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The LHCDb experiment

LLHCD 1s the experiment devoted to heavy
flavours at the LHC.

Detector requirements: ] g ==

Forward geometry to optimize acceptance | - = L 1
for bb pairs: 2 < 1) < 5 Lo el

Tracking : optimal resolution for proper| | &
time (~ 45 fs) and momentum (< 1%
for p < 200 GeV/c)

Particle ID : excellent capabilities to select
exclusive decays - L L L

Trigger : high flexibility and bandwidth T oaIoo15) 1530022
(I MHz at hardware level, up to 15 kHz
to disk)

M2
SPD/PS HCAL

—5m

Some unique features are also attractive for heavy 1on physics:
#® excellent detector performance, notably for heavy flavour
®» forward acceptance
#® possibility to run in fixed-target mode
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Key feature: detector performance and trigger

» Extreme vertexing performance and excellent PID: ideal to reconstruct heavy
flavour states, disentangling charm and beauty components
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Q400 Background 1 2 | = 350 o
@300k — Totdl 1 8w .300 sl
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# No rate limitations from trigger and DAQ for heavy 1on runs:
» large samples of MB events
» heavy flavour triggers with low pr thresholds (~ 1 GeV)
A\ tracking saturates for most central PbPb collisions
= [_LHCb more suited for small collision systems (pA collisions)
crucial environment to understand cold nuclear matter effects and collectivity
in small systems
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Key feature: forward acceptance

. 107 e —— . . .
#® Unique forward coverage at LHC <w Otter Collision Svarerms
LHCDH LHCDH 110 GeV
— ALICE 10°% TAS/CMS W HERA
[ . [ ALICE
10°¢ ALICE Muon
-10 -8 -6 -4 -2 0 2 4 6 8 10
ATLAS z
D103k e & ,
. o _- . B hadron PID . RO
M muon system 2|
08 6 4 2 0 2 4 ¢ 8 ;‘10 s lumi counters o
CMS+TOTEM M HCAL Lol ]
 ECAL >
N b
107° 073 10" 03 i 0=t I
-10 -8 -6 -4 -2 0 2 4 6 8 10 &
n >& [T
LHCb © 45y /DY pPb (5 = 5.02 Tev
40 -8 6 4 2 0 2 4 6 8 10 1W ‘%‘:{&%@
n N -
L _ QIR ]
® Sensitivity to small 2 (down to ~ 107?) 08l ﬁ\_mmmmmmmm\\ -
= oluon saturation 0sf \“\5\5&\\3{&\ E
. . . - AN R\ \\ .
#® and to anti-shadowing region 04f- [N EPS00 \\\\\3
o, \Y ncTEQ15 B
# Rapidity dependence can disentangle nuclear effects b NVenergyloss ]
OIIIII\II\IIIIIIIIIIIIIIII\II\IIIIIIIIIII
(energy IOSS, COIIlOVeI'S, . .) 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 y5
#® Nicely complementing other LHC experiments Arleo and Peigné, Phys. Rev. D95 (2017) 011502
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Key feature: the SMOG system

“leed -target hke geometry very well suited for. . . fixed-target physics!

The System for Measuring Overlap with Gas (SMOG) al-
lows to inject small amount of noble gas in the LHC beam
pipe around (~ +20 m) the LHCb collision region.
Turns LHCD into a fixed-target experiment!

Possible targets: He, Ne, Ar, and more in the future
Typical pressure ~ 2 x 10" mbar

= Juminosity up to 10*°cm—2s~!

107

® Collisions at \/Sxx = /2Ebeam M, 106_%%%5')
41-110 GeV for Ebeam — 0.9 —06.5TeV =ﬁ€%§§/CMS

®» relative unexplored energy scale between SPS 107 ES5 ALICE Muon
and LHC experiments

® at /syy = 110 GeV, c.m. rapidity is S
. = 3
—2.8 < y* < 0.2 backward detector with S
access to large x value in target nucleon, 102

for different nuclear targets

» study nPDF in antishadowing/EMC region,
possible intrinsic heavy quark content in T B T T B V1 AN A T/ ST
nucleons c— &

(He,Ne, Ar...)
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pPb collisions
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pPb Data sets

Ion = 2083, Phb

Forward region:

* y* = yub— 0.465

s pPb:1.5<y< 4.0

Backward region:

* y*¥ == (yab * 0.465)

* Pbp:—-5.0<y<-2.

