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SMOG, a successful idea and a pseudo-target

System for Measuring Overlap with Gas (SMOG) has been thought for precise luminosity measurements by beam gas
Imaging, but then it served as a “pseudo-target” producing interesting results
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Several analysis are going on. Already published: % May 27, 2021
-Measurement of antiproton production in pHe collisions at v sy =110 GeV A Neural-Network-defined Gaussian
PRL 121 (2018), 222001 Mixture Model for particle
-First measurement of charm production in fixed-target configuration at the LHC identification applied to the LHCb
PRL 123, 239901 fixed-target program
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Kinematics on fixed target

D pp or pA collisions: 7 TeV beam on fix target

Q AA collisions: 2.76 TeV beam on fix target
Vs =/2myE, = 115 GeV ‘ oo = 12 GeV
—30=yeus <0 = 2=y <5 276 TeV Yems =0 = Yigp = 4.3

0.9-/TeV

SMOG2 aims to significantly improve the performances of SMOG thanks to the use of a storage cell. This will
allow to greatly expand the physics reach of SMOG paving the way fo new and unique measurements

~lIncrease of the luminosity by up to 2 orders of magnitude using the same gas load as SMOG
~Injection of H,,D,, He, N,, O,, Ne, Ar, Kr, Xe

o Multiple gas lines

o New Gas Feed System. 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 pgas simultaneous data tfaking
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Typical SMOG2 areal densities for different gas species, compared with SMOG at the same flow rate

Collision rates
expected during
Run3 wrt pp collisions

RH2 _ OpH2(115 GGV) - Lsproa ~1.3%
Ryp opp(14 TeV) - Ly, T
Rar (115 GeV') - L

Ar._ Zpd ( V) - Lswmogz ~ 10.6%.
Ry Opp(14 TeV') - Ly

A factor 1/7 for the LHCb expected
pp pileup has not been considered

Already used wit

(Gas species Kr Xe Ho Do No O
SMOG?2 areal density (10 5 5 10 10 10 10
atoms/cm?)

Intensity (10'° particles/s) 1.36 | 1.01 | 4.08 | 2.89 | 1.09 | 1.03
Flow rate (107° mbar -1/s) | 4.68 | 3.75 | 15.02| 10.07| 4.05 | 3.83
SMOG areal density (10 0.20 | 0.16 | 1.30 | 0.92 | 0.35 | 0.33
atoms/cm?)

SMOG2/SMOG 25.0 | 31.3 | 7.7 |10.9 | 28.6 | 30.3

For the new gases simulations are going on in
order fo avoid embritiment of NEG (Hz,D2) or
condensation on machine elements (Kr, Xe)

Relative beam loss and beam life time reduction

Beam | Target Gas | 0jss (barn) | 7,55 (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 %

negligible iImpact of the target on the LHC beam




Simultaneous run for p-gas @ 115 GeV and pp @ 14 TeV
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The two systems don’t interfere each other and the reconsfruction efficiencies stay unchanged

The DAQ data flow increases of 1-3% only

|
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Long list of potential physics measurements for Run3 not reported In this technical
oriented talk

‘ —Advomlo—rge—x gluon, on’riquorkrongl y uoe’ri nulon ucli

~ _Advance our understanding of the dynamics and spin distributions of gluons inside unpolarised nucleons

- 8.16 TeV pPb Other Collision Systems
o/ B LHCb . LHCb 110 GeV
10% p ATLAS/CMS I HERA

[ ALICE
105; ALICE Muon

107107 10Y 107 102 100t 10

With SMOG?2 we access unique kinematic conditions at the poorly explored energy of Vs ~ 115 GeV, mid-high

rapidities, using also the LHCb capabilities to reconstruct rare probes with high efficiency
§)



Reconstructed yield for ~1 yr of data taking during Run 3

DAr
T/ 28 M :
| rule of thumb
DO 280 M 1 pb=' ~24 h x 1000 bunches x 103 cm=

target density

AT 3 M
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Storage cell concept

A Storage Cell consists of a fube (length L=200 mm, inner diameter D=10 mm).
Gas is injected at the tube center by means of a capillary from a gas-feed system as a directed flow

ELECTRICAL CONTINUITY

FLOATING HALF CELL SUPPORT
CONNECTED TO THE RF FOIL BETWEEN CELL AND RF FOIL
po FRAME R
~ g =Ry

STORAGE CELL
p ( z ) SUSPENSIONS

L/2 L/2 e

GAS FEED TUBEIN

! g ) Z . THE CELL CENTER
CONICAL TRANSITION
D LHC , FIXED HALF CELL SUPPORT
Q ke, FLEXIBLE WAKE FIELD SUPPRESSOR CONNECTED TO THE RF FOIL
. . b eam = FRAME
Injection |

o Compared with a free beam, the gas atoms are confined by the tube thus forming a target of higher areal
density atoms/cm?2. The ‘compression factor’ can be as high as 100x depending on the geometry of the

stforage cell and gas type.
3

1 D
C(l/s) = 3.81\/T/M ESETE)

o The density (luminosity) increases with increasing L and decreasing D o= Ctot

© The atoms diffuse outwards via the openings in MolFlow mode by performing many wall collisions
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MInimum aperture: all scenarios

