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Introduction : elastic scattering measurements

9 Purpose
- Measure absolute luminosity with 2-3 % precision and total elastic cross section

0 Beam line example (ALFA - IP1)

T 0ifBL ‘
01 02 Q;s} D1 20 ] oel (™ | |7,
R B HE b= i
ATLAS 1L LI [J1JERESS 1 N g 8 man

Roman Pots

240 m

Example for ultimate goal : 7 TeV per beam and B* = 2625 m

Generated spectrum Scattering picture at the roman pot
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Optics parameters for the 90 m [3* optics at IP1

IP1 XRP.A7R1.B1 XRP.B7R1.B1 XRP.A7L1.B2 XRP.B7L1.B2
B*x (b1) 86.39 Bx (b1) 133.92 Bx (b1) 119.24 Bx (b2) 144.39 Bx (b2) 128.72
By (b1) 90.16 By (b1) 856.21 By (b1) 779.37 By (b2) 860.64 By (b2) 783.39
B*x (b2) 92.63 ux (b1) 0.515 ux (b1) 0.521 ux (b2) 0.514 ux (b2) 0.519
BYy (b2) 89.69 by (b1) 0.252 by (b1) 0.253 by (b2) 0.249 by (b2) 0.251

eN (um rad) 2 Leffy (bl) 277.804 Leffy (b1) 265.023 Leffy (b2) 277.836 Leffy (b2) 265.073
ex,y (m rad) 5.36E-10 Leffx (b1) -10.293 Leffx (b1) -13.018 Leffx (b2) -10.292 Leffx (b2) -13.016
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Lever arm Leff . description

2  Lever arm definition
- Matrix beam formalism

E ,8%* (cosy +a,siny) /,Brp,B_* sin W
D *
ﬁ //—ﬁmﬁ* [(a, —a’)cosy +(1+ arpa*)sinl,l/ '%rp (cosy —a,, sing)

u=+B/B (cosy +a sing)u +. BB siny.6,

0= with Ly, =B siny
eff ,u

0 Leff is dependant on the optics parameters
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Uncertainties — gradient k

2 Gradient field errors k

- Extraction from TIMBER via Java
interface provided by G. Mueller, M.
Strzelczyk and F. Janos Nemes

- Comparison with MadX nominal values

For quadrupoles from Q1 to Q6
(located before the Roman Pots)

For beaml1 and beam?2
Maximum Ak/k value : ~0.7E-4

- From Fill 2232, 20/10/11 from 8h57 to
20h

- New k inputs in MadX for comparison

- Impact on Leff ?
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Name Ak/k
kgx.I1 -0.11E-4
ktgx.l1 -0.66E-4
ktgx2.l1 -0.1E-4
kgx.rl -0.12E-4
ktgx1.rl -0.67E-4
ktgx2.rl1 -0.12E-4
kg4.rlbl -0.11E-4
kg5.rlbl -0.11E-4
kg6.rlbl -0.11E-4
kg4.11b2 -0.15E-4
kg5.11b2 -0.11E-4
kg6.11b2 -0.11E-4




9 TIMBER vs MADX

Uncertainties — gradient k

Difference with optics parameters (example for beaml at IP1 and at
XRPV.A7R1.B1 Roman Pot)

IP1 (bl) Avalue/value | A7R1 Avalue/value
BETX 0,008 BETX 0,006
BETY 0,002 BETY -0,012
MUX 0,000| MUX 0,000
MUY 0,000| MUY -0,036
DX 5,384| DX 3,813 MADX TIMBER | Aleff/Leff
XRPV.A7R1.B1
-10.294 -10,293 -0.9E4
277.804 277,809 -0.2E-4
XRPV.B7R1.B1
- Impact on Leff is negligible : -13.018 13,017 | -0.7E-4
265.02 265,027 -0.2E-4
XRPV.A7L1.B1
~ ALeff/Leff from 0.2E-4 9E-4
eff/Le om 0 t0 0.9 -10.292 -10,291 -0.9E-4
277.836 277,841 -0.2E-4
XRPV.B7L1.B1
-13.016 -13,015 | -0.7E-4
265.03 265,07798 | 0.2E-4
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Uncertainties — gradient k

