit of the foil but only a change
in angle, the scattering covariance matrix is:

2= (o @) %)

where /(0?) is the r.m.s. scattering angle [8]:

t
(02) = 2.557 xcc—\/; (36)
E rel
with
X2 ~ (0.39612 x 10—3)225% [GeV2em™] (37)

The scattering angle depends on the energy of the incidetdns £ (in GeV'), the screen thickness
t (in em), and the other properties of the scattering material tinahe parametey?., wherep is the
material densityl} = Zf\il n; A; is the molecular weight and, is defined as:

N
Zy=> miZi{Zi+1) (38)
=1

beingn; the number of moles of elemenin a mole of material and; the atomic number.
In Table 3.3 are summarized the material and scatteringearigt the OTR screens in TT2-TT10,
for protons at 26GeV.

3.3.1 Twiss parameter at the beginning of the line, scattemyg included

For a beam with covariance mati;, , at the beginning of the line (unknown):

&w:<5% ‘””), (39)

—E&Q %
after transport in the line, the beam covariance matrix-atL is:
Ex,L == ML ECE,O Mg (40)

beingM , the transport matrix.
The transport matrices from the beginning of the line to tloaitor; and between the moniteand

j are respectively:
_ (G S - _( Cy Sy
M, = < c g > , M;; = ( C{j Sz{j ) (41)
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monitor screen # material thickness|  /(62)
F16.MTV201 C 2 Carbon 100pm | 1.095 107
F16.MTV201 Ti-12 3 Titanium 12pum 9.3110°¢
BTVv1018 Al 1 Alumina 1mm 3.57107°
BTV1018 Ti-12 2 Titanium 12pum 9.3110°¢
BTV1018 M-25 3 Aluminized Mylar | 25um 4.57 1076
BTV1024 Al 1 Alumina 1mm 3.57 107°
BTV1024 Qu 2 Quartz 1mm 5.27 107
BTV1024 M-25 3 Aluminized Mylar | 25pm 4.57107°
BTV1025 Al 1 Alumina Imm 3.57107°
BTV1025 Ti-12 2 Titanium 12um | 9.3110°°
BTV1025 M-25 3 Aluminized Mylar | 25um 4.5710°¢
BTV1026 Al 1 Alumina 1mm 3.57107°
BTV1026 Ti-8 2 Titanium Sum 7.610°6
BTV1026 M-25 3 Aluminized Mylar | 25um | 4.57 107°

Table 2: OTR screens in TT2-TT10: materials and scatteniges

At the exit of the first monitor, the new beam matrix is:
Y1 =M; 3, Mip + 23X (42)

whereX ., is the scattering covariance matrix at the first screen.
After the second monitor:

Ye2 = Mipp X, MlTQ + 2 (43)
= My X, oMl +My 20 M, + Zcs

In general, at the exit of the i-th monitor, the beam matrix is
i =M,; 3,0 M} + 3¢, (44)
whereXl ; is the contribution from the scattering at the preceedimgests and it is known:

1—1
o= (M S ML) + Sey (45)

k=1

We are interested at the elemént) of X, ;. From the measurements we get the first element of the
beam covariance matrix:

Em,i(ll) = O-éi = arzneas,i - D12<dp/p>2 (46)
The contribution from scattering is:
i—1
/C,i(ll) - Z Slzi <92>k (47)
k=1
and therefore:
O,%i — (Mz 2%0 MZT)(II) + 2/077;(11) (48)
= C2(efo) — 2CsSi(2ag) + S2(ev0) + X, (49)



Again, by measuring, at 3 monitor locations, it is possible to gets, , cay , 7o) at the reference
point by solving the system:

2 —2048, 2\ [ eh 0% — g, "
C2 —20,9, S2 eag | = | o2 —x,M (50)
C2 —204S; S3 Y0 o — 5,0
where:
2/0,1(11) = 0
2o, = 8% (0, (51)

SeaV = SH{0%), + 5% (F7),

With respect to Eq.17, a new (known) term has appeared inighé side of the system, namely the
quantity>;, ") has to be subtracted to th8 .

3.3.2 Extension to more than 3 monitors

The extension to more than 3 screens is straightforwardesin the same way as for the 3—monitors
method, if one replaces Eqg. 20 by:

d 2
0—%,1' = Ugleas,i - DZQ <_p) - EIC,Z'(H) (52)
p
Wherez’ai(”) is the contribution from the Coulomb scattering at the prdeegscreens computed in
Eq. 47, the Equations 21 - 32 still apply.

