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LHCb up to 2018

JINST 3 (2008) S08005

Physics core program: search for New Physics
through heavy flavor decays

 Study CPviolation

. ) ECAL HCAL M5
Rare B decays Collision Point SPD/PS o M

RICH2 M)

Optimized acceptance: 1.6 <1 <4.9

Good particle ID: e, u, p, K, &, vy identification up
to p=100 GeV oshio]
Good vertex and proper-time resolution: beam T4
Interaction point resolution better than 80 um ‘

Good mass and low momentum resolution

Efficient trigger for lepton and hadron
channels: 1 MHz readout rate up to 2018 -
main improvement point for first upgrade.

LHCb became a more general detector in the
forward region



http://dx.doi.org/10.1088/1748-0221/3/08/S08005

LHCDb upgrades

UPGRADE | UPGRADE Ib UPGRADE I

L =4 x 1032 cm-2

s L=2x% 103 cm2s"

~1.1 interaction ~5 interaction per bunch crossing
per bunch crossing ~50 fb1 (Run 3 + 4)

~9 fb-1 (Run 1 + 2)

NB: Run 3 and following steps shifted by 1 year due to COVID19 3



LHCDb Upgrade Phase |

[ Software-only trigger ] Upgraded calo front- | LHCb-TDR-12
end electronics,

} remove SPD/PS

New tracking
stations

BEAl, HOAL Ma MS
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New RICH PMTs +
upgraded electronics




LHCb Upgrade Phase |

To be upgraded
Upgraded LHCb detector

To be kept
( Detector channels ) ( Readout electronics ) Data acquisition ]

HCAL  MUON 2-5
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Full Software Trigger

LHCb Run 2 Trigger Diagram

< > >

LO Hardware Trigger : 1 MHz
readout, high Et/Pt sighatures

450 kHz 400 kHz 150 kHz

h+ H/HH e/y

:' Software High Level Trigger .;

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

o O O

LHCb Run 3 Trigger Diagram

Software High Level Trigger

v

xclusive kinematic/geometric selection

[ Full event reconstruction, inclusive and )
e s

Buffer events to disk, perform online

detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

3> I IO




[JINST 9 P12005]

Luminosity measurement at LHCDb

* Fixed-target physics started with luminosity measurements for LHCh: precise
luminosity measurement is an important ingredient for many LHCb publications:
cross-sections of J/wy, Y(1S), charm, beauty, ...

* Need to calibrate the luminosity measurements:
» Using well-know processes, like pp = Z°(—puu) X but this has not good enough precision
 Using dedicated LHC fills to measure directly the luminosity, L (per bunch):

N.f

N
L= Iquf :Nlsz_Up1(X’Y)pz(XsY)dXdy

* Where fis the collision frequence, Ny, N, are the bunch populations, p, and p, the beam profiles

Interaction
region
Bunch 1 — Bunch 2
2 g (0
—< A >

N, N,

— Effective’area A ~—



[JINST 9 P12005]

Luminosity measurement at LHCDb

N.N,f
L= jqﬁz =N,N,f [ p,(x,y)p,(x,y)dxdy

* N; and N, are measured by LHC beam monitors (DCCT and FBCT): more
on background subtraction later

» Two methods to measure ([ p,(x,y)p,(x,y)dxdy
e Traditional van der Meer scan
* Beam gas |mag|ng method Wlth SMOG ,. BCID 1909, pair 2

LHCb

25(45) kHz rate of
“lumi”- events in
Run I (IT)

| u(Ax, Y,) _ H(x, Ay)

o
=500 —250 250 500 =500 =250 250 500

0 0
Az (um) Ay (um)



[JINST 9 P12005]

Beam Gas Imaging

ff 0, (X, y)p,(x, y)dxdy

* Only done at LHCb: measure p; and p, from beam images reconstructed
with beam-gas interactions

* First try in 2009, switch off vacuum pumps of the VELO to increase
residual gas pressure at the interaction point

* From Nov 2011: inject in addition tiny amount of gas to increase
statistics using a dedicated injection System to Measure Overlap with
Gas (SMOG): x100 more interactions



