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Introduction

Electromagnetic moments of baryons

Spin precession in a bent crystal

Optimal crystal orientation for EDM measurement [1,2]

Spin precession in a bent crystal
Initial polarisation of baryons [1,2]

quantitive analysis

MDM of Z+ ( experiment E761, Fermilab 1990) [3]

Mirroring the setup

_ , [1] A.S. Fomin et al. Eur. Phys. J. C (2020) 80:358
Cancelation of apparatus biases

2] A.S. Fomin, JHEP 08 (2017) 120

Performance assessment of layouts in IR3 and IR8 [4,5,1] 3] D. Chen. PhD thesis. SUNY. Albany. 1992.

Double crystal layouts at LHC [4,5] [4] D. Mirarchi et al. Eur. Phys. J. C 80 (2020) 10, 929

Precision of measurement |
! [5] CERN Yellow Reports: Monographs, 4/2020

Possible improvements [1,4]
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Electromagnetic moments of baryons

Magnetic Dipole Moment:
Particle CT g-factor Comments
v
., g8e€e— — h_, P | +5.585694702(17) |exp.
u=——S, S=—o
2m 2 N ~oo| —3.826 085 45 (90) exp.
+ 6.233 (25) exp. world-average value
2+ 2.4 cm
gl=2 — apoint-like Dirac particle + 6.1 (12)stat (10)syst exp. using Bent Crystals (at Fermilab 1990)
g| = 2 — aradiative corrections +1.90 (15) theor. assuming gc= 2
_ Nct 60 pm
gl = 2 — acomposite structure or NP not measured exp. Feasibility studies at LHC
Electric Dipole Moment:
Particle o6, ecm 10-25
Tu — f € — — h N | l
§==—S, S=—0
é/v 2 m 2 P < 2.1
e P 1
ﬂ_ d¢ n <0.18
\;/' dT A nonzero value is forbidden by both:
| _ _ _ _ 2+ not measured
T + ) T invariance and P invariance.
¢ At not measured
U
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Spin precession in a bent crystal

= V.G. Baryshevsky, Sov. Tech. Phys. Lett. 5 (1979) 73. = V.L. Lyuboshits, Sov. J. Nucl. Phys. 31 (1980) 509 [inSPIRE].
g—2 L
O,= 24 é) =U+ya)0 a = S ®=E
v, &, a — Lorentz factor, g-factor, anomalous MDM of A,

®, L, R — deflecting angle, length, curvature radius of the crystal

AT — Meson + Baryon

Initial Polarisation: § |
S , =—<1+ Gy COSHZ>

E=EC 1,0, 0 ) | [t PBaryon dcos®, 2

- 3

B | | b=ac®, Ab= \/:
Final polarisation 6 : : N
?f = £(cos (”)ﬂ , 0, sin @ﬂ) s o) 3

0'3:—1 05 0 05 1 :1"!6.5"'6”'615”'% — 05 0 05 1 Ag = o <§ },> ® \/%

Cos(6,) Cos(6,) Cos(8,)
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Optimal crystal orientation for MDM and EDM measurements

* V.G. Baryshevsky,

\z 0,=2(&EE) =1 +y0)©
Sov. Tech. Phys. Lett. 5 (1979) 73.
E A 2 \/7
® V.L. Lyuboshits g = —
| o ® VN
Sov. J. Nucl. Phys. 31 (1980) 509 7 < (e 7)
MDM .

[inSPIRE].

* F. J. Botella et al.,
EPJ C77 ( 2017) 181 [inSPIRE]

A _

2 ya

A8 @ (1+ya)

* \.G. Baryshevsky,

EPJ C79 (2019) 350 [inSPIRE] 2

*» A.S.Fomin et al.,
EPJ C80 (2020) 358 [inSPIRE]
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http://inspirehep.net/record/1730921
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Optimal crystal orientation for EDM measurement: initial polarisation.