4 Beam profiles at the BTV monitors

The 2D beam profiles have been recorded at the BTVs equippédQUiR screens in TT2-TT10
(F16. MTV201, BTV1018, BTV1024, BTV1025, BTV1026). The horizontal and vertical sizes
are calculated by applying a bi-Gaussian fit, usingf aninimization routine provided by Matlab. Be-
fore the fit is applied, a background image is removed, thelhisdocalized in the54x254 pixel image
and a tilted-elliptical window is selected for the fit. Moweo, since the screens are placed&twith
respect to the beam and the CCD cameras have a finite focal Jehgthlgorithm takes into account
and correct for the induced image distortion.

4.1 Correction for CCD camera optics distortion

Since the screens are placedtat with respect to the beam and the CCD cameras have a finite focal
length, the the acquired images are distorted, as showmgirlFi

Before starting the measurements is therefore necessaajilboate the monitors. Figure 1(left) is
the image taken &TV1025, without beam, using the Alumina screen, which has a grictof x 1cm
pitch size. It is possible to see that the number of pixelscpefV,, which is the same in the horizontal
and in the vertical planes, depends linearly on the veroakdinate. In particular, once the center
(x0, 7o) Of the image is found, it is:

Ny =n+m(y — yo) [pizel /mm] (53)

wheren (the number of pixel per mm at the center of the image)an(he linear coefficient) have to
be determined. Note that the horizontal coordinate of tméece, has to correspond to the position of
the grid line which is exactly vertical (indicated with amaw in Fig. 1).
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Figure 1: Left: Distorted image taken at BTV.1025, Aluminegesm, before correction. Right: the same
image after off-line correction.

The pixel sizep, has to be increased (decreased) according to the follovgugt®n:

1 1
Ps = w5 =
N, n+m(y— o)

[mm] (54)

and the following calibration corrections have to be agplie

r — 2o

* _ _ _ Y~ %
Y =psly — o) = oy —90) (56)

The pixel intensity as well depends on the vertical positibthe pixel itself (if the pixel area is enlarged
when applying the correction, its intensity has to be desgrdgroportionally, to keep the same density):

z*zz(n+m(y_yﬂ)>2 (57)

n

For each monitor, the calibration and the center of the infagg),) have to be determined during
the calibration procedure.

4.2 Algorithm (momenta and fit)
A bi-Gaussian fit is applied to the images, by using the fumcti

 Soa(® = uy)® + Sy —uy)® = 2 Sha(r — u)(y — uy)
folz,y) = Ae 2 det(S5) +b (58)

where the fitting parametet is the maximum intensity, is the offset,u,, u,) are the centroid coordi-
nates and ' is the second order momenta matrix:

(xXx) (x7)
= (o o) =
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and the beam sizes are:

00 = V(X X) (60)
oy = VYY) (61)

The minimum of the?:
X?‘it - Z(Zz — fo(zi, y:))? (62)

is found with the' fminsearch’ function from Matlab, which uses the simplex search method.

For every acquired image, after correcting for the CCD cameta® distortion, a background
image obtained by an average over 8-10 shots without the baarne subtracted, to remove systematic
errors and offsets. The first part of the job is to localizelibam centroid and have a good first guess
on the beam sizes and tilt, and then the bi-Gaussian fit i®peed over the points inside a selected
tilted-elliptical window.

To localize the beam centroid and have a good first guess doetlia horizontal and vertical sizes
and correlation, which is needed for the Gaussian fit to ageyea quite elaborate algorithm has been
used.

1. First of all a smoothing is applied by using a moving averager 4x4 points, to remove eventual
spikes due to noise, and the points below a cut-off interfsity = zx,4x/6) are removed.

2. The first and second order momenta of the filtered distabwtre computed.
3. The axis origin is shifted to the beam centroid estimatd@aint 2

4. The filtered distribution is cut &v of the tilted ellipse estimated from the second order moment
of Point 2 and the beam momenta are computed again

5. A first bi-Gaussian fit on the filtered distribution is perfeed using the momenta computed at
Point 4 as a first guess

6. The values obtained at Point 5 are used to select a tiligtieal window (of 50) and as the initial
guess to perform the fit on the raw data to get the actual beses ad position.