SMOG

“pump” valve  Flowto VELO  Piranigauge

Evacuate and

“fill” valve
leak detector

PV501

High pressure
Piezo gauge

High pressure

“bypass” valve
vP volume

PV502

“HP” valve

To high pressure
Neon bottle

z (mm)

y (mm)
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[JINST 9 P12005]
Beam Gas Imaging

. Belal.m profiles are folded with VELO spatial resolution, determined precisely from beam-beam
collisions

LHCb Beam 1 Beam 2 Beam-beam
data

* With 8 T)eV pp collisions, reached 1.4% precision on luminosity calibration (J. Instrum. 9 (2014)
P12005

Method Absolute calibration Relative calibration Total
Oyis (mb) Weight Uncertainty (correlated) uncertainty uncertainty

pp at /s = 8 TeV

BGI 60.62 = 0.87 0.50 1.43% (0.59%)

VDM 60.63 £ 0.89 0.50 1.47% (0.65%)

Average 60.62 + 0.68 1.12% 0.31% 1.16%
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[JINST 9 P12005]

Ghost-charge measurement

* Beam Gas Imaging is also used to ” Vin Bunc
measure ghost-charges during van der
Meer scan sessions:

* the results are used to subtract this
background from the LHC beam

Normalised counts

monitors and used by the other LHC s
experiments to determine their 030
. . . . . Y BSRL beam 1 bunched 4 BSRL beam 2 bunched
luminosity precisely (this is one of the 2] T cttemn + 86Ibeam 2
largest correction for them) o
_ , . AR DBt ¢ duuti gty
* Ghosts = protons in empty bunches o | DRSS
« Satellites: protons in filled bunches but in 5010 '
2.5ns buckets ouside the main bunch (25 ns 0.5
bucket) ton

13:00 16:00 19:00 22:00 01:00 04:00 07:00 10:00
Time (UTC +2)



Unique to LHCb
Unique energies

LHCDb operation modes

— Collider mode

7 to 13 TeV S = 5to8TeV VSnn = 5 TeV
O — — 0 ©® — — —-
p p
p
Pb Pb
— Fixed-target mode/__/‘7
Vsyy ~ 20 GeV VSnn = 90 to 110 GeV VSan = 70 GeV
RHIC ( ¢ —_— s gf 6 fo
Vsyy =200 GeV p
THe He, Ne, Ar He, Ne, Ar
\/_NN =5 TeV
7 TeV beam: —2.3 <Viue <—0.3

LHCD rapidity 2.5 <yLHCb <4.5 = { 275 TeV beam: — 1.8 < y; e, < 0.2
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Fixed Target Physics With LHCDb

* Inject gas between 1 day and 2
weeks.

* The pressure is so low that it does

not interfere with the running of the Fixed target mode
LHC and data can be collected also in
parallel with pp collisions by LHCb.

Beam Energy

10 2500 GeV
B 4000 Gev

[l 6500 Gev

» Operation in 2015 demonstrated that
running with SMOG in completely
transparent for the LHC: it is

protons (Pb) on target [10%]

pNe pHe PAr pAr PbAr pHe pHe pNe pNe PbNe
2015 | 2016 I 2017 | 2018

considered now as routine operation.

* During Heavy lon runs, we also took
data in parallel collisions/beam-gas. 14



LHCb Heavy lon Physics Program

. o 7 HCH
* The fixed-target is mainly connected to the VW |

LHCb QCD/Heavy lon Physics Program.

» So far mostly concentrated on study of
heavy-flavor production in pPb collisions: "
well established performances and large
statistics

Event 1755501

* New areas emerging, that will be . gmitedlir' PJlfiPh:fa! Phb-"t:c e
consolidated with the future upgrades of ptimalin Ultra-beripheral Coflisions
the deteCtOI’: . J/\uproductlon Pbe ALICE

. @ ALICEJDPD\ SOZTVZS <y<3,0< <p, 1ZG\// ]
* Fixed target program (SMOG) it
* Limited for the moment by the small statistics 1

[}
1
available: fixed target data taking required 08F g R .
dedicated time limited slots S :
0.4
* PbPb collisions 02k ;W .
* Limited by the reach in centrality of the detector 055 100 150 200 25 300 350, 400

les ntral  p=——3 50% most central



LHCb Heavy lon Physics Program

backward <= Mid-rapidity =——p forward
AR EmE n arXiv:1904.04130

'; 10° 3 f — Collider mode 107
3 \ ! PP / 8.16 TeV pPb Other Collision Systems
= AL ;
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Rapidity in centre-of-mass Large phase space coverage
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Heavy lon Physics with LHCDb

* Proton-nucleus collisions
* Serve as a baseline for nucleus-nucleus collisions

* Nuclear parton distribution function (nPDF), nuclear
absorption, saturation, energy loss...