> A. Fomin et al. Eur. Phys. J. C (2020) 80:358 [1909.04654] Production of A.* in a fixed target p +p — AF +X
Due to the space-inversion symmetry of the strong interaction Optimal for MDM measurement | Vs
Yerys ~ 0 -| -
At polarisation is perpendicular to the reaction plane (Pery ) b Sl oy ﬁ Dy
- 0 z
‘SAC (ﬂfm "93/) } oo \ p
<+ - UV
=
&~ * - %
/L R\
_a Optimal for EDM measurement A O
# ﬁ ﬁ lgy (Ferys ~ 0.4-0.9 mrad ) ﬂ | AN “ ;
¥ » )
‘ » f t 1 N A i -
\ / \ \ \\ > |» . A / / i ﬂCTyS
/ Y e, |
N Rl R 4 y N \‘;\(ﬁ-ﬁz,%r/'/ ;
™ — = crystal acceptance | | 0~ T =’T=='
& 0 0 ® © 0 0 6
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Optimal crystal orientation for EDM measurement: quantitive analysis

Optimal for MDM measurement Optimal for EDM measurement Simultaneous measurement
Uy | V| V|
,4=1= ’4=<= ’<=‘:
R e T A e
7 T g B v 4 B 1 4 —
(\l \—'2 ‘;,‘4 (\?\# ,I") k & K Yals bt ﬁ k l K ol ” bt ” A - >
7\ 1 . \ 7 Ao\ Y oot Ao-gooon 8 = ~
\ “ _ |, 7 / / \ \ . _ |, 7 / / ﬁcrys i \ \\\7\(\ ol /:(: /? f:, a(fx;/)@ N
Vol PESal BN / S~ s S—
\ Sa — |—» = / \ (\ —p | —p /) / Y A | = /
. ) o . ) e I 7 ) als,7)0 VN
(®@ ®© © 60 O 6 © &) © O & |l ® ® @ ©® O ®@ & © &
Quantitive analysis Initial polarisation of deflected A¢c* Measurement efficiency
oN/opt, c/ GeV : s .
f § Naefl after 10 hfill at IR8 § Nyert (€2, V?)w? after 10h fill at IR8
+0.75 60 G
£ 0.75 Gopt = 0.9 mrad
+0.5 °Pt
40+
I 0.25 [ 0>
0 +0.25 207
T -0.25
i i i ' 0 0 - : i : i :
0 1 2 3 pt, GeV/c 0 1 2 GCI’yS) mrad 0 1 2 (9cry5, mrad
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MDM of 2+ experiment E761, Fermilab 1990: Mirroring the setup

* D. Chen, The Measurement of the Magnetic Moment of 2+ Using Channeling in Bent Crystals, PhD thesis, SUNY, Albany, 1992.

The main purpose of the experiment was to measure the branching ratio and asymmetry parameter of the 2+ radiative decay

A new technique for measuring the magnetic moment of short-lived positively charged particles using channeling in bent crystals was tested.

force

roree After some initial testing, we found that only the five center crystals,
crystals #2,5 — aligned with the beam from #2 to #6, were inside the 2* beam phase space in they direction.
crystals #3,4,6 — not aligned Then, during the run, we were only able to align two of the five crystals,
#2 and #5 with the beam.
crystals #1,7 — notin the beam
Proton from
decayed 3 * Channeled particles
force force
Figure 4.6: Crystal bending device Sth crystal
EEEE—— . = - =
B ;;: —— ~~ 8cm
¢ 2nd crystal
DEF VETO
Anti Crystals
Proton from Channeled particles

decayed J°
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MDM of 2+ experiment E761, Fermilab 1990: Cancelation of apparatus biases within one crystal