4.3 1D-profiles at the SEM wires (and at the SEM grids) in TT2

In TT2 line, the SEM wire3V6&257, MS&67, MSE277 are used to record the horizontal and the
vertical profile of ‘'small’ beams such as the MESPS or the LH@rh, while for ‘larger’ beams such
as AD, the 3 SEM griddB5&258, M5&268, MSG278 are employed instead. The characteristics of
these monitors are listed in Table 3.

monitor | # of channelg channel horiz. spacingchannel vert. spacing
MSG257 46 0.5mm 0.5 mm
MSG267 46 0.35 mm 0.5 mm
MSG277 46 0.5 mm 0.5 mm
MSG258 16 2.5 mm 2.5mm
MSG268 16 2.5 mm 2.5 mm
MSG278 16 2.5 mm 2.5 mm

Table 3: SEM grids and SEM wires in TT2

A 1D-Gaussian fit is applied to the profiles measured at thes@tors. For the case of the SEM
grids, since the size of the strips is not negligible withpexg to the beam size and therefore the signal
is an integral over a part of a Gaussian distribution, a ctioe factor [9] is applied to take into account
the systematic error due to the strip size- 2mm:

meas ~ eam d
7 o 1 (63)

o= —meas heam )1+
a Obeam 12abeam
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Figure 2: Momentum offset estimated from the referenceueegy variation vs. the one computed
within the application, for the cases with QKES8 on (leftdaoff (right). The standard error in the
determination of the coefficientis 0.05 in both cases.

5 Measurements with MESPS beam and effect of QKE58 suppression

Having described the tools implemented and used in the dalgsas, we now present the results of the
measurement campaign in November 06

5.1 Dispersion measurements

For the two configurations with QKE58 powered and off, thedrision at the beginning of TT2 line
has been computed using tRasserelle and the tools described in Sec. 2, for an MESPS single bunch
of nominal intensity { 10'!ppb), without bunch rotation. The beam momentum has been vabigd
changing the reference frequency sent from the SPS to thR8yer a span of 5 10~2 around its
nominal value and 5 energy steps have been taken into accbhatbeam transverse displacement in
both planes has ben recorded at the available monitors: @flers in TT2-TT10, about 100 BPMs in
the SPS, 3 SEM wires in TT2 and 5 OTRs in TT2-TT10. For each mtunestep, an average over 6
measurements has been taken.

The momentum offsgtAp/p),, has been computed from the first turn horizontal BPM signaisen
SPS and compared with the ofi&p/p),.r, estimated from the reference frequency variatbDRREV

signal) via:
A 1 A
(_p) _ JspFrREV ’ (64)
D Jyer TIPS Jsorrev
wherenpg is the PS slip factor at extractioddGeV):
1 1
nps = — — 55— ~ —0.025 (65)
IYtr, PS

The~,, ps is computed using MADX and it is slightly different betwedretcase with QKES8y, ps =
6.0764) and without QKE58 1, ps = 6.132). Figure 2 shows that there is a difference~of10%
between the measured momentum offset and the referenc& baegemaining discrepancy is due, on
one side, to the uncertainties in thg ps and in theSDFREV signal and, on the other side, in the
error bars in thé Ap/p),,. In the following analysis, the momentum offset measuretthiwithe Excel
application is used.

The dispersion at each monitor is obtained from a linear fihefbeam displacement as a function
of momentum offset. Pick-ups which give a non realistic algme taken out of the analysis. Finally, the
dispersion at the 3 SEM wires and atthe 5 OTRs in TT2-TT10 isded outside the Excel application
and the points are inserted in the fit algorithm to computelibeersion at the beginning of the line.
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a—method| G,—method statistical
error
Do 2.914 2.892 0.014
Dy, 0.351 0.347 0.002
B=1/a 1.135
Brre (Brr2/Bsps) 1.62 (1.88) 0.039
Bsem (Bsem/Bsps) 0.951 (1.10) |  0.029
Brrio (Brrio/Bsps) 1.159 (1.35) 0.012
Borr (Borr/Bsps) 0.917 (1.07) 0.030
Bsps (Bsps/Bsps) 0.859 (1.00) 0.013
Do SPS 2.689 2.710 0.034
D}, SPS 0.329 0.332 0.004
Bxsps = 1/axgps 0.973 0.869 0.013
Do, 0.066 0.062 0.002
Dj, —0.014 —0.015 0.001

Table 4: Dispersion results with QKE58 on, obtained by usitiger thea— or the 5,—method, with
the statistical errors associated to the-method. Either all the pick-ups in the line and SPS, either
only the BPMs in the SPS are used for the fiy(, SPS, D, SPS, $*sps). The vertical dispersion
(Do, , Dy ) is computed by using all the available pick-ups.

