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Collisions provided by a TeV-scale beam (LHC) on fixed target will exploit a unigue
kinemartic region poorly probed. Advanced detectors make available probes never
accessed before



Collisions provided by a TeV-scale beam (LHC) on fixed target will exploit a unigue
kinemartic region poorly probed. Advanced detectors make available probes never
accessed before

spin ,
polarised (+unpolarised)
gas target

More details in the following talk by E.Steffens



The LHCb detector

e | HCb Is a general-purpose forward The LHCb Run 3 detector

spectrometer, fully instrumented in 2 <5 <5,
and optimised for ¢ and » hadron detection

e Excellent momentum resolution with VELO +
tracking stations:

6,/p=05-1.0% (p € [2,200] GeV)

e Particle identification with RICH+CALO+MUON
€, ~98% Withe,,, S 1%

Side View ECAL HCAL

SciFi ~ RICH2 M2
Tracker

e |Low momentum muon trigger: e
pT” > 1.75 GeV (201 8) 1 \_\ \ '\\ B
. A
will be reduced thanks to the new fully- QA \ il —l N\ \\ \ N\
. ( iy - '_ ______ : :" - ) ‘ - X \ . : 3
software trigger v [, —l— T\ N\
e Major detector upgrades performed during Vertex)/ e i i}/ = .y — \ NN\
LS2 for the Run 3 (5x luminosity) Locator — N\
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pp or pA collisions: 0.45 -7 TeV beam on fix target

\/E—\/WNM—HS GV 1: beam; 2: target

Large CM boost, large x2 values (xr<0) and small x1

0.45-7TeV Yems =0 = Vg = 4.8

AA collisions: 2.76 TeV beam on fix target
sy = 12 GeV
2.76 TeV Yems =0 = Vi =43
B \/ SNN 60
L "7 om,
- 8.16 TeV pPb Other Collision Systems
| I LHCD [0 LHCD 110 GeV
10°F ol ATLAS/CMS I HERA
[ ALICE
10°F ALICE Muon
00
D) :
O, | |
N 3- &/a\
< 107 Broad and poorly explored
| kinematic range
102§
10'}
! 10~° 10> 10~ 1073 102 101 10
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SMOG2 Openable Storage Cel

dimensions:
200 mm (L) - 10 mm (D)

The physical aperture of 5§ mm gives 2 mm
margin to minimum allowed aperture (VAM

0.005

0.004 -

aperture [m]
-
-
-
N

0.001 -

0.000 -

scan)

Minimum SC Aperture, various scenarios, 0.1 mm offset

0.003 -

Storage Cell edge

@
o
©
QL
@)
m
>
7% Baseline = lOn runs
o
— — H pushed - \fan der Meer
= - =+ H very pushed H B -leveling
-\l pushed " .
VB -levelin
- = \/ very pushed p g
0 ‘ 2 3 a 5

distance from IP8 (upstream) [m]

10

Position of SMOG2 Offset to nominal
Name | Xphys [m] | Yphys [m] dXphys [mm] | dYphys [mm] | #Zphys [mm]
S E -0.00142 | -0.00017 : -0.25 0.14 0.11
S S -0.00136 | -0.00040 : -0.19 -0.14 0.11
S _ROLL | -0.00082 0.99983 :

Excellent alignment reached




e The system is completely installed (storage cell + GFS + triggers +
reconstruction)

e Negligible impact on the beam lifetime (rg’e;i{
Pb—Ar 500 h)

Cheam— gas

qas ~ 2000 days,

e Injectable gases (3+1 reservoirs): He, Ne, Ar ... Hz, D2, N2, Oz, Kr, Xe

e Flux known with 1% precision, measured relative contamination 104

Injection valve PV611

4y o =~ U A E| I;“‘ T 5 5 (-
P0E £ et | e

b D T)&L;/ 1&1[1&/

11
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SMOG2 gas injection at LHC Rungd started in June 2022

Pressure increase intfo the primary vacuum Vacuum recovery after the gas injection stop in <20’
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SMOG2 gas injection at LHC Rungd started in June 2022