2013 data taking: vVsny = 5.02 TeV
* 1.1 nb~1 (Fwd), 0.5 nb~1 (Bwd)
2016 data taking: vVsny = 8.16 TeV
* 13.6 nb™! (Fwd), 20.8 nb~! (Bwd)
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JAb in pPb@8 TeV

PLB 774 (2017) 159

~ L B B ~ — '
o B T n —
§ 1200-6<p_<7GeVic LHCb . L% 10° -
© | -40<y*<-35 |§,=8.16TeV: Pop" < |
E 1000 —— J/ @-from-b-hadrons ] S r l
~— [ ---background + i @ 1035— !
D - — prompt J/ ¢ 1 -
% 8001 . g I
= i i 'g i
£ 600 . S0k
© | : Y
400 ] i f
B - 105_ II“
200/ . : | ” I'; i
oETEEE T e ek N - 1 ,|!.

3000 3050 3100 3150 3200

]
LHCb

[Sun=8.16 TeV: Php -

6 < p, <7 GeV/c
-40<y*<-35

o

M, [MeV/c?]

# Very clean sample,

# Measurement double differential in pr and rapidity

» Powerful probe of gluon PDF at low x

>
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, through pseudo-proper time

t. = (2 — zpv) X (M/p2) 3
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JAb in pPb: nuclear modification

PLB 774 (2017) 159

Prompt From b
1 1 — 1.75 s —= 0257 | —
# Strong suppression in 2P o g $ T qud e
forward direction g IO P =sa6wv] 850201yt
1.25F ] [ ]
» Clearly larger for ; o 1 ok | i*’ :
1.00 - - B 4 .
rompt J E A A : e
p p /ll) 0.75 ® ++ il ] 0.10 F # + ]
L .EB.'+' + ] i + '¢'_B} 1
0.50 ; Yo - : + ]
Rpr — Ao B 0< pr<14GeV/e ] {*} 0<pr<l14GeVie ]
i ooot——r o T 0.00 e,
R 0 5 =S5 0 5
Y '
o Compatible with 1n1t1a1—£20 2.0 [ —
= [ CIHELAC - Onia with EPSOOLO | 5~ [ [——JFONLL with EPSONLO
state (nPDF) effects X [ 7 HELAC-Onia with nCTEQI5 | = | 4 LHCb@.16TeV)
prompt: HELAC-onia (collinear fact.) - HELAC — Onia with EPSOSNLO 4 15k ]
Shao, Comp.Phys.Comm. 198 (2016) 238 L5 CGC 7] ~ 1
from-b: pQCD at FONLL [ 4 LHCb (8.16TeV) ] I

Cacciari et al, JHEP 05 (1998) 007 * ] i g
1.() ------------------------------------------ B 1.0 ooz e
» Good agreement with \\\\\\+§Q§%\*T*k$ 3 W :?%

(latest) CGC-model 0.5 =t 05}

prompt J/w, pPb J/y -from-b-hadrons, pPb |

pred1ct1on [ LHCH 15<y* <40 ] - LHCH 1.5 <y* < 4.0
Ducloué et al, PRD94 (2016) 074031 0.0 I B B ooL—m—r L
0 5 10 0 5 10
pr[GeV/c] pr[GeV/c]
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PLB 774 (2017) 159

Prompt From b

o) 2.0 — T T ] T T T [ T T T ] T T 1 ﬁ 2.0 et
S [JHELAC — Onia with EPSO9LO |1 & [ [_JFONLL with EPSOONLO
a3 - HELAC — Onia with nCTEQ15 1 R< I # LHCb (5TeV) ]
- . HELAC — Onia with EPSO9NLO - [ 4 LHCb (8.16TeV) ]
i Energy Loss | _
1.5F CGC ] LS 1
] # LHCb (5TeV) | i ]
s 4 LHCb (8.16TeV) i i i}
R e — 1 10 e S
: N : v .| :
0.5 B prompt J/y ! 0.5 i J/y -from-b-hadrons |
- 0<pr<14GeV/c . - 0<pr<14GeV/c .
I LHCb | [ LHCb