0 Madx simulation with varying k strengths - Leff results :

Roman Pots | Aleffx/Leffx | Aleffy/Leffy
all elements | xrpv.a7rl.bl -0.9E-4 / 0.2E-4
with + xrpv.b7rl.bl -7.4E-4 0.2E4
Ak xrpv.a7ll.b2 -0.9E-4 0.2E-4
xrpv.b711.b2 -0.7E-4 0.2E-4
all elements | xrpv.a7rl.bl 0.9E-4 -0.2E-4
with - xrpv.b7rl.bl 0.7E-4 | -0.2E-4
Ak xrpv.a7l1.b2 0.9e-4 -0.2E-4
xrpv.b711.b2 0.7E-4 | -0.2E-4
Triplets : +Ak | xrpv.a7rl.bl 0.6E-4 | -0.2E-4
quads -Ak | xrpv.b7rl.bl 0.4E-4 | -0.2E-4
xrpv.a7ll.b2 0.6E-4 | -0.2E-4
xrpv.b711.b2 0.4E4 -0.2E-4
triplets -AK | Xrpv.a/rL.ol | -0./E-4 0.2E4 |/
quads +Ak | xrpv.b7rl.bl | -0.4E-4 0.2E-4 |
xrpv.a7ll.b2 -0.6E-4 . 0.2E4 |
xrpv.b711.b2 -0.4E-4 \ 0.2E-4 /
N4

- Maximum ALeffy/Leffy variation : ~0.2E-4
- Effect on Leff with quadrupoles after the Roman Pots ?
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Uncertainties — gradient k

O  Gradient field errors k

- Extraction from TIMBER for quadrupoles after the Roman Pots : Q11 — Q12

and Q13
Q _ _ Name Ak/K
- Comparison with MadX values KQULL.rIbl 0.06
Larger k variation seen kqt12.ribl -0,02
- From fill 2232, 20/10/11 from 8h57 to 20h Eg:llﬁrlllzlz o
kqt12.11b2 -0,01
kqt13.11b2 -0,01
Roman Pots | Aleffx/Leffx | Aleffy/Leffy
all quadrupoles | xrpv.a7rl.bl | 0.03E-4 0.02E-4 Largest impact on
with + Ak xrpv.b7rl.bl 0.02E-4 0.02E-4 ALeffy/Leffy is ~ 0.2E-4
all quadrupoles | xrpv.a7rl.bl -0.7E-4 0.2E-4
With - Ak xrpv.b7rl.bl -0.5E-4 0.2E-4
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Uncertainties — Quadrupoles misalignments

0 Quadrupoles misalignments : Impact on Leff

01/03/12

Idea : misalignment should not affect our measurements : the orbit being corrected, misalignments
are corrected

BPMs values logged. Hard to use, temperature drift, intensity dependant

Using RMS deviation on the orbit
- From elogbook, fill 2232, for beam?2 at collisions we had
- horizontal orbit rms = 0.053 mm
- vertical orbit rms = 0.061 mm
- Horizontal orbit mean = -0.018 mm
- Vertical orbit mean =-0.011 mm

"T' YASP DV LHCRING / PHYSICS-90M-2011_V1@180_[END] / beam 2 ==
Boviews | |5 (o] === (S5 | More | eS|
| CO - P 3500.040 Gev/c - FIll # 3232 ADIUST - 20,00/ 00 000 2 10 i il 5% 67 |
2
Mean = -0.018 / RMS = 0.053 / RMS—dp = 0.052 / Dp = -0.0166
E
= W J[—\_ i Bl = - [ . t [
2 LR ] g ) e r
=
o
. AT1LAS] ALIC M_CLEAN] RF_B2 cms] DUMF_B2] B_CLEAN] IN) B2
T T T T T
0 100 200 200 400 500
Moniter H
LCO - P 3500.040 Gevye - FIll# 3232 ADIUST - 200 101 I8 ek DO i 0 55 &5 |
2
Mean = -0.011 / RMS = 0.061 / Dp = -0.0165
= 14
£
= " e iR - { I i |
g ™ BT LT Jiz
= ad
5 [aTLAS] [aucH M_CLEAN] RF-B2] CMs] DUMP-E2] B-CLEAN] ing-B2]
T T T T T
s 100 zo0 200 400 500
Monitor V

S. Cavalier - Lumidays - CERN 10



Uncertainties — Quadrupoles misalignments

0 Higher values than rms closed orbit taken for misalignements - 1 mm

0 Misalignments applied
- On quadrupoles from Q1 to Q6
- On quadrupoles from Q1 to Q13

0 Results on optics parameters and Leffy :

B * B W (2m) Leff
mis‘gﬁ;‘%‘gnts 90.16 856.21 0.252 277.804266
Q1lto Q6 89.99 857.87 0.253 277.804265
Avalue/value 0.2 % 0.2 % 0.2% <1047n@97'b'e >
Q1 to Q13 89.79 859.65 0.252 277.8042614
Avalue/value 0.4% 0.4% 0.2% | <10"negligible |~

