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IJMPA 30 (2015) 1530022

The LHCb detector: designed for heavy flavour physics

Single arm spectrometer, fully instrumentedin2<7n <5 —_— , mmmm hadron PID
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Excellent vertex, IP and decay time
resolution

Very good momentum resolution

Excellent particle identification

15m 20m Z

SMOG. 4 system for measuring overlap with gas
Injecting gas in LHCb VELO region

> Designed to improve the luminosity measurement
> Exploited today also as an internal gas target
> Allows measurements p-gas and ion-gas collisions
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I EPs-HEP 2017 (July 6th) - Venice
Fixed-target mode. Motivation and data-taking

> An interesting intermediate region of \/sNN between 20 (SPS) and 200 GeV (RHIC)

> Access the large Bjorken-x region of the target (backward rapidity)
> Conditions emulating CR collisions with atmosphere, and the interstellar medium
= Test intrinsic-charm in the proton Vs, between 90 and 110 Vs, 69 GeV
C— By — S/
P Ar g Ar
System Duration CMS energy Protons on target
2015
pHe 7h 110 GeV 2x1021
pNe 12h 110 GeV 1x1021
pAr 17h 110 GeV 4x1022
pAr 11h 69 GeV 2x102°
PbAr (To be analyzed) 100h 69 GeV 2x10°°
2016
_ pHe _ 18h 110 GeV 3x10%
pHe (to be analyzed) 87h 87 GeV 4x10?2

Presented today:
> Results on heavy flavour production in pAr collisions at Vs = 110 Ge\V (LHCb-CONF-2017-001)
> Results on anti-proton production in pHe collisions at Vs = 110 GeV (LHCb-CONF-2017-002)
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Heavy flavour production in pAr collisions
in fixed target mode

based on LHCb-CONF-2017-001
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Heavy Flavour Production in pAr collisions

o A “thermometer for QGP” in ion-ion collisions
> proton-ion collisions, with different ions, is the baseline: cold nuclear matter

So far from LHCb: abundant and pure J/y and D° signal.
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Used to measure the efficiency-corrected yields in bins of p_and 7.
Luminosity measurement for absolute cross-section determination is on the way.
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Comparison of J/y spectra with NRQCD predictions
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Comparison of D% spectra with NRQCD prediction

Larger statistics and hadronic final state

makes systematic uncertainty
non-negligible.

Inner error bars represent the statistical

uncertainty.

Source of uncertainties Dy

Corr. between bins

Signal selection 2.2%
Signal extraction 2.3%
Uncorr. between bins
MC smaple (1.0-1.9)%
Tracking (2.7-3.4)%
PID (4.1-8.8)%
Stat. uncertainties (0.7—3.7)%

D p;

2.2%
2.7%

(1.0-1.5)%
(2.8-3.6)%
(4.8 - 6.9)%
(0.6 —3.4)%
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Ratio of corrected yields: or relative cross-section
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No significant dependence of the ratio in rapidity.
While J/y production increases faster with P,
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Outlook on heavy flavours

LHCb-CONF-2017-001

More to come with other runs and other heavy hadrons.

Candidates / (10 MeV/ ¢?)

Candidates / (5 MeV/ ¢?)

LHCb preliminary
\s =110 GeV par

D; 5K K =

TR L e el

| M M
129E0 1960

L
2000 2020 2040

m( K K ) [MeV/c?]

LHCb preliminary
Vs =110 GeV phAr

Ay —=pK w

e g
=l U
L = F LHCb preliminary = f
LHCDL prafiminary %250_— 8 =110 GeV pAr 2D 4pof—
\"sNN=BT GeV pHe = r = -
+ - ~1000 o - ~130
oo D* - K n*n* O gl
& r s I
B1sol- § of
g g
8101::— E a0
se: -]
: R ] PR P
3 500 0 Em Taz 7840 1860 184D 1900 1920 1840 1900 1820 1940
+ ot
m{wt 1) [MeV/e?] m(K m+ ) [MeV/c?]
R o ek
R = . = F
LHCb preliminary = anof- : LHCb preliminary g
\Sun = 87 GeV pHe = f #,  Vs=T10GeVpAr 2
N F‘—-SSOE_ . 3 50:— ~50
ﬁam:— D* =D = of
';,'25[:;— ﬁ e
@ = o B
o oo % HE
o F 2 I
g‘” £y S =f
(O T e aaa s L 2.2 - SN P Wy
- 1o
sof~ o
P NP . ! 1 PR il o | bl - -
1900 1920 1940 9555 1aso  am  moon  ooed | 20D ZoA0 2060 LS

CAE W MO S [ L A PO U [T G S
1800 1820 1840 1860 1880

m(K™ «*) [MeV/c?]