; ; ; | , , | | | | | | | | | 0.0 ] ] ] | ] ] ] | ] ] ] | ] ] ]

0050 25 00 25 50 250 —25 00 25 50

y* Y

» Rapidity dependence can also be explained by coherent energy loss
Arleo and Peigné, JHEP 03 (2013) 122
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JAb and P (2S) in pPb

JHEP 1603 (2016) 133

Prompt From b
& T e e S ET T e o wes ey
o C LHCb, t P(2S = )

@ 18F LHch E LHCb, E:Zﬂgt jJ/(qJ ) O 18F | Hcp B —H— LHCb, J/ @ from b ]
1.6f- PPD \Sw =5 Tev EPS09 LO 1'6;_ PP Sy =S TeV EPS09 LO _;
14'5,‘ EPS09 NLO 14F nDSqLO 3

i N nDSg LO n -
1.2% — Elos 1.2 3
1':'- ,Q‘//‘/////;“ N = E. loss+ EPS09 NLO : 12- |_E‘|E]_| ;
08F @ hmm 77 08F- =
0.65— """""""""""" e, 0.6 +H9— -
0.4F ‘ ——i 04F- E
02F p_<14Gevic 02E p_<14Gevic -
O' Y T T T D T R O' P S S S T S TR T NN T ST T NN S S T |
4 -2 0 2 4 -4 -2 0 2 4
y y

# Results from the smaller sample at 5 TeV show a stronger suppression for
P (25), not expected from initial state effects or energy loss

# Confirms similar findings from PHENIX, ALICE
» Stay tuned for the update from 8 TeV data
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BOttOmonia in pr @ 8 TeV arXiv:1810.07655, accepted by JHEP

Backward Forward
& o~ T~ T T T T T T T T T3 T T T T T T T T T T T
0800 {5816 TeV, Pop § 20005  HCh § {5816 TeV, pPb ]
# Clean separation of three 2 $700 Oeook E
2600 o Y(nS E g | Y(nS ]
nS states \)500 Background 4000 Background -
?8 4008, , — Total ?8’3300: — Total
Sa00 ™ g200
Ba0of 2
O 100 O 100t
RS 0T 0= 0
M(utu) [GeV/c? M(utu) [GeV/c?
» “Comover” model predicts R for T(15) R for 1 (25)
large final-state effects,% 2 e g 2 Anam-a-eassesss
‘ = L8 LHCS EPPS16 E §Q1'8_'—HCb EPPSI6 E
larger for excited stateso g s E- s ]
1 1 . 14F W EPSO9LO+comovers— 1.4+ W EPSOQLO+comovers—
Eaegg-olalnld E%g}ggwl%gqog%};;)egpon 1. [ ] nCTEQ15+comovers : 1_23 [ ] nCTEQ15+comovers :

# Patterns observed in data 82 8?
. . g ] g H ]
support this picture. . . 04F p <25 Gevic 1 04F pascevic ﬁ .
O-EF_slsTevHI_H_‘; O'ém-816TeV,,,l,,,l_:
-4 -2 0 2 4 -4 -2 0 2 4
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arXiv:1810.07655

R(T(25)/R(T(15)) R(T(35)/R(T(15))
& 2 2: L I I B I B P = 2: L L L L B
& 5185 LHCb +LHeo 4 2 318E LHCD +LHCh -
g %:Zii: D COMOVers : g ?in?l: D COMOVers :
...notably for Y(35) ! = 12f 3 N -
Smoking gun for 1r 1 g
comovers? 0.8f { 08 E
0.6f . 065 .
0.4F p. <25 GeVi/c g 041 p.<25 GeVic g
0.2F — = 0.2F — =
o | ||m|816-r|ev o | ||m|816-r|ev
—4 —2 0 2 4 —4 —2 0 2 4
y* y*
A0 POPb 366 b (5.02 Te)
ngj])o z/oT(ls) = (.86 £ 0.15, . poe o cms)
. . . — 70 ﬁ:chv
T(39),7(1S) 0814015 Un{iertstandmg thlsteffectt 18 ciu- g e e
pPb/pp = U.ol = 0.19, cial to a correct interpreta- 35 s Rl
7(28)/7(15) tion of QGP-induced sequential £ 4 e ]
. . 2 3 ;
g‘RPb ) = 0.91 = 0.21, quarkonia suppression observed &
T(gsz)oz/jr(w) in PbPb ;
(L T S T R S A W e
ERP]OZO/M? = 0.44 = 0.15. s 1(r)nu+u1(1Gev;2 v
arXiv:1805.09215
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Open charm in pPb