* Unique capabilities with LHCb in the heavy flavor sector to
constraint nPDF at very small (pPb collisions - charm and
beauty) and large (fixed target - charm) Bjorken-x

* Nucleus-nucleus collisions in FT mode

+ 2.75TeV Pb beam on fixed target: V/syy~71 GeV (close to the 17

GeV regime reached at SPS)

* Investigate the color screening
* Thanks to unique capabilities, LHCb offers new opportunities

in the charm sector: J/y, y’, %, D°, D*/, D", A.... (in the 90’s the
NA50/SPS experiment measured only J/y and v’ in PbPb @ 17
GeV)
* Accessing similar energy density regime than SPS: operate
PbAr@71 GeV, lower multiplicity than PbPb collisions, central
events should be accessible

arXiv:1612.05741v1

L6 LHCb Fixed Target
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T

Bjorken-x = fraction of the nucleon momentum carried by a parton

200

Satz, J. Phys. G32 (2006) R25
€ [GeV/fm3]
3 Tc 450 - 525 MeV

LHC
2Te 300 - 350 MeV
225 - 262.5 MeV
R
SPS
Te 150175 MeV. Is [GeV]
A 1
10 102 103
PbA fixed-target
Vsyn ~ 72 GeV



[PRL 122 (2019) 132002]

Production of charm in fixed target

 Use two of the data samples: pHe (4 TeV beam, 86 GeV) and pAr (6.5 TeV
beam, 110 GeV)

 Largest sampleis pHe, 7.6 £ 0.5 nb
* Measurement of prompt production of J/y (—u*u) and D°(—Kmn)

i: 120F & 600F

o 100- L':?gv Y > 500- LHCb
2 r \S = e p e F -

S 8o NN S 400 | Syn = 87 GeV pHe
- .t 0

Z 60 ~ 300~

(7} N g .

2 40 5 200F

_8 r L o) -

5 20 S 100~

c L i c .

< % R e o et © & e R

O 50 3000 3050 3100 3150 3200 O 0

| 1
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m(utu’) [MeV/c?] m(K 1) [MeV/c?]



Fixed-target luminosity

 Use p-e- elastic scattering (Mott)

e. Proton Rest Frame Lab Frame /E, LHCh
* Pro: s ™~ __ | fmy  LHCbeam t/ 8
* Only elastic regime in LHCb acceptance: ' ) " smoa ’
* 0>10 mrad — 0.,<29 mrad, Q2<0.01 GeV?
» Cross-section very well-known
» Clear event signature: single low p; 9000 fe- T ' "' LHCb Preliminarv
electron track and nothing else 8000 F- - '
* Background comes mainly from 7000
conversions: it is charge-symmetric and 6000 = — Simulation of single &

can be estimated precisely from single —— ¢ candidates

positron events

 Cons:

* Small cross-section (1000 less than
hadronic cross-section)

* Low momentum electrons = low
acceptance and reconstruction efficiency LHCh-CONF-2017-002

e —=— e+ candidates

scattered electron candidates
Lh

1Ll IlIIIlIII|IlIIlIlIl|IllIIIIIl||l|l|lIlI|I_

g
_IIIIIIIIIIIII*IIIIIIIII|IIIIIIIII|III

SPD hits



Fixed-target luminosity

* Electron spectrain very good LHCh-CONF-2017-002 |
agreement with simulation 0 iconamany | Gt A
. § ooF * —|— e candidates 1 % 2000;* - ‘; E
 Data confirm charge symmetry of goof = 4 1 Zuof s :
7] a2 - et candidates 5‘-_; 3 * e E
background £~ 3™ R
: . : Sha & - 16~ 2 ;
 Systematic from variations of selection m‘%m b o
. [MeV/c] p, [Me /le
cuts: largest dependency ison e T cimp ‘
. > 3000FE LHCb Preliminary { 7, E LHCb Preliminary
azimuthal angle e 2 2 of Fy 3
g = f + & candidates (Bkg Sub.) %1300_ :’ *
23000— A 1 Z1ooof ¥
g IZ:: *.:* —+— Simulation (normalized) : é’ g: *.?. i++
1 E; soof-* Q"%-u E 5 ;ﬁz: :; ‘*’6
L=0443 +0.011 +£0.027nb™ R v S " o v

p [MeVie]