. . . _|_ —
Beam Target  Collimator Spectrometer  Crystal Spectrometer Cancelation of apparatus biases: Nj+ — NJ’_ — att cosd;
N' 4+ N; I
xh | ® n p . dNj Aj (9, ...) N
_____ N = — 1 — . :
— §<<“7\_\ J NS;- d cos V; 2 ( agj cos 197)
T° \*\\:y\ 1
- more details: D. Chen, PhD thesis, SUNY, Albany, 1992.
z
| Uy Collimator
yl R
%\& @Eﬂ'g @1_::1rg
) o =~ p ¥ <+ - /
720 I e
5T Ll SR
Y 1~ Y -
J ! K |« t |} ” A
7
A
yl o v v N / ® Crystal
ar
: ==L Y'po v | N = — 7 s
p X+ N v ™~ |
N N 1
Z ™
0.15m 7.30m 7.65m 0.05m 30.70m
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MDM and EDM of charmed baryons: Fixed target at the LHC

e L. Burmistrov et al., CERN-SPSC-2016-030, CERN, Geneva Switzerland, June 2016 [SPSC-EOI-012].

e A. Stocchi, W. Scandale, talks at Physics Beyond Collider Workshop, CERN, Geneva Switzerland, 6—7 September 2016.

Collimator Absorber

In the Detector the final polarisation
of Ac Is reconstructed from

the distribution of decay products

Halo

LHC Beam1 The second Crystal deflects Ac
with specific initial polarisation.

/\C spin precession
In the Target protons are in the electric field of crystal planes

converted to polarised Ac is proportional to MDM (or EDM)

The first Crystal deflects protons from

the LHC beam halo onto the Target
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Introduction:

double crystal layouts at LHC

D. Mirarchi et al. Eur. Phys. J. C 80 (2020) 10, 929

TCLA

—- Sof e
Tertiar
fecﬁ:dar)? Y

Crystal 2

»

Crystal 1 Absorbers

Cry2 + target

50 N -

TCSGs TCLA

g 4051 jL ol halo
= I ‘ ------------------------------------- S
zzé J\ | L Circulating
10E- /\ beam
Oi— >—-</
-102— ] —-II—L
20F
- I
i Mﬁ ( |
S0 s ame 0 200 S'[m']
* impact on the machine
_so——JH — Il_iiﬁﬂarget HiﬁiGSTCLA obtimisation of Crvstal 1 and Absorbers positions — [ RO 44—
5405— / p y p = 1;_ """""""""""""""""""""""""" — Collimator | —;
o - IE — Warm -
"3 U Ub/ \ . I [ * running experiment in a parasitic mode S I —Cod [T E
= ) = e =
10F- - E
——— * layout in front of LHCb (IR8) 4.3x10'° POT/fill L E
-10= L E
3 w [ * alternative layout at IR3 3.0x10' POT/fill ¥ Wil e [ 3
- Sy N o ani | TN
S0 TG0 T T 600 6550 6600 6650 'S [;n] * restriction on Crystal 2 bending radius 1093000 23500 24000 24500 25000 25500 26000 265(8)0[m]
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https://inspirehep.net/literature/1740674

Performance assessment of layouts in IR3 and IR8: precision of measurement

> A. Fomin et al. Eur. Phys. J. C (2020) 80:358 [1909.04654]

Layout IR3 LHCb
Target proton rate, 10'° per 10h fill 3* 4.3*
length, mm S 5
length, mm 70* 5%
Crystal | bending radius, m 14" 5.4**
deflection angle, mrad 5 14
Average Lorentz factor 1140 600
Weighted average polarisation | 0.22(5) | 0.26(5)
AV deflected per 10h fill 180 12
relative precision of MDM 1 2.7
relative data taking time 1 7.5

* D. Mirarchi et al. Eur. Phys. J. C 80 (2020) 10, 929

** E. Bagliet al., EPJd C77 (2017) no.12, 828

A. Fomin

Ag =

Thorough evaluation of initial polarisation of channeled A.*
* Spectra-angular distribution of A" (Pythia 8.243)

* Channeling probability as a function of A." energy,
bending radius and length of the crystal

* Initial polarisation of A" as a function of transverse momentum

The error of g-factor Ag is calculated considering:

» Detector at IR3 would have the same resolution as LHCb
for higher energies, and angular acceptance = 5 mrad

