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LHCb: fixed-target geometry installed at a collider

HCAL
; [/ SPIVPS M3
/ Magnet RICH2 ) :

M4 M5 A

The LHC pp collisions are the most

intense b-quark source on Earth.

LHCb is the LHC experiment
originally designed for

heavy flavour physics.

Today considered a “general
purpose detector” in the forward
region.

To enhance acceptance for heavy P
hadrons (with b and ¢ quarks), TS
LHCb has a “forward” geometry

" Linac2
Linacd

LHCb MC
is =8 TeV

customary at fixed-target
experiments.
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LHCb: fixed-target geometry installed at a collider
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Best luminosity measurement with beam-gas collisions

“pump” valve Flow to VELO  Pirani gauge

The uncertainty on the integrated
luminosity affects all production

Evacuate and

measurements in pp collisions: precision leak detector

“fill” valve
PV501

on the lumi measurement is important!

High pressure

H restriction = Piezo gauge
The SMOG (System for Measuring the i ‘ B
H “bypass” valve wl}gunfl’;%wre
Overlap With Gas) system was PVS02 *

introduced in LHCb as a complement to

“HP"” valve
Van der Meer scans.
To high pressure
Neon bottle
The collisions of protons with noble
.. . . 2014 JINST 9 P12005
gases injected in the beam-pipe allows

ex Locator

K
3D reconstruction of the beams. Mﬂﬂ‘]

d

Uncertainty combining the two methods:

1.12% y
Best luminosity measurement achieved at a “bunched” collider. &
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System  Duration /SNN Protons on target

Physics with SMOG pHe 7h 110 GeV 2% 107

pNe 12h 110 GeV Lain
SMOG collisions became interesting pAr 17h 110 GeV 4x%10+
. 20
also for nuclear physics: pAr 11h 69 GeV 2x10
r e X
PbA 100h 69 GeV 2x10%
. . 21
» intermediate energy between SPS pHe 18h 110 GeV 3X1022
pHe 87h 87 GeV 4x10
and LHC Vs = [69, 115] GeV
- . : T T o >
> Variety of gases injectable in the 3 QQQs Uit
beam pipe S wf N N
E 60 3\
Exploits bunch crossings with a filled bunch in beam 1 (towards é 40;—
LHCb) and an empty bunch in beam 2: beam-empty collisions. © uf
g 3100 , ) % Vi)
LHCb-CONF-2017-001 LHCb-CONF-2017-001 o
0 TigooE <
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73] w0 - Cp ~ + -
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JCAP 1509 (2015) no.09, 023

¢ PAMELA 2012
¢ AMS-02 2015

Antiprotons from cosmos 103

A measurement of the antiproton component of

cosmic rays was recently achieved by AMS-02 .

e:‘-.
[PRL117,091103 (2016)]. ;a
. . . 1073 _ 4 — Fiducial
It confirms the earlier observations from PAMELA . Uncertainty from: mss Cross-sections
! Propagation
[Nature 458 (2009) 607-609]. it o
Solar modulation
106 — e
BSM models describing the annihilation of ! mnetienﬁgﬂ[@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 (INFN Firenze) May 22nd Measuring o(p He — B X) with LHCb al CERN NI


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 'PQCD17 - Pollenzo

H = JCAP 1509 (2015) no.09, 023
Antig 102 S
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%, 2018
O

m Direct access to protons in the most interesting energy region

collisions at lower energies.
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5 hour datataking with Helium in the beam-pipe

When: May 2016

How long: 5 ore

SPD/PS

Energy: s =110 GeV gcar, HOAL Ma M5\ e -

Magnet

Trigger: Minimum Bias (& = 100%)

K
........

S S, K, T,
3

--------------

Fiducial region
for pHe collisions

(80 cm)
el
= 55 Bosvank s - . - 0.8 RICH1 RICH2
5 TE o7 _2<n<44 3<n<5
=~ 3B " pthr.=18 GeV p thr. = 30 GeV
o i 06 Kthr. =10 GeV K thr. = 16 GeV
4 g-i > 4 Acceptance N
] |5 (of tracking and RICH systems)
. = o
| = =
: ; B 12 < p < 110 GeV/c
0.5 Fr=s= : T LHCD Preliminary 0 1 =
0 X 1 M i A 1 A A N 1 s A = 16
20 20 60 80 100 4 GeV/e
p [GeV/c] - Pr > 0.4G V/

LHCb-CONF-2017-002 . y,
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Antiproton identification with Cherenkov radiation