Pressure increase intfo the primary vacuum
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Temperature system

e 5 Temperature probes + reading system up un running
e Precision of AT=0.2 K

r. ON \_ Trending Page: SMOG cRIO temperatures
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Temperature system

Only lately (with ~70% of the LHC bunches) we see a
correlation between beam operations and cell

temperature

Increase from 10 to 20 "C, as expected

Prototype tested up to 130 C

Open cell: increase of the temperature, pick up of the rf

modes of the beam

Closed cell: decrease
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SMOG2/LHCspin pertormances
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SMOG?2 ... few highiights
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SMOG?2 ... few highiights

Heavy-lon and QCD phase space
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The LHC beams cannot be
polarised

polarised target
(bedm_ggs) beOm—beOm

collisions

SMOC2 is not only a unique project itself, but also a great playground for LﬁC

spin
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LHCspin experimental sefup

P
i J Diccociator e Start from the well established HERMES
= setup @ DESY...
\/ e ... to create the next generation of fixed
- target polarisation techniques!
Sextupole [N "WN
system - '-

x Atomic Beam Source (ABS)
* — produces polarized atomic
SFT I] [. beams
MFT I"‘“‘::z .
-

Sextupole -E :-

system .
N

|

|

|

!

Target Gas Analzfzcr (TGA)
— measures atomic and
o molecular composition

Breit—Rabi Polarimeter (BRP)

" Chopper —_—
" — measures nuclear polarization
Target Cell | éﬂ %MA —
‘ | ) ! —d — J l .
FTT —]QMA

LHC beam SFT MFT  Sextupole Chopper

system

[NIMA 540 (2005) 68-101]
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HERMES PGT

Space available in front of LHCb
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PGT implementation into LHCb

JW — u'u € ,..(PV) vs cell position

e Cylindrical target cell with SMOG2 dimensions: L =20 cm and D =1 cm 1.4

--------- Reconstruction efficiency
Ratio with SMOG2 region ([-560,-360] mm)

e Full LHCb simulations show broader kinematic acceptance & higher 1.2
efficiency in the same position of the SMOGZ2 cell

e Work ongoing to develop dedicated trigger lines and to improve
reconstruction algorithms for Run 3
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e N e mowomem R L L o m mow
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/ - | 0 : = S5y \ ~ [‘700 [‘670 [‘600 [‘560 ["500

J—

LHCs

]

ollg

— -
ol I ~J/W — u'uPV Xtrack reconstruction efficiency
L - — [560,-360] mm
» 07— N\ [-600,-400] mm
N - N e e [-670,-470] mm
.yl . E e :_
/ 05 PR
VELO 1 - 4
vessel i Ko 041 i
B -t- o
=, 03— e !
f PGT cell
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PGT implementation into LHCb

e Inject polarised gas via ABS and unpolarised eSS RO RO SOl o

gas via UGFS yele

,,,,,

FEED THROUGH SERVICES
"

FEED THROUGHS:
- ABSx1

- BRPx1

- Ugfsx1

- Motors x 2

—— j— O
il lnﬂg‘\:‘n'.ql AR AR 20T S
- Thermal sensors x 1 |

72 s

coils
N\
B vorors.
MAGNET IN TWO SEPARATED COILS
ABS
] - CSHAPE YOKE OR WITH A SIDE
~ 7 REMOVABLE PLATE

e Compact dipole magnet — static transverse field

Surface contours: B
1.660342E+00

1.600000E+00

e Superconductive coils + iron yoke configuration fits the
space constraints

2507 1.400000E+00

H— 1.200000E+00

e B =300 mT with polarity inversion, AB/B ~ 10 %, suitable
to avoid beam-induced depolarisation [PoS (SPIN2018) ]

H— 1.000000E+00

H— 8.000000E-01

- —— - — i — e .