2 [P
alE)® VN

- Systematical error from poor knowledge of a and &
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Performance assessment of layouts in IR3 and IR8: possible improvements

» A. Fomin et al. EPJ C80 (2020) 358 Ag o Lyear l0years 1IR3 Ag

0.6 1 0.6 1
» Thicker target 5 mm — 40 mm:
Y 0.5 0.5
lonisation energy losses and
multiple scattering can be neglected, 0.4
showers production - to be checked 034

* Proton rate, 3-4.3x10'Y per 10h fill
D. Mirarchi et al. EPJ C80 (2020) 10, 929

0.2

§ 0.1

10 20 50 102 103 10 20 50 102 103 Niy
Possible improvements:
1 —2 t1/12
* 10 year at LHCb, ~7x10"*POT, 5mm, Si = Ag~ 0.35
Target 5 mm — 40 mm 6
Crystal silicon — germanium 2.4 1 yearat IR3, ~0.5x10"°POT, 40mm, Ge — Ag ~ 0.12
Detector LHCDb (IR8) — dedicated at IR3 7.5
 big uncertainty (x10) due to a parameter
Beam exitation currently under studies
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Conclusions

ON/opy, c/ GeV

Initial polarisation in double crystal setup

* new corrected value of initial polarisation of channeled A:*: 0.22(5) and 0.26(5) for IR3 and LHCb

Performance assessment of layouts in IR3 and IR8

« dg=0.35 (LHCb) and dg=0.14 (IR3) after 10 years

Proton from
decayed 3 '

Channeled particles

. 5mm — 40 mm ~ 6 time reduction

Sth crystal

. silicon = germanium ~ 2.4 time reduction E
Beam

« LHCDb (IR8) — dedicated at IR3  ~ 7.5 time reduction

8 cm
2nd crystal I
DEF VETO

Anti Crystals

Proton from
decayed '

Channeled particles

MDM of 2+ (experiment E761, Fermilab 1990)

* Mirroring the setup — doubling the statistics

Optimal for EDM measurement P
(Ferys ~ 0.4-0.9 mrad )

Optimal crystal orientation for EDM measurement

- slight tilt around bending axis ~ 0.9 mrad (for LHCD)

» data taking time reduced by ~170
- 10 years at IR8, 40mm, Ge, Ad ~ 2.6 10-16 e cm

A. Fomin Measuring the EMDM of Ac. Performance assessment of layouts in IR3 and IR8 of the LHC 14



Outlook

Polarisation of Ac (from SMOG data)
- initial polarisation as a function of transverse momentum

 reconstruction of final polarisation Deflected halo by Crystal 1

Crystals in circulating machines Crystal 2 shadow

+ channelling of secondary halo in the LHC

- Second channelling by Crystal 2

+ double channelling scheme proved at SPS (2018) |

Long crystal channeling efficiency
UA9 at H8 180GeV

« SELDOM at H8 180GeV Si(111), 8cm, 5m; Ge(110) 5.5cm, 3.7m E 6&"0
+ simulations vs experiment S 3 <+— the first pixel
- extrapolation to TeV energies + A e inner foil radius
' AN
Considerations for the layouts in LHC 2__ N Channeled halo
Mirroring the setup — doubling the statistics 0 BZG=B1
Channeled halo and new VELO aperture .
Dynamic changes during levelling at IR8 1 0 1

Increasing the statistics of the LHC fixed-target experiments through bunch excitation
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Performance assessment of layouts in IP3 and IP8

thank you
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Performance assessment of layouts in IP3 and IP8

BackUp
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Introduction: initial polarisation in double crystal setup

> A. Fomin et al. Eur. Phys. J. C (2020) 80:358 [1909.04654]

