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Fixed-target physics at LHCb

e Strength points of FT @ LHCb: 0.05 Sy £

)
©
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e Fully instrumented detector in 2<n<5 Py m
o) —
e Optimised for b- and c-hadron detection, but s-hadrons are < 004 )
also well reconstructed and abundantly produced é 0.035 i“\
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e Excellent momentum resolution: 6,/lp=0.5-1.0% (p € [2,200] GeV) g 0.03 §
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e Excellent particle identification with RICH+CALO+MUON, B o0nsk 80 :
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: 40 L1
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https://cds.cern.ch/record/2804589
https://cds.cern.ch/record/1624074?ln=en

The SMOGZ gas storage cell

e SMOGZ2: High density gas storage cell installed for Run 3

e Tnjected gas has a negligible impact on the beam
lifetime: P ~2000 days , A" ~500 h

beam—gas Tbeam—gas

e Luminosity precision at the percent level thanks to new
Gas Feed System and temperature probes

e Took data with He,Ne , Ar,H, , to be tested: D, N,, O, Kr,Xe

e Demonstrated simultaneous and efficient data-taking!
(2022 data shown below)

e 18 minutes of 1njection test

-
-

LHCb preliminary
2022
sy =113 GeV p Ar

TRCH

W W
N
-

Candidates
(W)}
o
T

< E

b -
- S L F -
T > — T
Q D) - Q
e — Run3 commissioning —IH|-| 2 OO :_ _IHI'I
o ey Preliminary =~ O o )
4004 . = — m 2
z R S ~ 250 N, =443+26 20
005 m \gg - ad b
2005 N = 200 —¢- Data S
= — N - . N
100 W =) 150 — Fit W
0 S §= : —Jly— uut S
600 = 8 100 /I &k - Background o

.........
TS B i T
——

£

"i" | BRI A

v

3000

)
-
RERERR

1 N N
3400 3600 3800

Mu—u*) [MeV/c?
COMAP 2024 Marco Santimaria ('u H ) [ ] 3/14

I
3200


https://cds.cern.ch/record/2845444?ln=en
https://cds.cern.ch/record/2859158

LHCspin: the Polarised Gas Target

¢ [HCspin 1s the natural evolution of our FT program towards
spin physics

® Drawing: cylindrical target cell with L=20cm and D=1 cm
(SMOG2 dimensions) and modified VELO flange

e |HCb simulations show broader kinematic acceptance & better
reconstruction efficiency when the cell 1s close to the VELO

¢ Qur new fully-software trigger gives flexibility & room for
improvement e.g. better reconstruction algorithms, dedicated
trigger lines.. this 1s already ongoing for the Run 3
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J/¥ — u’u- reconstruction efficiency vs cell position
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Kinematic coverage

Large CM boost — large x, values
2%V =S = —30=Zyeys <0

Vs = \/2mNEp =115 GeV

VS e " —

2mp

7 TeV

YCMS=="3

e FUll LHCb simulations for pH collisions at /s =115 GeV. Using x, = 2E;/,/syy sinh(y*) with E2 = M?+ P2

e Actual SMOGZ2 region [-560,—360] mm as a reference, [-670,—470] mm a possible solution to fit the LHCspin setup

e The kinematic coverage depends on the cell position — p, slightly affected, x range shrinks when moving upstream

: SMOGZ2
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xz ranges for various channels
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e c-hadrons will have the

largest product of cross

section and reconstruction

efficiency

e Only a small portion of the
expected statistics 1s shown:
can well cover high-x values

(see next slide)

— unique opportunity to

probe gluon TMDs over a broad
X range with several probes!