—— 6.000000E-01

H— 4.000000E-01

ﬁ: 2.000000E-01
5.828613E-02 2 6

Possibility to switch to a solenoid and provide
longitudinal polarisation (e.g. in LHC Run 5)



https://pos.sissa.it/346/098

ABS & BRP implementation into LHCDb

ABS & BRP IN VERTICAL LAYOUT - SIDE VIEW e Reduce the size of both ABS and BRP to fit into the

available space in the LHCb cavern: a challenging R&D!

Atomic Beam Source e No need for additional detectors in LHCb: only a
modification of the VELO flange is needed

e P~ 85% achieved at HERMES

Injected intensity of H-atoms:
¢$ =6.5x%x10'° 57!

e Achievable Luminosity (HL-LHC):
L ~ 8% 10¥? cm™2 57!

ooooo

Another solution is also being investigated: a jef target that
: porovides lower density (~1012 atoms/cm?2) but higher :
polarisation degree (up 1o 20%) and lower systematics

Breit-Rabi polarimeter (see E.Steffens’ talk)

V)] Carassiti - INFN Ferrara
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The physics goals of |L++C

spin

Multi-dimensional nucleon structure in a poorly explored kinematic domain
Measure experimental observables sensitive 1o both quarks and gluons TMDs
Make use of new probes (charmed and beauty mesons)

Complement present and future SIDIS results

Test non-trivial process dependence of quarks and (especially) gluons TMDs
Measure exclusive processes to access GPDs

28



The physics goals of |L++C

1£0900°L08T:AIXE]

spin
e Multi-dimensional nucleon structure in a poorly explored kinematic domain 0. Lo e A
e Measure experimental observables sensitive to both quarks and gluons TMDs 005 §§M5u5<G9e\G;Y/°’ pp (s=115GeV 3
I =V Cc -
e Make use of new probes (charmed and beauty mesons) : .
e Complement present and future SIDIS resulfs E
e Test non-trivial process dependence of quarks and (especially) gluons TMDs E
® Measure exclusive processes to access GPDs -
Feff.pol. P=0.8
S , _0.25_llll|llllIlllllllllllllllplllllllllllllllllll—‘
0 01 02 03 04 05 06 07 08 09
x!
T2
. . 0.14 0.16 0.18 0.2 0.22 0.24 0.26 0.28
Drell-Yan as a golden channel: theoretically cleanest hard h-h scattering process R A Sy |
_ . — i Apv 1[5
e |[HCb has excellent y — ID & reconstruction for u™u 0.05L aiem {2
- ‘ASiII(Q(D'i‘st)A 1100
. - . :g 0.04- UT ] 3
dominant: Q(xbeam) T Q(xtarget) — U U g ' ‘ §
. _ 4+ < 0.03 1S
suppressed:  q(Xpeqm) + Cl(xtarget) U U £ | LS
.§ 0.02+ -\’\‘\1\. -
n-‘ o g
0.01f -
Lpp"'lo fb"‘ 3 < ylab < 4_
! Sl é | '} é 9 29



LHCspin event rates

Precise spin asymmetry on J/¥Y — u"u~ and D® — K=z for pHT collisions in just few weeks with Run3 luminosity!

Statistics further enhanced by a factor 3-5 in LHCb upgrade |l
weeks of data-taking (1lw=84h)
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
| H-C Polarisation degree:
0.035- N P =1.00 £ 0.00 [1.4
P=0.8 = 0.08
0.030 - — P=0.6x0.06 |12
.025 - 11,0 3
0.025 LHCspin gas: H 1.0 <
0=3.72e+13 cm™? I
2 0.020 - Based on pHe SMOG results | 5 g e
3 ®
<
0.015 - - 0.6 gz
0.010 - - 0.4
0.005 - - 0.2
20000 40000 60000 _ 80000 100000

< Jly-u*u~ yield / polarity >

=

weeks of data-taking (1lw=84h)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
| HC Polarisation degree:
0.035 1 PN P =1.00 £ 0.00 [ 1.4
P=0.8 = 0.08
0.030 - — P=0.6x0.06 |12
0.025 - 1.0 3
LHCspin gas: H 1.0 ot
0=3.72e+13 cm™? I
0.020 - Based on pHe SMOG results | 5 g e
©)
<
0.015 -~ - 0.6 gz
0.010 -~ - 0.4
0.005 - - 0.2
0 20000 40000 60000 80000 100000

reconsfructed particles
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A TSSA analysis at LHCspin with J/¥ — u™u~ events