Production of A" inafixedtarget p+p - AT+ X

Due to the space-inversion symmetry of the strong interaction

A" polarisation is perpendicular to the reaction plane

/

gAc(ﬂwv "93/) ‘19:,; “ p
/<='v§\ ﬁAj
//Iéﬂa\ \
/ N
I b 4|0,
{ ¥ f 1

N x|,
- | = crystal acceptance

Distribution of A+ over transverse momentum (Pythia 8.243)

Initial polarisation as a function of transverse momentum

oN/opt, c/ GeV

T 0.75

T 0.5

T 0.25

i

T -0.25

0 1 2 3 pt, GeV/c

2
- === Extrapolated from experimentaldata |[&|=1—¢ 2(pt)

I—I—I = E791 collaboration, Phys. Lett. B 471 (2000) [inSPIRE]

—— " G.R. Goldstein, hep-ph/0001187 (2000) [inSPIRE]
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MDM of 2+ experiment E761, Fermilab 1990:

Mirror the setup — double the statistics

* D. Chen, The Measurement of the Magnetic Moment of 2+ Using Channeling in Bent Crystals, PhD thesis, SUNY, Albany, 1992.

0.3
0.2
0.1

crystal #5

0.3
0.2
0.1

crystal #2

ldl..

Z |

ol O
z |
‘O.l
-0.2

-0.3

Figure 8.5: The ;";—;—ﬁ‘: distribution of the events in the signal area for (a) the 5th

XN
e I

[ TR T O T I

‘r

| O T O A .

I T T O N

Separate analyses have been done for crystal #5 and #2

We used a bias cancelling technique to cancel the A;. The distribution of the data

with a positive targeting angle, i.e. with the polarization P*, can be written as

+
an; = -1-.4.'(1 + aPj cosb;).

Nidcost; ~ 2 (8.3)

And the equation for negative targeting angle, i.e. with the polarization P~, is

dN; 1 -
.0.6 0 0.8 -OQB O 006 .0-6 0 008 No_‘_-dcoao‘ —§Al(1+apl 00801). (8.4)
COsSOx cosoy c0s0z Assuming the same amplitude for the positive and the negative targeting angle, P}
(2) = -P[, we can rewrite equation ( 8.4) as
dN; 1 +
W = EA.(I - aP, COloi). (8.5)
If we redefine N;* = ?:%»‘7 and N ﬁg—d—‘ and assume that A; is the same for
o — both targeting angles, from equation ( 8.3) and equation ( 8.5), we can derive
*+ - N~
! f 1 NN optan, »
r. -+ - T T' -~ T - .
' ~l- From the plot of —m-‘_— versus cosf;, we obtained the aP{ from the slope of the
+ - distribution.
[ T T S N O A S T S N Y T A O [ B T N T A

-0.6 0 0.6

COSOX

-0.6 0

cosey

(b)

0.6

'0.6 O

cosez

0.6

pr+ (pn) with channeling cut | gg+ (n) no channeling cut
5th crystal | 2.15 + 0.61 2.32 + 0.58
2nd crystal | 2.74 £ 0.71 2.62 + 0.73
Average 2.40 £ 0.46 2.44 + 0.46
PGD 2.42 + 0.05

Table 8.4: Results of the yy+ measurement with statistical error only.

A. Fomin
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Systematical error of g-factor from poor knowledge of a and ¢

» A. Fomin et al. Eur. Phys. J. C (2020) 80:358

1) use pre-measured values of a-E factor

2) measure o-E and g-factor simultaneously

dN 1
=—<1 + ag. cosO, COSHZ>
dcos0, 2
dN 1 .
=—(1 + a&, sin® cos@x>
dcosO, 2 3

A. Fomin

Ag

101 1

At > NOTr+ Ag

NE—> ATTK™

Qgcandg
102 103 104 105 N Ao e 102 103 10* 105 N per i
Branching Weak decay Detector efficiency Wieght
Decay channel o 19
ratio, % parameter o IR3 IR]* (Ag/Agj )
Nt > p K#(892) 1.96(27) 0.66(28) 0.2 0.2 ~ 0.60
Nt > A++(1232) K- 1.08(25) -0.67(30) 0.2 0.2 ~0.35
At = Npn~) it 0.83(5) 0.91(15) 0.02 0.004 0.01-0.05
Act = A(1520) it 2.20(5) -0.11(60) 0.2 0.2 0.02