a—method| G,—method statistical
error
Do, 3.939 3.913 0.013
Dy, 0.349 0.380 0.002
B=1/a 1.344
Brr2 (Brr2/Bsps) 1.725 (1.96) 0.016
Bsem (Bsem/Bsps) 0.939 (1.07) 0.052
Brrio (Brrio/Bsps) 1.065 (1.21) 0.007
Borr (Borr/Bsps) 0.786 (0.90) 0.035
Bsps (Bsps/Bsps) 0.877 (1.00) 0.011
Do SPS 2.88 3.15 0.03
D}, SPS 0.258 0.316 0.004
Bxsps = 1/axgpg 1.127 0.771 0.011
Doy —0.072 0.084 0.002
Dy, 0.0074 —0.018 0.001

Table 5: Dispersion results with QKES58 off, obtained by gsaither then— or the5,—method. Either
all the pick-ups in the line and SPS, either only the BPMs inSR& are used for the fit.

To computeg Dy, Dj) at the beginning of TT2, the method using the differén(Sec.2.1.3) has been
used and has been compared with the original method [2] avils a fitting parameter, showing very
good agreement. Tables 4 and 5 present the results obtan€KES8 on and off, by applying the—
or the G,— methods. Only the statistical errors associated to theegatomputed with thg,—method
are reported, while the sensitivity of the pick-ups is n&etainto account.

The suppression of QKE58 in the PS induces an increase obtimohtal dispersion at the beginning
of TT2, from~ 2.9m to ~ 3.9m, while in the vertical plane the dispersion stays almosb aethe two
cases, as expected.

By applying thes,—method, the calibration factors for the different kind obmitors are also ob-
tained. With respect to the SPS pick-ups calibration caefii¢ there is a factor 90% of difference
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in the calibration of the first 10 couplers in TT2-TT18:{-) and a factor~ 30% for the 10 couplers
in the second chassis{r10). Tables 4 and 5 show also the results obtained by fitting onlthe point

in the SPS. With respect to the fitting on the pick-ups in whiole, the dispersion at the beginning of
TT2 looks smaller, and this is valid both using e or the—method. This discrepancy, together with
the larges,.s found for the TT2-TT10 pick-ups, has still to be understand a calibration campaign is
planned for 2007.

In the following, we will use the results obtained by using th—method and the fit over all the
TT2-TT10-SPS pick-ups.

Figures 3 and 5 show the horizontal dispersion at the pickinphe line and in the SP8? turn,
respectively for the cases with QKE58 on and off. One can séaaease of the maximum value of
the dispersion in the TT2-TT10 line from 4m to ~ 9m if the QKES58 is switched off, together with a
large mismatch in the machine. Figures 4 and 6 shows thedtiearhorizontal dispersion in the ring
and the measured points, respectively with the QKES58 on &nd o

The blow-up after filamentation J in presence of dispersi@nratch, as defined in [10]:

J=1+

AD%HADwm+AD%V(@Q2 (66)

2e 3y P

in the horizontal plane it is equal th; on = 1.07 for QKES8 on, and/y orr = 2.08 for QKESS off,
assuming a nominal LHC beam with normalized emittastce 3 x pum rad anddp/p = 1.12 x 1073,
AD (andAD’) are the difference between the measured and the theddigparsion (and derivative)
at a chosen point in the ring amy, a, are the corresponding Twiss parameters for the closed machi

The vertical dispersion in the line and in the SPSturn are plotted in Fig. 7 and 8. In the vertical
plane there are almost no changes for the cases with QKE5Bdaff since the values of dispersion
and its derivative at the beginning of the line stays almesbz The computed blow-up factors are
Jv.on = 1.002 andJy opr = 1.005 respectively.

5.2 Profile measurements and Twiss parameters computatiort éhe beginning of TT2

The 1D horizontal and vertical beam profiles have been recbatl the SEM wires in TT2\{B&57,
MBG&267, MS@277) and the 2D profiles at the BTVs, equipped with OTR screens,TiR-TT10
(F16. MIv201, BTV1018, BTV1024, BTV1025, BTV1026). Many problems have been en-
countered to obtain good images at the BTVs in TT10, which metebeen used for matching mea-
surement since 2002. The CCD intensifiers have been replaced dummer 2006, because they had
a non linear behavior (Fig. 9), but in 2006 the electronics wat yet part of the new control system,
creating problems in the control of filters and especiallyhaf acquisition timing. In 2007 the timing
problems will be solved since also TT10 monitors will be udzd in the new standard.