= Er. J.C /3 ?431 220 Likelihood for the three mass hypotheses (77, Kand p) is
° ’ *
g 200 computed from the Cherenkov photons produced in the
= 180 two RICH detectors.
E 160
.E ::2 All the other likelihoods are referred to the pion hypothesis
5 w00 and expressed as log: differential log likelihoods.
5 80
60
? 40 Pion hypothesis Kaon hypothesis
RICH1 A
0.015 A M | L A PR S B S | 0
10 10? Anti-proton
Momentum (GeV/c) hyp oi)h .
Eur. Phys. J. C 73 (2013) 2431 .
% AT rTrec o v r 1 v
E ; LHCb o 0O ALL(p-K)=0 :
© - \s =7 TeV Data e ®m ALL(p-K)>5
EI 1 z ﬂ_,mo_mv-’{m HOIHAS IO IO i ol
0.8 mo”"’ 0""0..- MM+H++ e b
) o --I. P—=P + :: \\{'
o6f . L
by = "| i’
0.4 W _
- -\;‘\_ /I_G,J
" Smra

20 40 60 80 100 .
Momentum (MeV/c)
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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.
LHCb-PUB-2016-005_

, 250000
= LHCD
.. o LHCb-PUB-2016-005_ LHCb-CONF-2017-002 _ _ z ;
':\iu; LHCD B EZOU: — — T————T—T——T —] 1sof Template for p 1suf Template for & 0 200000 |- B;;_}K[zggf _-
g | . .1 Tisof LHCb Preliminary _® at 3] [ ’
= 30000 s ] Gk 5 : 150000
= [ j ] 3 r
P a SOF k :
= 20000 oF % 100000 |
% i -s0F O
S Joooo | -100F 50000
I —1502— 7
e T 20055 0 184 186 188 190
- 5 ) 1 {—ar" 7f 2
m(mm) [R-Ie\f/cz} be o . . : . ‘ : ' m(K~7") [GE\ /e }
SeE " 3 o ®F Lo - = o, 25000 ——— —
— wf reliminary = 5 F Preliminary E E o
.., s ~LHCb-PUB-2016-005 5 | TR ] B = 7 LHCb ]
;;: : g ) 3 s 1 = 20000 fi—5 BrR .
= 40000 g F 3 ok g r i
= | 5 S f 1< i
S}%@ooo} 1 = 25 7 S § | . “:5 5000
jz“ 000; ] DLL (p-m) DLL (p-K) ;: — :_LHCb-PUB-2016-005 1
™ ok 1 Systematic uncertainty from the comparison © ' O :
; i . . 5000 s
; | of the results with different templates. : 5
1100 1110 1120 1130 o/ ° e . L i T < PL I s TR
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Total number of antiprotons

Units 10?
LHCb-CONF-2017-002
r 1 / T Pl T T = 1 T T V
“é-?- ~ - ~ e A 01 02 /0; ~%2 03 03 03 A1 03
"~ _ _ o =
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T 1327961 173 156 Js6" 159 153 13.;)1/106 109 90 63 4 i
A0 212 213 99 175 156 Jas” 119 138 122 ge )
212 -n{
~ .
LHCDb Preliminary T
1 1 ¥ 1 1

10
p [GeV/c]

15
10
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Residual Vacuum Background

. '3 ";] View Fle Info of < 2015-09-02_16h07_inection_he 3top. gv32dose.sac » g‘
E-nr-"’(:::“'f"“ i .:t:'dilinnal Information
Emm, e e B :
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H; Screenshotofa | — oo T =
. " _ ” _ . o8 ".} : ' E T Delete All Names | Delete All Values |
Dedicated "no-gas” data-takingto " / | typical spectrum | = "
study the collisions of the proton M| | forapHerun | &,
. ) i e : :
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Luminosity and normalization

[ Cross-section o(pHe — pX)

4 Observed dNﬁ dN (beam) ~N

antiprotons — = (0= pg X — Number of protons of the

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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Luminosity and normalization

[ Cross-section o(pHe — pX)

4 Observed dNﬁ dN (beam) ~N

antiprotons — = (0= pg X — Number of protons of the

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

Event 82083147
Run 174630
Tue, 17 May 2016 18:47:09

Theoretical cross-section of elastic pe scattering
known with great precision.
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Background to the normalization channel