More on the physics case 1n

the — talk by lLuciano

g c,b

S
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https://indico.cern.ch/event/1384105/contributions/5943056/

Expected y1ields

e Using early SMOGZ performance, we can estimate the
expected yield at LHCspin for p-H collisions with
$=65%x10"°s"! - 9=3.7x%x10%/cm?

e 120-week Run with 84 h / week of data-taking

® This 1s the number of fully-reconstructed and
selected events based on 2022 detector performance
(commissioning)

e Here considering Run 3 beam : rates are further

enhanced during HL-LHC

e Extremely large data sample for heavy flavours

e Also, with a few thousands of di-J/w events we could

measure the gluon Siverslﬁf , transversity h$ and

pretzelosity A

¢ Unique 1n FT! Challenging, but specific lines can be
developed already in the Run 3 (unpolarised gas)

[PLB 784 (2018) 217-222] [J. Bor @ DESY 2023]

COMAP 2024

Channel Events / week | Total yield
J/p — putp~ (1.3 x 10! ! 1.5 x 10
D° — K—nt 6.5 x 107 7.8 x 10°
V(28) — put 2.3 x 10° 2.8 x 107
J/WJ /Y — pTuptu~ (DPS) 8.5 1.0 x 103
[ T/ T/ — pTu~ptu~ (SPS) 2.5 x 10° 3.1 x 10°
" Drell Yan (6 < M,,, <9 GeV) 7.4 x 10° 8.8 x 10°
« T — putp 5.6 x 102 6.7 x 10°
AT — pK— 7t 1.3 x 109 1.5 x 108

What about a jet target?

® The alternative to the cell 1s a jet target which would
provide lower density (= 1/40) but higher polarisation
degree

® 0.

) © 1012 cm™ but P~ 90% with very small systematic error

e PRO: precision measurements on high-statistics channels

e CON: Makes kinematic binning and rare channels harder

Marco Santimaria 7/14


https://arxiv.org/abs/1710.01684
https://indico.desy.de/event/41404/contributions/156389/attachments/87509/116912/Presentation%20DESY%202023%20Jelle%20Bor.pdf

Comparing J/iy — utu-

PHENIX: 2000 and 2008 data
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0.2
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https://cds.cern.ch/record/2859158
https://iopscience.iop.org/article/10.1088/1742-6596/678/1/012050
https://iopscience.iop.org/article/10.1088/1742-6596/678/1/012050

Polarised Drell-Yan

e Kinematics @ LHCspin (~30k events) and mass
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® Projections of polarised DY with 10 fb~! of
data from [ArXiv:1807.00603]

0-1""I""I""I'"'I""I""I""I""I""

4<M. <9 GeV/c? B
0.05F dM = 0.5 GeV/c® pp Vs =115GeV

—02F
~eff. pol. P =0.8
_025'....I....I....I....I....I....I....I....I....'
“0 0.1 02 03 04 05 06 07 08 09

x|

® Precise measurements but also unique features:

e Verify the sign change of the Sivers TMD in DY
wrt SIDIS:

fi(x k)oY = —f;,(x, k)siDIS

e + 1sospin effect with polarised deuterium

Santimaria 9/14


https://arxiv.org/abs/1807.00603

Expected precision on A,

e Convert the expected rate into the
uncertainty on a TSSA at LHCspin:

1 NT—NY |
Ay = - AAX
P N1+ N \/ION?

e AA, showed for different polarisation degrees
on two scenarios: small asymmetry A =2%
(left) and large asymmetry A=10% (right)

m’@% minutes of data-taking / polarity [gas=H, 8 =3.7e + 13 cm~?]
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Scenario: A=2%

0.030 - P=1.00+0.00 (Ay = 0.02)

I_ C —— P=0.90+0.01 (Ay = 0.02)

spin P=0.70+0.07 (Ay = 0.03)

0.025 1, —— P=0.70+0.20 (Ay = 0.03)
0.020 -

AAy

0.015 ~

0.010 A

0.005 -

10000 20000 30000 40000 50000
Reconstructed J/y—»u ™ u~ events / polarity
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e Systematic limit from P reached after few minutes

for Jiy — utu=: precision TSSA measurements
possible with very short pH' runs!

e Cell target example: P=0.70+0.07, 0 =3.7x10"/cm?
(used 1n the plots)

e Jet target example: P=090=+0.01, 6~ 10"%/cm?

minutes of data-taking / polarity [gas=H, 6 = 3.7e + 13 cm~?]
2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

0.05 - \
0.04 -
Scenario: A=10%

0.03 - P=1.00%0.00 (Ay = 0.10)

f I_ C — P=0.90+0.01 (Ay = 0.11)
spin P=0.70£0.07 (Ay = 0.14)