For the profile measurements, an MESPS beam with 4 bunchesrohal intensity has been used,
to increase the signal at the OTRs. The bunch rotation frorP8was switched off, in order to reduce
the momentum spread and therefore the dispersion contnibiat the beam size.

The horizontal and vertical beam sizes were computed atreadaitor by applying a Gaussian fit to
the beam profiles, as described in Sec. 4, and averaged eeealsmeasurements.

Tables 6 - 9 report the beam size measured at the screensspieesibn which results from the
measurements and fit presented in Sec. 5.1 and the informeathmut the scattering at the OTRs. The
contribution of the dispersive part and of the scatterirgghlof them adding quadratically to the beta-
tronic beam size3; (Eq. 52), are also evaluated. In the horizontal plane it ceasary to minimize as
much as possible the uncertainties on the determinatidmeofiomentum spread and of the dispersion
itself, in order to have sufficient precision in the deteration of theo 5 ;, since there are large values of
dispersion at the screens. In the vertical plane, dispeisialways small except &TV1018, where it
contributes quadratically up tbt% of the beam size.
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Figure 3: Measured and fitted horizontal dispersion in TTZd and in the SP$* turn. QKE58 was
on.
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Figure 5: Measured and fitted horizontal dispersion in TTZd and in the SP$* turn. QKE58 was
off.
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one. QKES58 was off.

19

\,uo 8GO ‘siulod painses|\y = SdS 8yl Ul uoisiadsip [eonaloay |



[w] s

Figure 7: Vertical dispersion in TT2-TT10 and in the SPSturn. QKE58 was on.

Vert. Dispersion [m]

1000 -

2000 -

3000 -

4000 -

5000 -

6000 -

7000 -

8000 -

9000

(Vo /

vy 1

20

\uo 8GIMD ‘swiiod painsesy = uoisiadsip pali4



Vert. Dispersion [m]

» BN D
0 |
| |
-

1000 -

2000 - R
Tl
@
o

3000 | Q
%)
yo
9]
@,
o
S

4000 -
| |

e =
3 D

2

5000 - o
o
yeo
O,
=
w

6000 - o)
X
M
o1
o
S,

7000 - L=

8000 -

9000

Figure 8: Vertical dispersion in TT2-TT10 and in the SPSturn. QKE58 was off.

21



Monitor | o;[mm] do;[mm| | Dim]  D?(dp/p)*/o? | screen; 0; E’ai(“)/af
MTV201 1.659 0.018 0.756 1.6% Ti-12  9.31E-06 0.0%
MSG257 | 0.786 0.010 2.038 52.6% - - 5.8%
MSG267 | 0.861 0.010 0.604 3.9% - - 2.4%
MSG277 | 1.346 0.010 | -1.334 7.7% - - 0.0%
BTV1018 | 1.437 0.016 | -2.447 22.7% M-25 4.57E-06 3.1%
BTV1024 | 1.767 0.098 2.148 11.6% M-25 4.57E-06 3.4%
BTV1025| 1.184 0.012 | -0.562 1.8% M-25 4.57E-06 9.4%
BTV1026 | 1.339 0.010 | -2.19124 21.0% M-25 4.57E-06 8.5%

Table 6: Horizontal beam size measured at the monitors (tveherror in its determination) and the
guadratic contribution to the beam size {i) coming from the dispersive part and from the Coulomb

scattering at the OTR screens, as defined in Eq. 52 (QKES58 on)

Monitor | o;[mm] do;[mm] | Dim]  D?(dp/p)*/o? | screen; 0; >0 /o2
MTV201 | 0.911 0.007 | -0.044 0.0% Ti-12  9.31E-06 0.0%
MSG257 | 1.117 0.010 | -0.745 3.5% - - 2.9%
MSG267 | 1.252 0.010 | -0.582 1.7% - - 1.2%
MSG277 | 1.468 0.010 | -0.087 0.0% - - 0.0%
BTVv1018 | 2.170 0.020 | -5.184 44.7% M-25 4.57E-06 1.4%
BTV1024 | 1.480 0.100 | -0.310 0.3% M-25 4.57E-06 4.9%
BTV1025| 1.690 0.018 | -0.361 0.4% M-25 4.57E-06 4.6%
BTV1026 | 1.800 0.024 | -0.27446 0.2% M-25 4.57E-06 4.7%