- Optics parameters modifications
- But — No Impact on Leffy even for 1 mm (not possible)
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Uncertainties — beam-beam effect

0 Beam — beam effect
- Beam-beam effect is quantified by the tune shift induced by a linear kick

_B. A&
47T X

AQ =

- For round beams, the linear beam-beam parameter equal to the tune shift

Nr

4neN

0 * N = bunch population
« r_=classical proton radius

&=

- At the design emittance of 2 ym.rad, the values are :

N 3
4x10° | -0,00246

T 7x10m - 0,00432 >
1.5 x 10" - 0.00926
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Uncertainties — beam-beam effect

0 Beam — Beam effect on Leffy

- Inserting as a first approximation an equivalent quadrupole corresponding to
the tune shift in the MadX simulation

- With bunch population N equals to 7E10

Roman Pots | Aleffx/Leffx (%) | Aleffy/Leffy (%)
xrpv.arrl.bl -0.1198 0.3015
xrpv.arrl.bl -0.1664 0.3016
Xrpv.arll.b2 -0.1198 0.3015
xrpv.b7l1.b2 -0.1664 0.3016

- 0.3 % for Leffy — Dominant effect
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Systematic uncertainties on Leffy

J  Summary

Aleffy/Leffy
k values compared with TIMBER
from Q1 to Q6 0.2E-4
from Q11 to Q13 0.6E-4
misalignments negligible
Beam-beam effect 0.3 %

0 Leffy seems to be a robust quantity
0 More investigations needed to see if other effects can impact on Leffy

0 Optics measurements have also been done (see R. Tomas and G.
Vanbavinckhove)
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Transport calculation parameters

QO The simulation in three steps :
- Generation
- 100 000 elastic events
- Using optics values found during last MD (Fill 2232)

- Tracking of elastic protons (MadX)

- Acceptance calculation

- The acceptance is the ratio between protons intercepted in the
detectors and the number of generated events
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Systematic uncertainties on Leffy

Q@ Crossing angles
- Crossing angles should be in the order of pyrad
- Impact of a unexpected crossing angle with 1 or 10 prad

1 prad crossing angle iny | 10 prad crossing angle in y
Roman Pots Ax (um) Ay (mm) AX (um) Ay (mm)
xrpv.a7rl.bl 0.25 0.27 2.4 2.7
xrpv.b7rl.bl 4.6 0.26 3.5 2.6
xrpv.a7ll.b2 -6.4 -0.27 -5.9 2.7
xrpv.b711.b2 -7.6 -0.26 -6.9 -2.6

- Looking at the positions in the detectors after tracking

Positions at XRP.A7R1.B1 Positions at XRP.A7R1.B1 Positions at XRP.A7R1.B1
with no crossing angle at IP1 with 1 prad crossing angle at IP1 with 10prad crossing angle at IP1
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Acceptance

Systematic uncertainties on Leffy

0 Impact of Emittances :
- Summary on emittance measurements and errors during Fill 2232 ( F. Roncarolo ) for fat
bunches of 7.10"
XN € Error_x Error_y
Beam 1 2.302 1.748 0.22 0.064
Beam 2 2.362 1.999 0.236 0.022
- generation of elastic scattering with these new emittances
- Adding +/- 0.2 um.rad error in emittances values

_ Optical and detector acceptan_ci — — AcC eptan ce results
0.8 :_ “ —l—  acceptance with measured emittances

- ..o"'. Aacc/acc (total) |Aacc/acc (80)
0.7—

- o o Beam 1 -0,002% -0,20%
e & o Beam 2 -0,001% 0,20%
05E R %

- L °
04E ® % ) .
oaf %, + Increasing the emittance of ~ 0,2
HE o um.rad leads to a impact on the

S + + acceptance in the detectors of 0,2 %

0.1
%:5 I. I .|2 -1|.5 |1 I -O|.5 — 0
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Preliminary conclusion

0 Acceptance and alignment corrections determined with full simulation (~ 1 %)
O No major known optics related uncertainties
- Large unknown effects would have been seen in beta-measurements
QO Largest effect is 0.3 % from beam — beam (optics uncertainties < 1 %)
0 Leffy is a very robust quantity
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