*E. Bagliet al., EPJ C77 (2017) no.12, 828

Measuring the EMDM of Ac. Performance assessment of layouts in IR3 and IR8 of the LHC
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Performance assessment of layouts in IR3 and IR8: possible improvements

* A. Fomin et al. EPJ C80 (2020) 358

Central values of absolute

statistical error of g-factor Data taking time

Configuration Ag after Time (years) to reach
Target length Crystal Place 1 year 10 years Ag = 0.1 Ag = 0.04
S mm Silicon IR8 1.10 0.35 123 —

IR3 0.43 0.14 19 120
40 mm Silicon IR8 0.49 0.16 25 160

IR3 0.17 0.06 3 19
40 mm Germanium IR8 0.31 0.10 10 62

IR3 0.12 0.04 1.5 8.5
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Considerations for layouts in IR8

Channeled halo
and
new VELO aperture

A. Fomin Measuring the EMDM of Ac. Performance assessment of layouts in IR3 and IR8 of the LHC 22



Upgraded VELO aperture: ~5mm — 3.5 mm

LHCDb collaboration, A. A. Alves Jr. et al., The LHCb detector at the LHC, CERN/LHCC 2013-021, LHCb TDR 13, November 29 2013
JINST 3 (2008) S08005.

o m 1m

R sensors | 1 | | |

__________ | | l |
¢ sensors

cross section at y=0 & cross section at y=0 390 mrad 70 mrad
453(0 A
?555§ | { I I N 66 mm

. 15 mrad
z N z A I
| HMJ;g HHHH o HH H|HH| | ‘||
.

VETO \ | interaction region v
stations view of ¢ =95.3¢cm interaction region showing

most upstream

\VELO station 2 X Opeam ™~ 12.6 cm

\

:
8.4 cm
X
<€ >
6cm
6 cm
VELO fully closed VELO fully open
VELO fully closed VELO fully open (stable beams)
(stable beam)
. . - an inner foll radius of 3.5 mm was proposed and agreed upon
- the old VELO foil inner radius ranges between 4.9 and 5.6 mm, as brop J &
determined from particle interaction tomography - a closest distance of approach to the LHC beams of just 5.1 mm

for the first sensitive pixel
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Upgraded VELO aperture: Loss maps (no crystal)

SMOG 5.0 mm (128 o) SMOG 5.0 mm (128 o), VELO 3.5 mm (80 o)
¢ ¢
2 1001 T Collimators 2 1001 T Collimators
ke ] — Warm = ] — Warm
k5 | —— Cold ks | —— Cold
= 107! - = 107! -
© T ©
£ Z E
= 1072 2 102
10~3 E 1073
1074 g 10~
107 5 1075
} Ll o] | | || |
- | | | 1. - __ | | .
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
S,m S,m

 SixTrack simulation with a new VELO aperture: 3.5 mm (80 o, emit = 3.5 pm)
* No additional losses during the normal operation

» For a double crystal setup the additional check is needed

* Optics of 2018 machine configuration at “End of Squeeze”
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Channeled halo and new VELO aperture Target at 1.2 m from IP8 (extra slide)

. i i . -1.2m -0.3m  0.7m
Double crystal layout considered in D. Mirarchi et al., (2019), 1906.08551 E & < —
Vls Q
= - 21 T
-95.4m 86.6m 48 - © S =

Collimators

— e

— —

=== . e
Problem: 3 - - : i r ’