(pHe at 110 GeV)

 Equivalent to gas pressure of 2.4x1077
mbar, as expected



[PRL 122 (2019) 132002]

Production of charm in fixed target

» Measured cross-sections are extrapolated to
the full phase space (4w) and in the case of the
DO, to the full cc spectrum (using f(c—D°) from
external measurements)

* Compared to
* Previous measurements at lower and higher
energies

* Predictions from NLO NRQCD for J/y [pLB 638 (2006) 202]
and NLO pQCD for ¢C [npB 373 (1992) 295]

01y = 652 4 33(stat) £ 42(syst) nb/nucleon,
oo = 80.8 + 2.4(stat) + 6.3(syst) ub/nucleon.

o(ct) [ub/nucleon]

o(J/y) [nb/nucleon]

10° £

107

- LHCb +
® This measurement
- 3
oo ohy #
® Q+
NLO NRQCD ‘;
10
san [GeV]
LHCb
This me: t
+ 3
[ & * NLO pQCD ]
10E ¢ .
10 10 10°
\sun [GeV]

AN



Production of charm in fixed target

* Cross-section as a function of rapidity
(v*) and py to test intrinsic charm

content of proton (would be seen as - Q = 100 GeV
increase of cross-section at negative T o o s
rapidities compared to predictions) =

Phys Rev D93 (2016) 074008

— 800 T T — — 80

= E LHCb \s,, =86.6 GeV pHe 3 = E
S T00E - pam= E S 70F LHOb|5,,=866GeV pHe [HE[AC-ONIA EJEJC 77 (2017) 1]
2 600 - W pHe X178 CTIANLOCTEQIS = 'S gof _t LHCbdaa
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SMOG: anti-protons in pHe collisions at 110 GeV

* Interesting to reduce uncertainties on

anti-proton production in inte
medium: pHe — pX is ~40% of
secondary cosmic anti-proton

r-stellar
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https://doi.org/10.1103/PhysRevLett.121.222001

SMOG2

* SMOG proved that a fixed target physics program at LHCb works, but

has limitations:
* Fixed target data taking was mostly done during dedicated short runs, at
maximum during 1 continous week: low statistics
» The pressure of the injected gas is limited because the gas flow is not contained
and goes into the LHC beam pipe
* Changing types of gases is a long operation: requires an acces close to the VELO,
l.e. stopping the LHC operation

 The position of the interactions is distributed along a large area: strong
variations of the detector efficiency as a function of that position

* To address all these difficulties: upgrade of SMOG system = SMOG2



European Strategy Briefing Document

* "The LHCb Upgrade Il... will enable a wide range of flavour observables
to be determined at HL-LHC with unprecedented precision”

* Including ion and fixed target program at LHCb

* “For heavy-ion studies, the proposed fixed-target experiments with
LHCb and ALICE enable the exploration of new energy regimes...and the
use of new physics probes...to test the factorisation of nuclear effects.”