Table 7: Vertical beam size (with the error in its determma and contribution from the dispersion

and the scattering at the screens (QKES58 on)

Monitor | o;[mm] do;[mm| | D;m]  D?(dp/p)*/c? | screen; 0; 3 i(ll)/ai2
MTV201 | 2.037 0.015 | -2.155 8.8% Ti-12  9.31E-06 0.0%
MSG257 | 0.750 0.002 | 2.315 74.8% - - 8.0%
MSG267 | 0.996 0.003 | -0.905 6.5% - - 0.0%
MSG277 | 1.700 0.007 | -3.369 30.8% - - 1.2%
BTV1018 | 1.850 0.023 | -4.518 46.8% M-25  4.57E-06 0.7%
BTV1024 | 2.330 0.064 | 5.183 38.8% M-25  4.57E-06 0.3%
BTV1025 | 1.345 0.013 0.542 1.3% M-25 4.57E-06 7.5%
BTV1026 | 1.430 0.020 | -2.58874 25.7% M-25 4.57E-06 10.8%

Table 8: Horizontal beam size (with the error in its detemation) and contribution from the dispersion

and the scattering at the screens (QKES58 off)

Monitor | o;[mm] do;fmm| | D;m]  D?(dp/p)?/c? | screen; 0; 2,072'(11) /o?
MTV201 0.990 0.008 | -0.041 0.0% Ti-12  9.31E-06 0.0%
MSG257 | 1.048 0.005 | -0.660 3.1% - - 3.2%
MSG267 | 1.100 0.006 | -0.517 1.7% - - 1.5%
MSG277 | 1.591 0.010 | -0.080 0.0% - - 0.0%
BTV.1018 | 2.420 0.030 | -5.073 34.5% M-25 4.57E-06 1.1%
BTV.1024 | 1.300 0.040 | -0411 0.8% M-25 4.57E-06 6.3%
BTV.1025| 1.540 0.011 | -0.448 0.7% M-25  4.57E-06 5.5%
BTV.1026 | 1.946 0.020 | -0.28337 0.2% M-25 4.57E-06 4.0%

Table 9: Vertical beam size (with the error in its determima} and contribution from the dispersion

and the scattering at the screens (QKES58 off)
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Figure 9: BTV1025 images before (left) and after (right) teplacement of the CCD camera intensifier.
The beam characteristics and the size are similar.

QKES5S8 ON QKES8 OFF
HORIZONTAL | with scattering w/o scatteringwith scattering w/o scattering
Dy [m] 2.9 3.9
D{ [m] 0.348 0.380
GIm] 24.854 25.575 25.103 25.488
« -2.310 -2.458 -2.224 -2.336
e[mm mrad] 1.177 1.279 1.402 1.516
H 1.004 1.006 1.0065

Table 10: Horizontal Twiss parameters at the beginning &, THC beam, with QKE58 on and off.

QKES8 ON QKES8 OFF
VERTICAL | with scattering w/o scatteringwith scattering w/o scattering
Dy [m] 0.009 0.002
D{ [m] -0.0057 0.0005
GIm] 10.447 10.432 11.130 11.064
Q 1.168 1.175 0.883 0.896
¢ [mm mrad] 1.133 1.170 1.202 1.245
H 1.000 1.063 1.056

Table 11: Vertical Twiss parameters at the beginning of TFXC beam, with QKE58 on and off.

The Coulomb scattering at the OTRs is taken into account indhgpatation of the Twiss param-
eters, since the measurements have been done with all #menscinside the beam at the same time.
The blow-up induced by the scattering at the screens whietbafore the monitor considered is not
negligible and in the case &TV1025 andBTV1026, it increases the horizontaf by up to a factor
10%.

The computation of the Twiss parameters has been done bipgahe system of Eq. 23, replacing
the 05 in Eq. 20 by the Egs. 52 and 47, which take into account theesoag at the screens. In
Tables 10 and 11 the horizontal and vertical Twiss paramatersummarized, for the cases with QKE5S8
on and off. The parametét in the Tables, which corresponds to the mismatch factomthlp after
filamentation) in [10], is defined as:

2
ﬁon -+ (Oéon - aoff /30774 ) ﬁojf -+ ﬁojf
ﬁoff ﬁOff Bon Bon

H — (67)

1
2
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[~—s_i (QKE58 on) = s_fit (QKE58 on) +s_i (QKE58 off) s _fit (QKE58 off)  [——s_i (QKE58 on) —=-s_fit (QKE58 on) —s_i (QKE58 off) - s_fit (QKE58 off)
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Figure 10: Horizontal (left) and vertical (right) beam sifer the cases with QKES58 on and off. Both
the measured and the results from the fit are plotted

and in our case it is a measure of the variation of the phaseesgllipse computed at the beginning of
TT2 with respect to the reference case (i.e. QKES58 on).