0.02 - —— P=0.70%0.20 (Ay = 0.14)

0.01 -

0.00 - | | | | |

10000 20000 30000 40000 50000

Reconstructed J/y—»u* u~ events / polarity
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An example measurement: GSF [JHEP 12 (2020) 010]

® GLluon Stivers Function (GSF) can be probed with e This can easily be measured with LHCspin!

quarkonia and open heavy-flavour production e L[HCb simulations + emulate the polarisation

e Broad x range at a scale MT:\/M2+p% with according to a given model and fit the resulting
pseudo-data

® Ay ~0.1+£0.01 with 4x.x2p,x8¢ bins on J/¥ - utu-

several unique probes: #. x. x, Jlwlly ..

e A, predictions on J/¥ - u*u~ with LHCspin

kinematics: ® AP=5%, negligible 1n this example
pp' =]/ + X TSSAon J/¥ — u'u-
0.8 l— T T T T T T T > — Xz / ndf 1.891/6
/t Vs=115GeV _ g€ 092 Cell position [-670,-470] mm a 0.08489 = 0.01049
0.6 [ Pr=3Gev 1 — S N = 55828 events a2 0.01476 = 0.011
o E é < - xp €[-0.30,-0.10] L+l
---------------- - 0.1— p.. €[1500,6000] MeV \
T 1 B — i\ - spin
0.2 15U I SR __‘ N — ~ S
. 1 I~ 0.05[— S
Z - -
0 e N s - N ST SN
I ] % O~ . e AT TS
02 1 L =
I CGINRQCD f-type S -0.05[—
04 L CGI NRQCD d-type 1 =
T CGINRQCD quark -~ 1 IS _01—
06 F CGI CSM f-type ,'j - — Total
VO GPM NRQCD 1 = il -~ asin(®
: BK11 GPM CSM - -0.15 - a1s1.n( )
0.8 . | . | . | . | ! | . - -= a,8in(2P)
_0'3 _0'2 _0.1 0 0.1 0.2 0.3 _02 : | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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https://arxiv.org/abs/2007.07755
https://arxiv.org/abs/2007.03353

Interaction Region 4: possibilities 1/2

® The IR4 setup will be in-between an R&D setup for LHCspin and an actual detector. This activity would be parallel
to LHCb and open to external members. See — talk by Pasquale

e The focus will be on polarimetry and beam interactions, but can we do some physics measurements? Simple
considerations here

Momentum resolution vs spectrometer length

12

| |
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Spectrometer length (m)

— can achieve < 1 % resolution within a few meters of lever arm (depending on space constraints) for momenta
up to a few GeV and N = 10 hit measurements

note: the single hit resolution of the prototype sciFi modules already installed at IR4 1s around 150 ym
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https://indico.cern.ch/event/1384105/contributions/5943067/

Interaction Region 4: possibilities 2/2

— 1f op/lp=1% then ém~ 40 MeV at the
Jly mass

e Neglecting errors from B knowledge,
tracker alignment and the MS (which
1f equal to the spatial contribution
means ém =~ 56 MeV)

Particle Identification?

e muons: 3-5 layers of gas chambers w
iron walls to filter muons. E.g. from
M1 removal at LHCb (2018):

® GEMs with pad size 1 x 2.5 cm
e MWPCs with pad size 2 x 5 cm

e hadrons: time resolution for 3¢ 7—-K
resolution with TOF

® p~1GeV - oc,=0(100) ps (can)
® p~3GeV - oc,=0(10) ps (cannot)

COMAP 2024
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Conclusions

e The FT program at LHCb 1s active since Run 2, now greatly enric
e SMOGZ2 early results demonstrate simultaneous beam-gas and beam-
e |HCspin 1s the natural evolution to extend SMOGZ and to bring s

e Vast physics program with both unpolarised and polarised gases,
states (only a few examples shown)

e High degree of complementarity with existing facilities & EIC

ned with the SMOGZ2 cell for Run 3

peam data-taking with excellent performance

n1in physics for the first time at the LHC

with plenty of observables & unique final

e A simple setup at IR4 can be a good starting point for the R&D and possibly to make interesting measurements,

get 1n touch 1f you’re interested!
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