In present layout, the deflected S, m
by Crystal 1 halo hits the o 12 '1-2:‘ "0-3”‘ 0.7m
ol & a — 0. d
— A I upgraded VELO detector i o g O _ 812?;;“"3
o0 -0 | >0 100 0 _ —10 § ——- 0.10 mrad
> g - _ —— 0.05 mrad
Ol |10 @)
| Q lo| o
O - - % > >
TO BE CHECKED: . _’\p:__:\_ ____________________
Can the deflected beam cause a problem to the VELO? {7 TTTTTteeeee——— T
2 -
O —
—3 —2 -1 0 1 2 3
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Channeled halo and new VELO aperture: profiles and positions of the beams

Crystal 1 Target @ 2.4m from IP8 VELO
S S o SO <+— the first pixel
4 _ 4 \ 4 _/ . f .I d-
<— inner foil radius
' ' Channeled halo
2 A " 2 2 -
i ‘
0 % H 0 &S B 0 - @&
| | Beam 2 Beam1 |
—2- - ~2- —2 -
80 -60 —40 -20 O 20 40 60 80 10 1 1 0 1
X, mm X, mm X, mm
-2.4m 0.3m 0.7m
. . . . . . e 1 =[] ol lols ©
 Optics of 2018 machine configuration at “Stable Beam” used for all simulations 3 sls o| |zI8 Z| — O1l->t+l4mrad
> 10 - 512 2| I>/L >] —— 0.15mrad
| ~ |G o ——- 0.10 mrad
 Evaluation to be performed also with Runlll configurations when frozen . = —— 0.05 mrad
* Space is tight and conflicts between the two beams have to be studied 6 -
for a final design of the crystal support/holder . ‘ """""" ﬂ o et e S
* Potential problem: the channeled halo hits the aperture of new VELO R
(~1 mm inside VELO from inner foil, 0.5 mm from the first pixel) 01— | , , ——
-3 —2 -1 0 1 2 3
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Channeled halo and new VELO aperture:

Max. flux of protons hitting VELO: ~108 p/s (~1011 p/s for 10s )

Beam profile
at VELO

Crystall @ 5.0 0
150 urad

£4.70
>4.65 -
4.60 -

4.55 A

>

_20 -

_40 -

—0.15-0.10-0.05 0.00 0.05 0.10 -175

A. Fomin

X, mm

—170

—165

—160
y', urad

Beam profile at VELO

Max. flux of protons hitting VELO: ~1.5x106 p/s (~1.5x10° p/s for 10s )

Beam profile at
VELO 2.7 e-3

Crystall @ 5.50

Target: 5 mm

(ST 50403)
T T | T T B —
€4.70 - - _
S
>4.65 - - -
4.60 7 . L e T Tt 7]
R
4.55 - 0 1 il
4.50 - o 1 e |
4.45 - i
4.40 - | i | 1 | | | -
_g 60 - .
3
e 40 - = - . -
20 - : - . -"Tt
Wl P N
o Cc e 1
O T ﬂl-_h__-v-'t' T ..l:.::r__.."'l'_: ey
—20 - | .h_
—40 - - -
—60 - - -

—0.1 0.0

0.1
X, mm

—190

—180 —-170 —160
y', urad
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Considerations for layouts in IR8

Dynamic changes during levelling
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Dynamic changes during levelling

at IP8: a) End of Squeeze b) Max separation, c¢) Min separation, 100 Sep = B1_trim — B2_trim (from Jorg Wenninger)
1mm 60pum -13pum g_ & g (b)
E T | E 7 E : — 100 : 4 A
€ 1.04 () | B2 € 1.0- £ 1.0 - z - 2
> T > ] > : o 80f 4
0.5 - 0.5 - 0.5 - :
E ] f,\\ : L E 60 :
001 @ w0l ¥ g
~0.5 1 ~0.5 ] ~0.5 1 © v ‘
_ : - g 20f e 7 i
1 = ] ] (o) .y <
~0.3 0.3 ~03 0.3 ~0.3 0.3 '
-20
X, mm X, mm X, mm r (c) -
-40F
Beam separation, Ayp -60 - SR TN WA Y SN TR TR SN SR SO (R N TN S S S S S S R
at the |P8 29-Jun 29-Jul 28-Aug 27-Sep 27-Oct
"""""""""""""""""""""""""""""""""""""""""""""""""""  mm  ©(0.03mm) (2017)
a) End of Squeeze 1.00 34
b) Max separation 0.06 2
d)Zeroseparatlon """""""""""""""""" 00 o  Optics of 2018 machine configuration at “Stable Beam”
displacement during
] 0.06 2
levelling
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Dynamic changes during levelling: beam and channeled halo displacements