OH1

OH1-1H

LHC Heavy lon Schedule

Year Systems, \/‘% Time Lint arXiv:1812.06772 - CERN-LPCC-2018-07

v

LS2 - LHCb upgrade la

2022 Pb-Pb55TeV  S5weeks 3.9nb !

2021 Pb-Pb55TeV  3weeks 2.3nb '
pp 5.5 TeV 1week 3 pb ! (ALICE), 300 pb~! (ATLAS, CMS), 25 pb~! (LHCD)

Run3 0-0, p-O 1 week 500 ub " and 200 b
2023 p-Pb8.8 TeV 3 weeks 0.6 pb~ ' (ATLAS, CMS), 0.3 pb~* (ALICE, LHCb)
1S3 - LHCb upgrade Ib| __, pp 8.8 TeV few days 1.5 pb~! (ALICE), 100 pb~! (ATLAS, CMS, LHCb)
] 2027 Pb-Pb5.5TeV  5weeks 3.8nb™ '
pp 5.5 TeV 1week 3 pb ! (ALICE), 300 pb~' (ATLAS, CMS), 25 pb~! (LHCb)
U n p_ * € WEEKS * p ’ M p ’
Run4 2028 Pb 8.8 TeV 3weeks 0.6 pb ' (ATLAS, CMS), 0.3 pb™ ' (ALICE, LHCb)
\ pp 8.8 TeV few days 1.5 pb~! (ALICE), 100 pb~! (ATLAS, CMS, LHCb)
—1
LS4 - LHCb upgrade 2 2029 Pb-Pb 5.§ TeV 4 weeks 3mnb . . .
— - /| Run-5 Intermediate AA 11 weeks e.g. Ar-Ar3-9 pb ~ (optimal species to be defined)
Rund \ pp reference 1 week

LHCb is very well placed to have a decisive contribution to Heavy lon Physics in LHC run 3 and HL-LHC
e Best placed in pp and pPb at forward rapidity

* InpPb/Pbp: L~30nbinrun2 (~1M J/y, ~8M D° =» £ ~300 nblin run 3+ 300 nblinrun4
*  Well placed (less limited) in PbPb at forward rapidity

*  Will benefit from detector upgrade
* Start full physics program in fixed-target mode

26
*  Will benefit from target and detector upgrade



SMOG2

* New storage cell installed at LHCb to boost significantly the fixed target program

. !Snl\%eGase of the luminosity by up to 2 orders of magnitude using the same gas load as |

* Possibility to inject H2, D2, He, N2, 02, Ne, Ar, Kr, Xe with multiple gas lines

* New Gas Feed S)/stem. Gas density (luminosity) measured with greatly improved
precision (few %)

* Well defined interaction region upstream the nominal IP: strong background
reduction, no mirror charges effect, possibility to use all the bunches. pp and p-Gas
simultaneous data taking may be possible thanks to software trigger.

* |n beam-beam slots:

T F RO imi 5 12
E 18 : LHCb preliminary 12 g [ VELO track efficiency

E ©-  Ys=110 GeV pAr Data 2 C Sl -
160 .- . 10 2 pgas simulated collisions

£ & . < g
T4E ea,,,ly - ,,,/#w/‘@ 60 mrad| p- G a S pp C E pp simulated collisions
120 N T TS Ee e i | E

T T | N . -+

Lot S im = E S
08f B - ————l =
0.6 4 09—

E Lx

E T C beam-target
0.4 F g

E 2 - interaction region bea".‘ beam
0.2 . + ractio gl

obL L L L o F
-1000 -500 [} 500 1000 -
Z [mm] :___g_—h h—ﬁ"h—
07
00 00 300 200 00

SMOG SMOG2 s ; - oo——



SMOG2

Gas species He Ne Ar Kr Xe Hsy Do Ny O9
SMOG?2 areal density (10 | 10 10 10 5 5 10 10 10 10
atoms/cm?)

Intensity (10'° particles/s) |5.80 |2.58 | 1.82 [1.36 | 1.01 | 4.08 | 2.89 [ 1.09 | 1.03
Flow rate (107> mbar-1/s) [214 |96 |[6.8 [4.68 |3.75 | 15.02| 10.07 | 4.05 | 3.83
SMOG areal density (10*2 [0.92 | 0.41 [0.29 [0.20 | 0.16 | 1.30 | 0.92 | 0.35 | 0.33
atoms/cm?)

SMOG2/SMOG 109 244 | 345 |25.0 |31.3 |77 |109 |28.6 | 303

Noble gases He, Ne, Ar were already used with SMOG

Need simulations to assess feasibility from LHC point of view to inject:
* Kr, Xe: risk of accumulation at the warm-cold transitions, and outgasing at injection
* H,, D,: degradation of NEG (non-evaporable getter) coating of LHC vacuum chambers

Collision rates expected compared to pp:

Negligible impact on beam lifetime:

RH2 _ Usz(lls G’eV) . LSMOGZ

Ry opp(14 TeV) - Ly
Rar _ opar(115 GeV) - Lspmoae

~ 1.3%,

~ 10.6%.