TSSAonJ/¥ — u'u- TSSAon J/¥ — u u-
- — — v? | ndf 2.516/6 - - — X2 / ndf 2.647 /1 6
406_5 0.2 - N = 29432 events y al 0.08961+ 0.0127 hE_S 0.2 - N = 68624 events | \ al 0.09262 + 0.009659
% 0.15 :— Xg €[-0.70,-0.09] a2 0.01821 + 0.0207 % 0.15 :_ X, €[-0.70,-0.09] a2 0.01614 + 0.009991
< = p. €[0,1500] MeV < - p. €[1500,6000] MeV
0.1— 0.1
0.05F 0.05—
0 :— N ] - . 0 :_
~0.05— ~0.05—
~0.1— ~0.1
— — Total —
~0.15— - - - asin(®) ~0.15[— - = - asin(®)
[ = = - a,8in(20) u - = - a,8in(20)
_0'2 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | _0.2 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-3 -2 1 0 1 2 3 -3 -2 -1 0 1 2 3
¢ ¢

[JHEP 12 (2020) 010]

J/W — utu- it results u’.f; al J

o 018
¢ Full LHCb simulations of J/¥ — u*u~ in pH collisions - emulate the target S 0tC  Puzresisosmoim pr € [0,1500] MeV
polarisation by assigning a 1 | tag according to a given model. In this 0T Lonesty 05" o1 10" e
example: 10% asymmetry on sin¢, 2% on sin2¢ + mild x., p, dependence .12 + *
0.1
e Fit the polarised data with the sum of two Fourier amplitudes (a,, a,) in 008:_ + +
4 xp X2 pr X8 ¢ bins 0_06;_
e Within this statistics, corresponding to ~ 3 months of data-taking, 0.04F
Ay ~ 0.1 £0.01 0.02
0
—0.02:

X¢ €[-0.70,-0.09] X¢ €[-0.09,-0.06] X¢ €[-0.06,-0.04] X¢ €[-0.04,0.05]


https://arxiv.org/abs/2007.07755

Knowledge of the polarisation degree

AP =5% AP =20%
e To estimate the systematic error due to the (MeV) N .
measurement of the polarisation degree, the p% TE00 5 7OFO 00T T 0,089 lLl 0013 Pt (Me\_/) I ai
analysis is repeated with different AP e - ' U,1500 -0.70,-0.09) | 0.087 x 0.014
Y p 0,1500 -0.09,-0.06] | 0.104 =0.012 0,1500] ~0.09.-0.06] | 0.103 & 0.016
e Very relevant for the R&D (e.g. cell vs jet 0,1500] | [-0.06,-0.04] | 0.098 & 0.013 0,1500] | [-0.06,-0.04] | 0.097 + 0.016
target). With the shown analysis* : 10,1500] | [-0.04,0.05] | 0.117 4+ 0.014 0,1500] -0.04,0.05] | 0.114 £0.017
o L 1500,6000] | [-0.70,-0.09] | 0.092 £ 0.010 1500,6000] | [-0.70,-0.09] | 0.090 & 0.013
e 5% error (realistic value) — negligible effect 1500,6000] | [-0.09,-0.06] | 0.108 & 0.011 1500,6000] | [-0.09,-0.06] | 0.108 & 0.015
e 20% error — 30-40% of the stat. error 1500,6000] 1 1-0.06,-0.04] | 0.105 £ 0.012 1500,6000] | [-0.06,-0.04] | 0.104 £ 0.015
| 1500,6000] | [-0.04,0.05] | 0.105 = 0.012 1500,6000] | [-0.04,0.05] | 0.102 + 0.015
e 50% error — syst. dominated
TSSAonJ/¥ — u'u- TSSAon J/¥ — u'u-
> - x® 1 ndf 2.516/6 - . %2 / ndf 0.4204 / 6
g O N = 29432 events at 0.08961 = 0.0127 = N = 29432 events ai 0.08697 = 0.02237
%‘ 015/ X €[-0.70,-0.09)] a2 0.01821 = 0.0207 % 0150 X €[-0.70,-0.09] a2 0.01999 = 0.02408
< F p, €[0,1500] MeV < F p. €[0,1500] MeV
0.1— 0.1
0.5 0.05
—o.osf— —o.osf—
-0.13— -0.13—
- — Total u
~0.15— - = - asin(®) ~0.15—
E AP — O % - = - a,;sin(20) E
B S B N | I 02 | 1 1 1
-3 -2 -1 0 1 2 3 -3 -2 -1 1 3
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Spin physics In heavy-ion collisions