at IP8: a) End of Squeeze b) Max separation, c¢) Min separation, d) Zero separation, Channeled halo position
1mm 60um -13um 0 L, (a (b) (<)
E 1 = E ] E I E ] g . ' L
€ 1.0 (%) | B2 € 1.0 € 1.0 € 1.0 S 3.0-
> T > : > : > :
0.5 - 0.5 - 0.5 - 0.5 - 2.8 1
] T (N 1 il
0.0 - 0.0 == 0.0 - 0.0 - 2.6
1 ] s ] ° 1
- Tt - - 2.4 4 —h
~0.5 - ~0.5 - ~0.5 - ~0.5 - | at the target
: : : : 2.2 1— | | | —
~1.031 @& | B1 ~1.04 1.0 ~101 1.00 0.75 0.50 0.25 0.00
:.‘.".'. N o -” | Ay,p/2,mm
—-0.3 0.3 -0.3 0.3 —-0.3 0.3 —-0.3 0.3
X, mm X, mm X, mm X, mm o
Beam1 position
(a) (b) (c)
Beam separation, Ayp Beam 1 position, y Deflected beam, y E 0.0 - —— at the crystal >
N ——- at the target
at the IP8 at the Crystal 1 at the Target —0.2 A
mm c(003mm)| mm o(©03mm) | mm 0.4 -
a) End of Squeeze 100 34 -0.78  -2.62 -1.00 ~0.6 -
b) Max separation - 0.06 2 -0.05 | -0.16 -0.06 -0871 -
d) Zero separation 00 0 0.00 | -0.01 0 ~-1.0 —< . . . !
1.00 0.75 0.50 0.25 0.00
displacement durin
P 9 006 2 0.05 | 0.15 | Ayipl2, mm
levelling

* Optics of 2018 machine configuration at “Stable Beam”
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Dynamic changes during levelling: Possible changes in the optics for Run Il

from presentation by S. Fartoukh at Special LHC Run 3 meeting

LHCb rotation

 Redundant request from LHCb (since 2012) to establish similar physics conditions regardless of the spectrometer polarity

— External V crossing, i.e. collision at ~¥45° and ~135° depending on the spectro polarity for an external vertical X-angle of
135 urad @ 7 TeV (145 urad @ 7 TeV). An external V crossing also maximize the luminous region in collision

* Injection with a V crossing is NOT possible unless ramping the spectrometer

 Making the rotation during the ramp could be possible (towards flat top), but after gaining some experience

* An “universal” rotation BP seems to exist, warranting a minimum bb sep of 13 ¢ at the worst BBLR during the rotation
(at ye=2.5 prad and 7 TeV) = minimize re-validation steps after each polarity

___ X-angle gymnastic (rotation & ADJUST BPs) __ 00 — | | sep. gymnastic (rotation & ADJUSTBPs) —
100 1
—0.2
=
E o4 ADJUST
- 0.
2
<
ADJUST g —0.6
A
—0.8
on_sep8h
~104 on_sep8v
0 10 20 3 4 ’ N Stud 2?lumber . “
Study number Y
EoR @ B°=1.5 m at IP8 (with AQ=0.03) End of rotation EoR x"=0 & y*'=-1 mm End of rotation End of adjust
o= - 250 prad & o, =0 o= 0 urad & o, =135 prad (145 prad @ 6.5 TeV) cial LHC Run 3 meeting X=-1mm &y =0mm X'=+/-y"~0mm

* Optics for Run Il are in preparation. If the LHCb request is maintained, offset will need to be studied.
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