Ryp (14 TeV) - Ly
Beam | Target Gas | 0jss (barn) | 7,5 (days) | Relative loss in 10 h
P H 0.05 2060 0.02 %
p Ar 1.04 97 0.4 %
Pb Ar 4.63 22 1.9 %
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SMOG2 statistics

* For 1 year of data taking during Run 3:

* Instantaneous luminosity measurement:

precision of 2% expected on integrated
luminosity

L 0 N f frev: beam revolution frequency
Rp— Np/b: number of particles per bunch
1st p rev Nb: number of bunches

) - farget density at the cell center

number of particles @: 9as flow

areal : areal density
density N N C= total conductance
. D: cell diameter

p/b b L: cell length

T: temperature
M: molecular mass

L oL

2 =c2 T D
C=381/———
MpL+2D

PAr
J/IY 2B M
DY 280 M
A »
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SMOGZ2 storage cell

* The storage cellis a tube (20 cm length, 1 cm
diameter) where the gas is injected at the center
from a gas-feed system

Po

(2)

D 'Q LHC

P beam
Injection

* Similarly to the VELO, the cell must be opened
when the beam is not stable (at 3 cm)

___—» Targetcellprofile
. lHCtransverse
beam profile

at Lumi Run
(7000 Gev)

(

Solution adopted for SMOG2: L=20cm, R=0.5cm
for LHCspin: L=30cm, R=0.5cm

FLOATING HALF CELL SUPPORT
CONNECTED TO THE RF FOIL
FRAME

STORAGE CELL
SUSPENSIONS

ELECTRICAL CONTINUITY

BETWEEN CELLAND RF FOIL

GAS FEED TUBEIN
THE CELL CENTER

FIXED HALF CELL SUPPORT
'CONNECTED TO THE RF FOIL
FRAME




Gas feed system for SMOG2

the Balcony 1

| Feed Lines |
the VELO s mmom om m m o# 4

To be installed in 2022
Will give the possibility to change types of gas dynamically, and to measure the purity
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SMOG2: High x physics

Reduction of PDF uncertainties crucial for Beyond Standard Model searches

1.4

arXiv:1807.00603
Bayesian reweighting

Q=13GeV
CTl4nlo
CTl4nlo prof.

u—PDF

PDF uncertainties before and after .. -
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. 19
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SMOG2: Cosmic rays

Equivalentc.m.energy \s,, (GeV)
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SMOG2: Cosmic rays

jige]aglll Martin W. Winkler (Stockholm University) §fe]l'd

Antiproton issue: Dark Matter annihilation (primary), scatter on interstellar matter (secondary)
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Upgrade Ib and Il

Magnet stations ECAL
improve resolution Smaller segmentation,
Changes to all parts of the experiments | for p<iGev TORCH il
to be deployed in LS3 PID for p<10GeV Ot ~20-50ps
uT ' -4 o ~15ps n g M5
’ : Magnc' - Neutron M3

Magnet Stations SciFi TORCH Shielding
_ &Silicon ,-RICH2
Tracker

micro-strip

Velo

Smaller, thinner
Ot <200ps/hit

L: 1% l'; [ [.]
RICH1&2 SciFi /Might TrackeflI o
= u
higher occupancy Add silicon detector
--> new photodetection in the inner region Egg-l‘cl::mftii::: .
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Polarized Gas Target Topology
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Polarized Gas Target: Luminosity

* Driven by aperture of the beam which limits the size of the target
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distance from IP8 (upstream) [m]

R=0.5cm, L =30 cm means target
density 1.2x10%4 cm™

At High Luminosity LHC, fixed target
luminosity can reach L=8.3x1032 cm2.s1
Impact on the LHC beam lifetime less
than 1%
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Polarized Gas Target

Sextupole [ W
system X
-: l- Atomic Beam Source[(ABS)

- I]; ;I-. —bzznd:cespolarized o

MFT I%.