For the two cases there is almost no change in the Twiss p&enalthough, in the measurements
with QKESS8 off, the computed emittance28% larger. In Fig. 10 are plotted the horizontal and vertical
beam sizes at the monitors, for the cases with QKE58 on andlbi# beam size is changing mainly
because of the dispersion.

Figures 11 and 12 show the variation in the anda—functions, emittance and mismatch factor at
the beginning of the line, when the initial dispersion ordesivative are different from the computed
value. Since there are some uncertainty in the dispersiasunements, it is necessary to evaluate
their effect on the Twiss parameters measurements. Asguatift error on the measured horizontal
dispersion (or on its derivative) at the beginning of the Jithere is up to @5% error on the computed
3, « or g, while the errors on the mismatch fact@ris only a few percent.

5.2.1 Comparison with the model

There are some discrepancies between the results and thed fhdl which is predicting a change in
the phase-space beam-ellipse by a faé¢for= 1.12 in the horizontal plane by switching the QKES8
off, for the fast-extracted beams. To get these value, thenljgarameters at the entry of the extraction
septumSIVHL6 are obtained by MAD-X computations with QKES8 on and off. Artsfer matrix to
the condition at the beginning of TT2 (QFOL05) is constructed from the measurements done with
QKES58 on. The matrix so found is then used to predict the ¢mmd at the beginning of the line with
the QKES8 off.

The model predictions are summarized in Table 12. The isereathe dispersion is in agreement
with the measurements, while the predicted large chandeeifviss parameters and in the mismatch
factor are not found. Concerning the vertical plane, whesadtbpersion is small, the model predicts no
appreciable mismatch, which is also found in the measuresnen

MODEL | Horizontal | Vertical
Dy [m] 4.67 0.009
Dy 0.43 -0.006
GIm] 41.03 9.75
a -4.050 0.876
H 1.12 1.04

Table 12: Twiss parameters model predictions for QKES58 off
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5.3 Measurements with AD beam

The effect of the QKES8 suppression has been also investigar the AD beam, whose nominal
parameters are listed in Table 13.

beam AD
Energy 26GeV
Intensity | 1500 10p
# bunches 4

€l 2.83eVs
Ex 10pm rad
£y spum rad
dp/p 51074

Table 13: Nominal parameters of the AD beam used for the mmeamnts of 11th November'06

Beam profiles have been taken with the SEM grids in TNE&®58, MSG&268, MSG278). These
monitors where used as well to record the beam transvergepass a function of the beam momentum,
varied from the PS, in order to extract the values of the d&pe at the grids. Tables 14 and 15 show
the beam sizes and the computed dispersion at the monitoescdntribution, irf%, from the dispersive
part to the total beam size is also reported.

In Tables 16 and 17 the measured Twiss parameters at thenbegyiof TT2 and the computed
mismatch factor (Eq.5.2) between the two configurationdisted. We were expecting a similar result
to the MESPS beam, since the optics for the two beams and ttaegan conditions should be similar.
For the AD beam, instead, the measurements in the horizptgake show no large increase in the
dispersion but a considerable change in the Twiss parasyéeading toH = 1.59. The results for the
Twiss parameters and emittance calculation go in the darectf what the model (Sec. 5.2.1 predicts
for a fast-extracted proton beam at 26 GeV, but the smalkdsspn found in the case without QKES58 is
unexpected. The measurements have been done with a nonragé#m, whose horizontal emittance
is 10 times larger then the MESPS beam. By varying the beam miomeenergy for the dispersion
measurements it is possible that some scraping has ocaitrtkd extraction septum, thus altering the
measurements. New measurements are planned in 2007, withiaténsity and low emittance beam.