e

Unique data down to O pt

Precision measurement al- _

ready with 5 TeV sample §3000
=

e

# Strong suppression at for- S,
ward rapidity and low pr
seen also here, expected

—
LHCb
2<pT<SGeV/c
25<y* <30

M (K*1¢) [MeV/c?]

: g
from shadowing :
. 15
# Data can constrain nPDFs
in unexplored area at low

-~ LHCb

N
.

F=]EPSO9LO
— EPS09NLO
---nCTEQ15

x, assuming no other ef- osf -~

LHCO
VS =5 TeV

- Backward
fects. b mEe

0 2 4 6 8 10
(Coherent energy loss predicts p; [Gevic]

similar patterns qualitatively)
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JHEP 1710 (2017) 090

L L L L |
~LHCbpromptD®  LHCb
LHCb prompt J/y m =5TeV

F=]EPS09LO
— EPSO9NLO

---nCTEQ15

p, <10 GeV/c

2 — | . |
I —+-LHCb LHCb

1.5+ — EPSO9NLO E
L ---nCTEQ15
i B cCGC

1 ]

05 T i

Forward
0— L
’ ? 4 6 8 10
p, [Gev/c]
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Charmed baryons in pPb

arXiv:1809.01404

® AT /DY ratio is an important input to hadronisation phenomenology

#® Baryon enhancement expected from production via coalescence, also affected by thermal
properties of the nuclear medium

R - - 1~ T T 1T T * T T T T 0T 7 T
® Large charmed baryon enhance- = *F " + data = poof e + dara ;
ment observed in central AuAu = F P iS5 Tev o = 1omf- P fsq TeY I
. . = E orwar : 800:— ACKwart c _:

COIIISIOHS at RHIC . g 1500; background g 6002 background

® ALICE sees no enhancement in £ oo} | S 400 eyt o
pPb collisions: no hint from ef- < 0 sy T =3~ W0 .
O' i i paetty i | SN i i | I 0'. L i 1 L PO i pocosiy i 1 L
2250 2300 2350 2250 2300 2350
fect of cold nuclear matter ) M ) M
g 2288 g_ £a})[Cb 2 < Pr <10 Ge\//c_g ; fggg ;: £t;)[Cb 2 < pT<10 Ge\//f:;
> 3 > 1L5<yt<40 4 3 _ 4.5 <yt <-2.5 3
# Ratio measured by LHCb in 5 g zw0p PP isa=sTeV forvard 4 £ Jypf PP (S5 TeV backward 3
= 2000;— -+ data _ = 12005_ -+ data _
TeV p Pb data Qi)% 15002— background —z C)% 1288%: background :%
® Contribution from b decays sub-  wowf “Pem 3 s TERRP 3
: 1 500E — jotal : o E fotal E
tracted using impact parameter e g a0p o0 3
. . . -4 -2 0 2 4 -4 -2 0

distribution log, (1,40 log, (1, (1)
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0.2

0

RA Hp°

0.4} m
I i

@11

0.2 __ epsosto
- EPS09NLO
S nCTEQ15
- —§— data

LHCb

pPb \;'§:5 TeV i
20<p <10.0GeVic -
NP B

L arXiv:1809.01404

D PR I S T TN S TR T

—4 -2

Backward

| e EPS09NLO
| e nCTEQ15
- —4— data

pPb VSan=2 TeV

—45<y*<-25

pansnimngrnsssensadnrs=g

| EPso09LO B:I i

2

4 6 8 10

2

0.2

0

4
v
Forward

LHCb pPb {5=5 TeV ]
I EPS09NLO I}:I [ﬂ i
| e nCTEQ15 -
-  —¢— data 1

! ! ! 1 ! ! ! | ! ! ! | ! ! !