Target Gas Analyzer{(TGA),

— measures atomic and
molecular composition . . .
po Breit-Rabi Polarimete:

Chopper {(BRP)
— measures nuclear polarization

Target Cell ‘ ‘QMA
A2 === n B
=TT — el
SETIIIIIIIIIIIIIIIIIIIIIIITIIIMN I TEAEI e ]QMA
|Bc Shutt i, l l
LHC am utter --

beam SFT MFT  Sextupole Chopper
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Polarized Gas Target

* R&D already started at INFN Frascati, Ferrara, Erlangen, Julich, PNPI

* Groups interested in Italy, France (IJCLab, LLR, Saclay), Michigan, Los
Alamos, MIT, PSI

* Budget: 2 - 4 MEuros

[ 2018 | 2019 | 2020 2021 2022 | 2023 | 2024 | 2025 | 2026 2027 | 2028 2029 | 2030 | 2031 | 2032 | 2033 2034 | 2035
a1]a2/a3]a4]a1]a2]03704]a1]a2T03 a4 a102]03]as a1]a2]a3]a4| a1 [a2]a3]a4 a1 [a2]a3 a4 a1 [a2]a3]as]ai [az]a3]a4]a1 7 [2: [a4|a1]a2 @3 ]a4]at [c2 a3 a4 a1 [a2]a3 a4 |a1a2]a3]a4|a1 [0z [03]a4 a1 |02 17= (a4 a1 0203 a4 |a1 [a2]a3]as
Run 4 LS4 Run 5 LS5

Run 3
LS2 LIU installation 8 .

SMOG2

Polarized Gas Target

or
Vacuum chamber + ABS and diagnostic duringYETS



Physics with polarized gas target

» Understand the spin of the proton and its content beyond PDFs
Unpolarized gluon TMD

Gluon angular momentum
Quark Angular Momentum

= Gluon Spin
« Quark Spin

Tomography
(TMD: transverse
momentum
distribution)

Composition

Weizsacker-Williams (WW) gluon distributions

dipole (DP) gluon distributions

[D. Boer: arXiv:1611.06089]
DIS | DY | SIDIS | pA = yjetX | ep—=e' QQX | pp—=nep X | pp— J/y X
ep—=e X | ppoHX pp—=TvX
T ww) [ x| x x x v v v
FTop) [ vIiv] v v x x x
unpolarized ghuon TMD .
Polarized gluon TMD
pp—= vy X | pA—=yjetX | ep—=eQQX | pp—=nep X | pp— J/y X
ep—=e X | pp—=HX pp—=>T~vX
hi e (ww) i x V Vi Vi |
h 9T (DP) X x x X

linearly polarized gluon TMD

|:| Can be measured at the Electron lon-Collider (EIC)

[] canbe measured at the LHC, in particular at LHCb
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[EPIC 77 (2017) 181]
[JHEP 8 (2017) 120]

Target with crystals: SELDOM project """

* Measurement of charm quark MDM and EDM via spin precession of A,
baryons produced in a fixed target, using crystals

rrrrrrrrrrrrrrrrrrrrrrr

Bending
crystal . LHCb
Target - Upper
converter \‘K/ ~ Haf
I e

i t
\ p -~
‘ Deflected ‘
LHC proton HALO beam
beam LHCb

Lower

half
Detailed in LHCb-INT-2017-011, EPJC 77 (2017) 181, JHEP 2017(8):120 (2017) and
EPJC 77 (2017) 828.

Need initial (5) and final (g) A{ polarization
5 : Produce polarized baryons using a target-
crystal before the bending crystal

g : Measured using dedicated experiment or
LHCb

-
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Fixed target in ALICE

* Particles from beam halo + solid target inside ALICE:

 Halo particles deflected by bent crystal (70m upstream of ALICE) sent on a solid
target

* Particles not interacting with the target need to be absorbed
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E ) MBR
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Simulation of the deflected beam at ALICE IP, F. Galluccio, W. Scandale UA9



Fixed target in ALICE

* Physics program very similar to LHCb, with a different acceptance, with
muon detector covering different acceptance than other parts of the
detector
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Conclusions

* Fixed-target physics at LHCb/LHC feasibility established with SMOG during Run
2 of LHCb: limited by statistics

* Success of this first phase encouraged many new projects
* Installation of SMOG2 will boost significantly physics output

* New projects at LHCb and ALICE under design to explore new directions
(polarized target, MDM-EDM, ...)