Lucio Anderlini (Istituto Nazionale di Fisica Nucleare - Sezione di Firenze)

m(D" *) [MeV/c3]

2280

L | M
2300

2320 2340 2360
]

mip K ) [MeV/c

July 2017 Fixed target physics at LHCb



https://cds.cern.ch/record/2255650?ln=en
https://cds.cern.ch/record/2255650?ln=en

Anti-proton production in pHe collisions
at Vs = 110 GeV

based on LHCb-CONF-2017-001
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JCAP 1509 (2015) no.09, 023

Anti-protons from cosmos 1073

¢ PAMELA 2012
¢ AMS-02 2015

A measurement of the antiproton component of

cosmic rays was recently achieved by AMS-02 . S

[PRL 117, 091103 (2016)]. *Z

It confirms the earlier observations from PAMELA 10_5__}:.‘_' | Uncertainty from: mmm gﬁﬁgimm
[Nature 458 (2009) 607-609]. — E{:ﬁﬁ%ﬁ’é}?
BSM models describing the annihilation of N ! Iﬁnetienﬁgﬂ[(}e%% 100

dark-matter predict an increase in the flux of
antiprotons at high energy [link].

The uncertainties are dominated by component of
antiprotons produced in the collisions of primaries
(protons) with interstellar matter (H and He).

Antiproton production cross-section in pHe
collision was never measured.

The available prediction are based on p-H and p-C oo X
collisions at lower energies.

Lucio Anderlini (Istituto Nazionale di Fisica Nucleare - Sezione di Firenze) July 2017 Fixed target physics at LHCb


http://link.aps.org/doi/10.1103/PhysRevLett.117.091103
https://inspirehep.net/record/800801?ln=it
https://agenda.infn.it/getFile.py/access?contribId=13&resId=0&materialId=slides&confId=9191
https://inspirehep.net/record/1360262?ln=it
https://inspirehep.net/record/1360262?ln=it

I EPs-HEP 2017 (July 6th) - Venice

Anti- " 10-3 JCAP 1509 (2015) no.09, 023
A me
COS . '
A new i1dea!
[PRL
m After the talk of F. Donato yesterday a new idea came to my
It co mind
[Nat m The SMOG system has already been tested in 2012 in LHCb
m Injection of noble gas atoms inside the beam pipe to:
BSM m Measure the beam profile
dark m Measure the luminosity
antip m Why don’t use SMOG to measure cross section relevant for
Cosmic Ray Physics???
The m P-He->Antiprotons+X

antip m We could make use of ‘perfect’ Particle Identification
(prot Detectors

m We could make use of the highest possible energies
Antiy

collis

T h e Cosmic rays and accelerators: future Cortona, April 21%,
O

m Direct access to protons in the most interesting energy region

collisions at lower energies.
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Antiproton identification with Cherenkov radiation

0 2431 220 Likelihood for the three mass hypotheses (77, Kand p) is
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E 160
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Antiproton identification with Cherenkov radiation

Negative tracks are statistically compared to template distributions of
background-subtracted samples of pions, kaons and antiprotons

collected in pp and pHe collisions and simulation.
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Total number of antiprotons

Units 10°
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Luminosity and normalization

[ Cross-section o(pHe — pX)

4 Observed dNﬁ dN (beam) ~N

antiprotons - - — g Number of protons of the
pPE X T i

in a 5-hour N
run dt dt LHC traversing the gas

target in a 5-hour run.
Gas density.

Known up to large
uncertainties.
Order 107 mbar

-

J

Target length (80 cm) ]

To avoid uncertainties from gas density, use a normalization channel: elastic pe scattering

dNy 05 dNe- [

Run 174630
— Tue, 17 May 2016 18:47:09

dt o.— dt

Theoretical cross-section of elastic pe scattering
known with great precision. k
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LHCb-CONF-2017-002
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Conclusive remarks
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Dawning of a new way to see the LHCb detector

> Beam-gas collisions provide a very interesting
system to study mid-energy proton-ion and ion-ion
collisions for various targets and energies.

> Several production studies are ongoing to test Cold
Nuclear Matter effects

= Alink between cosmic-ray physics and HEP was
clearly established with the anti-proton
cross-section determination

> LHCb is evaluating several proposals to upgrade the
SMOG system during LS2 (2019) or LS3 (2024).
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SMOG. System for Measuring Overlap with Gas

Injecting gas in LHCb VELO region .

2> Designed to improve the luminosity <~

e

measurement 7

7

> Exploited today also as an intérnal gas target
o Allows measurements p-gas and ion-gas
collisions .
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Noble gas only:

(limit chemical reactivity)

v Helium A =4
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v’ Argon 40
v Kripton 84
v Xenon 131
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A wide physics programme.
The fixed-target configuration allows to access

> An interesting intermediate region of \/SNN between 20 (SPS) and 200 GeV (RHIC)
> The large Bjorken-x region of the target (backward rapidity)

> Conditions emulating cosmic rays collisions with atmosphere, and the interstellar
medium .
. . . . '\““10 _-_I'FI LELEL L Tryh L L L | L T Ty T L
> Test intrinsic-charm in the proton 2 -
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JINST 3 (2008) S08005

5 hour datataking with Helium in the beam-pipe

When: May 2016

How long: 5 hours

Energy: s = 110 GeV
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