Minimum SC Aperture, various scenarios, 0.1 mm offset

0.005 4
D
0.004 - o) : : : :
3 Laser alignment during installation
o
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— - H pushed - \/an der Meer
= S — = H very pushed H B *-leveling
- \/ pushed . .
_ V B -levelin
0.000 - = \/ very pushed B 9
0 1 2 3 - 5 . . . . .
: Table 9: Final position of the SMOG?2 and its offset to the nominal position
distance from IP8 (upstream) [m]
Position of SMOG2 Offset to nominal
Name | Xphys [m] | Yphys [m] dXphys [mm] | dYphys [mm]
Rce” =5mMmm—> clearance Of 27 mm S_E -0.00142 | -0.00017 | -O. -0.25 0.14
S_S -0.00136 | -0.00040 . -0.19 -0.14
S_ROLL | -0.00082 | 0.99983

Very good alignment reached
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Due 1o the variable traverse size of the LHC
oeam, the storage cell must be openable:

-open (R=30 mm) during the beam injection
and funing phase

-close (R=5 mm) during lumi run

10 fimes faster than normal




Secondary Electron Yield

Electron cloud effects are observed in accelerators with positive particles. Slow electrons produced by various
lonization processes are trapped near the beam producing secondary electrons (SEY), which may lead to beam

instabllities.
For this reason, surfaces exposed to the LHC beams need to have a low enough SEY —> coating

All the surfaces have been coated with Amorphous Carbbon

15



Machine Induced background ... in the LHCb spectrometer

The installation of the gas target in the upstream section of the LHCb spectrometer adds material budget that can, in
principle, increase the background seen by the sub-detectors

This has been carefully calculated checking the:

-Beam-gas interactions in Long Straight Section (LSS) leading up to the experiment

. Simulations in GEANT
-Interactions with the Tertiary Collimators (TCT) located upstream on both sides of the

beam pipe.
Average VELO clusters per event
Config. | MIB-TCT | MIB-LSS | pp | pp + puMIB | AMIB=TCE 1 AMIB=LSS | App+pl 1B
(pe—0.0238) | (g 0.0019)
no target 70 481 143 446
target 87 506 142 445 -16.0 % 5.2 % ()

o This is un upper Iimit because the pileup has not been considered

o Adding the SMOG2 material budget in front of the LHCb detector does not change the number of VELO clusters per event
INn the pp collisions

o When the MIB is properly scaled and embedded info the pp collisions, the effect of SMOG2 is completely negligible
16



Luminosity measurements

L%1=:H]%9fkv

number of particles
aredl|
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frev: beam revolution frequency
Np/b: number of particles per bunch
Nb: humber of bunches

)o - farget density at the cell center
d: 9as flow

0 areal density

C= total conductance

D: cell diameter

L: cell length

T: temperature

M: molecular mass



LuMmInosity measurements

Conftributions to systematic uncertainty:

Molecular Dynamics (Molflow): 0.5 %

Temperature: AT <0.1 K —> negligible

Leakage: wings ensure a negligible conductance along the cell edges —> negligible
Sticking Factor: 1.4% (pessimistic estimation)

Geometry: real geomeiry measured by CMM —> negligible

GFS: <1% (to be confirmed after the calibration of the whole system)

Total expected uncertainty on luminosity ~2%
(slightly dependent on the gas: worse for Ha than for Xe):

Comparison with the method used with SMOG (ep elastic scattering) is possible offline

18
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It will be installed in 2022, before the end of the LSZ
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Abstract

The LHCb experiment pioneered fixed-target physics with LHC beams, thanks
to the SMOG internal gas target. Collisions of proton and heavy-ion beams on
targets with different nuclear size can be recorded at a centre-of-mass energy of
V/sxn ~ 100 GeV. This note summarizes the physics opportunities offered by the Ciw
current fixed-target setup and its upgrade envisaged for the LHC Run 3. Unique 7/
Tech N ic al De S i g N Re po rt measurements are being performed with Run 2 data, covering in particular heavy
flavour production in nuclear collisions over a wide Feynman-z range and light
particle production of particular interest to cosmic ray physics. The increase in
luminosity and extension of the choice of target material, which are being pursued

https://cds.cern.ch/record/26736%90/files/LHCB-TDR-020.pdf for Run 3, open many new possibiliies which are reviewed in this document. https://cds.cern.ch/record/2653780?In=en

LHCb-PUB-2018-015

‘«) 04/12/2018

@

The SMOG2 unpolarized gas target is not only
a very interesting project itself, but provides
an ideal test-bench for the R&D for ifs

upgrade —> the polarized farget S pl n Marco Santimaria’s talk
Wednesday 2.6
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Conclusions

o The SMOG2 project Is unigue, not only in the LHC panorama

o The R&D and validation process have been complex but all the relevant aspects, wrt LHC and
LHCb, have been studied in details

o The SMOG2 storage cell has been installed and is ready for the LHC Run 3

o The GFS is in its final phase (calibration and installation)

opportunity for a laboratory for QCD and asfroparticle in
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