e probe collective phenomena in heavy-light systems through ultra-
relativistic collisions of heavy nuclei with frasv. pol. deuterons

e polarized light target nuclel offer a unique opportunity to control
the orientation of the formed fireball by measuring the elliptic flow
relative to the polarization axis (ellipticity).

unpolarized d+A

v2{®p}=0

Unpol. deuterons: the
fireball is azimuthally
symmetric and v, = 0.

j3 = £1 — prolate fireball
stretched along the pol.
axis, corresponds to v, < 0

v2{®p}<0 v2{®p}>0

j3 = 0 — oblate fireball
corresponds to v, > 0
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pol. deuteron

lead ions

Predictions for LHC FT kinematics \
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INnfernational fromework and feedback

Several experiments dedicated o spin physics, but with many limitations:
very low energy, no rare probes, no ion beam, ... * LHCspin is unique in this respect

—— —— = e e ————— — = — — — —— —

LHCspin Is complementary to EIC

[D. Boer: arXiv:1611.06089] unpolarized gluon TMD TMDs (Sivers) [D. Boer: arXiv:1611.06089, D. Boer et al. HEPJ 08 2016 001]
DY | SIDIS | p' A= hX | pPA—=s~y®jetX | pTlp s y7vX ep' 5 e’ QQX
pp— J/YyyX ep' =€ jija X
| p'p— J/YJ/pX

flng [+.+] (WW) X X X X Vv I Vv

i op) | v| Vv v N x X

DIS | DY | SIDIS | pA = yjetX | ep = QQX | pp = nep X | pp— J/vy X
ep—>ejijpeX | pp>HX | pp>TyX

| AT oww) | x X X X V4 Vv v
FRR O N VA VA Y v X x .

linearly polarized gluon TMD

_ R f1ng[+'+] (Weizsacker-Williams type or “f-type”) - antisymmetric colour structures
pp =y X | pPA—=7"jetX | ep—=eQQX | pp—=nep X | pp— /by X

Can be measured at LHCspin

— - R— _ — - — = — —

“Ambitious and long term LHC-Fixed Target research program. The efforts of the existing LHC experiments to implement such a
programme, including specific R&D actions on the collider, deserve support”(European Strateqy for Particle Physics) \‘0

\C
“This would be unique and highly complementary to existing and future measurements in lepton-proton collisions, 6‘a
because the asymmetries in question have a process dependence between pp and lp that is predicted by Theo%ﬁERN
Physics Beyond Collider) GQQ
e
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ToF. ] ep—eijaX | pp > HX pp > Ty X flLTgH’_] (Dipole s type or “d-type”) - symmetric colour structures

hy 777 (WW) v X v Vv v

L [+,_] .

hy T (DP) X N | X X X Can be measured at the Electron lon-Collider (EIC)
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Run 3

|
SMOC2

Fixed target physics at LHC is an exiting reality

SM Oq 2 already operative and taking unpolarised data

%ﬂ { 1s an 1nnovative and unique project conceived to bring polarized physics at the LHC. It 1s
p|n extremely ambitious in terms of both physics reach and technical complexity. It could be

installed 1in a realistic time schedule and costs
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LNF
Istituto Nazionale di Fisica Nucleare
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