__LHCb-CONF-2017-002

. , S g0 iminary 3
Gamma conversions in the detector E: Bt LHCh Srelunitny: 2
o E
material and soft pion pairs & 7000 o E
= 6000 —_ — Simulation of single e -
produced in diffractive pp collisions £ 5000 _ —— ¢ candidates -
o . .. S 4000 T B = =55 3
can mimic the elastic scattering if the - Rt e diecn E
[F] T e 3
. . b R =
negative leg is lost. & 2000 = e PSS
S 1000 = -
5 10 15 20
However, both processes are I SPD ke
charge-symmetric: observed " , | P | |
) o > 000 |- %5 LHCb Preliminary % asp0f ++*F+ LHCb Preliminary -
single-positive-track events are used 2, * I 12 ) :
§ E o ¢ candidates oy 200 E
to subtract the background. gaoof - i Eiswf g E
2 2000 |- = —+— e* candidates % - * e, W ]
'-"CS E ‘h\';-— E mﬂ{]? --.-.'I "ﬁ a— h—w‘f
Excellent agreement with the £ 1000 e 1 & sof s 4
- o= ] - F 3
simulation is achieved. 5000 10000 p[ME\}?{[:I}]m 0 — p,t_lfl"rf,’mwc]
3] F T T n =2 1R00F T R T =
The |u minosity 5‘; 3000 g... ft LHCb Prcltrninar)—'_.i E 1600 ##H::; LHCb Preliminary 3
- S ] i oo 3
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- 159 § 9 ;
£=0443+0.011£0.027nb " o 4 oo | fror 1} _
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good agreement with SMOG design.
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Budget of the uncertainties on o (p He — p X)

Number of antiprotons and PID samples \é\' 0.7 - 10.8% (< 3% for most bins)

Normalization (number of scattered e’) 2.5%

Normalization (reconstruction)

Selection 0.3%
o
Primary vertex reconstruction %& A \o"" 0.8 %
. S
Track reconstruction N 2.2%
O @
O 9
Residual vacuum background "5\ 0.1%
Hyperon background 0.3-0.7%
Track reconstruction > 3.2%
o ¥ o
Selection (impact parameter) 0. O 1.0%
< X
L o
Antiproton identification Oé 0(0 0-26% (< 10% for most bins)
NP~
Statistics of the simulated samples ) (94? 0.8 -15% (< 4% for p.<2 GeV/c)
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Total uncertainty, bin by bin (%)

LHCb-CONF-2017-002
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Results

Prompt antiproton
production
cross-section.

Total inelastic
cross-section

LHCbh _

ot P = (140 £ 10) mb

slightly exceeding the
EPOS prediction:

118 mb

The ratio is

1.19 + 0.08

Lucio Anderlini (INFN Firenze)

d’o(pX)/dpdp_. [ub c¢*/GeV?]

ik
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T R wer
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ID_”

—Predictions: EPOS
P N T S (N S S

LHCb Preliminary

LHC

IU—I‘;
0

3 y
P, |GeV/c]

@ = 107 x {120 <p < 140 GeVic)
- 10" x(14.0 <p <162 GeVic)

ik -

107 x (16,2 <p < 18.7 GeVic)

&= 107 x(18.7 <p<214 GeVic)
&= 10" x(21.4 <p<244 GeVic)

107 x (24 4 <p <27.7 GeVic)
a= 10%x(27.7 <p <314 GeVic)
4= 107 x(314<p<355 GeVic)

107 x (35.5 <p <400 GeVie)
w= 10 x (40.0 < p <45.0 GeVic)
= 107" x (45.0 < p < 50.5 GeVic)
# = 10" x (50,5 < p<356.7GeVic)
oo 101 x (56.7 <p <635 GeVic)

10" x (63.5 <p < 71.0 GeV/c)

10 x (710 <p<79.3 GeVic)
- 107 x(79.3 <p <885 GeVic)
A= 107" x(88.5 <p=<98.7GeVic)
¥~ 10" x(98.7<p<110.0 GeV/ic
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Outlook

On the antiproton production

® analyse the LHC data at 4 TeV
(already taken)

e determine the production of
antiprotons from hyperons

(measuring at least A° production)

100 prr—r—r—r—
stimata al (2.6 + 0.6) % in the s%E LHCb VELO
current analysis. 80

More to come from the
LHCb-as-a-fixed-target-experiment
experiment

1P, resolution [um]
=

IIIIIIIllllflll]lllllIllllllllllllllllllll

e particle/anti-particle ratio ——2012 data, 6=11.6+234/p_

. 10 —=— Simulation,c = 11.6 + 22.6/p
® charm, charmonia 05...,..........1.........1...T.
0 0.5 1 15 2 25 3
o ... lp. [GeV ']
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Conclusion

The SMOG system for the luminosity measurement opened to new
opportunities for studying proton-gas collision physics at the LHC energy

LHCb can study the pHe collisions emulating the collisions of primary
cosmic rays with interstellar medium.

The measurement of the antiproton production cross-section in pHe
collisions is an unexpected contribution from LHCb to the cosmic ray
physics.

We are grateful to O. Adriani, L. Bonechi, F. Donato, and A. Tricomi for
having proposed and discussed with us this measurement!

The new information on the secondary production of antiprotons will
reduce significantly the uncertainties on the predictions for the p/p ratio
in cosmic rays.
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