HORIZ. QKE58 ON QKES58 OFF

o;[mm] do;[mm] D,;[m] o%/0? | o;[mm] do; [mm] D;[m] o%/0?
MSG258 | 1.891 0.016 1.112 8.6% 1.791 0.041 1.032 8.3%
MSG268 | 3.117 0.038 1.125 3.3% 2.772 0.039 -0.401 0.5%
MSG278| 3.180 0.075 0.211 0.1% 4.411 0.097 -1.504 2.9%

Table 14: Measured horizontal beam size (with the errorardétermination) and dispersion at the
SEMgrids, for the AD beam, with QKES58 on and off.

VERT. QKES8 ON QKES8 OFF

o; [mm] do; [mm] D;[m] o%/0c? | o; [mm] do; [mm] D;[m] o%/0?
MSG258 | 2.066 0.020 0.424 0.3% 1.945 0.021 0.472  0.5%
MSG268| 2.861 0.015 0.369 0.1% 2.796 0.036 0.401 0.2%
MSG278| 3.235 0.032 0.103 0.0% 3.752 0.046 0.099 0.0%

Table 15: Measured vertical beam size (with the error inét®dnination) and dispersion at the SEM-
grids, for the AD beam, with QKE58 on and off.
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HORIZONTAI | QKE58 ON | QKES8 OFF
Dq [m] 2.20 2.31

Dy, 0.236 0.181

G [m] 28.67 39.64

a -3.118 -3.088

ex [pm rad] 11.92 10.15

H 1.59

Table 16: Horizontal Twiss parameters and mismatch fadtthreabeginning of TT2, for the AD beam.

VERTICAL | QKE58 ON | QKE58 OFF
Dy [m] -0.097 -0.096
Dy 0.088 0.092

G [m] 8.47 10.35

a 0.937 0.826

ex [pm rad] 5.24 5.72

H 1.06

Table 17: Vertical Twiss parameters and mismatch factdrebeginning of TT2, for the AD beam.

6 Conclusions and plans for 2007

Measurements in TT2-TT10 line were performed in Novembd62@ith the MESPS beam (LHC
proton beam a6 GeV, with “low” longitudinal emittance) to investigate thedfects of the QKES8
suppression in terms of changes in the Twiss parameters.

The dispersion measurements, in accordance with modeicpoed show a variation of the hori-
zontal dispersion at the beginning of the line fr@rfim to 3.9m, when the QKES58 is switched off, and
an increase of its maximum value in the line.

The existing Excel application has been improved, to trepasately different kind of monitors and
to assign them a different calibration coefficight A difference of up t®0% has been found between
the G, in TT2 couplers and in the SPS BPM. In 2007 is planned a caildra@ampaign of the pick-ups
in the line and in SPS, with MESPS beam, to verify these result

Concerning the beam profiles measurements, the settingelgteprs due to the BTVs electronics
will be hopefully solved in the next measurements in 200i¢cesithey will now be part of the new
control system standard.

Contrary to the model, which predicts 80% increase of thes, when the QKES8 is off, leading
to a mismatch factor between the two configurationg/of= 1.18, the measurements show almost no
change in the phase-space beam ellipse, when QKES58 is reimove

Especially in the horizontal plane, where the dispersiothatbeam-profile monitors is large, the
Twiss parameters and emittance values depend on the agdaordetermining the beam momentum
spread, the dispersion and its derivative at the beginritiiedine, therefore it is necessary to minimize
the uncertainties on these values. Nevertheless, evea iss parameters and emittance values are
very sensitive to the dispersion, the beam ellipse it is ndtthe factord show almost no change for a
variation of the initial dispersion conditions.

New tools have been developed to analyze the 2D beam prdfilee @ TR monitors. A new fitting
routine is implemented to compute the Twiss parameters anitiagce at the beginning of the line, by
using the informations from all available monitors (SEMdgriand BTVs). The Coulomb scattering
at the OTR monitors is included in the computations, sinceftie MESPS beam measurements per-
formed with all the 5 screens inside the beam, it accounts flacctor8% difference in the emittance
determination.
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Measurements with AD beam were also performed, showingyasreall variation in the horizontal
dispersion and a change in the beam phase-space ellipseabpaHd = 1.59 in the horizontal plane.

In 2007 a new measurement campaign is foreseen with both &xtiype and the AD beam. In
additions, it is required a calibration of the pick-ups of tine and the SPS, and, in order to better
constrain the fit for the Twiss parameters, wire-scannelg@me measurements will also be taken in
the PS and SPS.

The re-matching of the TT2-TT10 line for the new extracti@mditions without QKES58 will then
be finalized, by taking as a starting point the results of oeasurements.
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