2 4 6 8 10

# No strong kinematic dependence observed, substantial agreement with
predictions in collinear factorisation based on pp data

» Need update with 8 TeV data to determine dependence on event activity
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Clean signals in exclusive decay modes:

Open beauty in pPb

BT — D", BT — JWK',B? - D tt, A) — Afm

{Suy = 8.16 TeV
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LHCb preliminary

pPb
-+ Data

—Fit

— Signal

B Partial

[ Combinatorial
me _Dk*

5600

S
m(D ) [MeV/c?]

G220 T

» 4
20 Pt
RELKLIRLIIT
0 R S K b

5100

40

20 -1

Candidates/ [10 MeV/c?]
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LHCb preliminary
(S = 8.16 TeV +Data
—Fit

— Signa

B Partial

5600

B Combinatorial
WA - AK

pPb

5800

m(A; ) [MeV/c?]

First measurement in nuclear collisions, down to low pt (< hadron mass)!

LHCb preliminary

{Sw = 8.16 TeV

5200

-+ Data

— Fit

— Signal

B3 Partial

¥ Combinatorial
We_Jyr

5300 5400 5500
MWK ) [MeV/c?]

LHCb-CONF-2018-004

R 2501 ' ! N
S L LHCb preliminary pPb ]
g 200f VSw=816Tev + Data E
o [ — Fit ]
S'150:— — Signal —:
?8 C B3 Partia 1
S 100 M Combinatorial
% , MB°-DK' ]
L%S 50 ]

5400
m(D~ ") [MeV/c?]

5600

Decay

pPb

Pbp

BT — Dt
Bt = JWKT
B'— D—xt
A)— Ara~

1943 £ 58
883 = 32
1155 £ 39
484 £+ 24

1824 4+ 64

905 £ 33
886 £ 34
397 £ 23
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LHCb-CONF-2018-004

. 8 2 | 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 i

mo T  —— Data ]

X 18 :_ .\ EPPS16 LHCDb preliminary _:

1.6F 7 nCTEQ15 PPO/Pbp, Sy =816 TeV 3

Laf Efj_?rlgm_b 2<p, <20GeVlc E

1.2/ .

v :

L N S

C S5 SIRn,

- S 55

0.6 5

0.4 C ] 1 ] 1 1 ] ] ] ]

-4 -2 0 2
y
Backward Forward
T I T T T T I T T T T I T T T T i . & 2 [ T T I T T T T I T T T T I T T T T i
—+ Data . E B2 of -+ Daa . E
. EPPSI6 LHCb preliminary ] o 1.8f . EPPSL16 LHCb preliminary ]
7z nCTEQ:!:5 pPb, sy = 8.16 TeV - 1.6F 7 nCTEQ15 pPh, \syy =8.16 TeV -
JE/PF’?rlgm ) -35<y<-25 E 1ab EPPS16* 25<y<35 E
J-from- ] T J/y-from-b ]
I : 12F E
............................................................ 3 L[ <eee e meee e et e
. 2 0%0.0:26% IO'V‘IOV‘EZ

- 0.6F -
1 l 1 1 1 1 I 1 1 1 1 1 : : I 1 1 1 1 I 1 1 1 1 :

15 20
P [GeV/(]

# Confirming suppression pattern observed in JAp from b, consistent with nPDF effect

® A?/BY ratio also measured and found consistent with pp
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Photons in pPb

#® Direct photons give access to saturation region, unique kinematic reach in LHCb

#® Reconstruct photons through conversions inside the tracking system (better resolution than
using e.m. calorimeter)
#® Two approaches:
# Extract direct photons from inclusive spectra, after subtracting the 7t° /7 contribution,
normalized at low pr
® Exploit correlations with hadrons in inverse Compton processs

LHCb Preli
- ; Isolated ~ » Preliminary
J AR v from 7Y VN — 8.16 TeV
@)

0 n
AP =y -,

#® Di-jet background measured in

data from identified 7t =
. . . 'ﬂ
#» First ev1denc.e for direct Photons &Y ¥ B 5 TS T -+ T
from gluons in the potential satu- © p%s = BT o=ny  PTY -
rated region VR NN NN
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PbPDb collisions
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PbPb data and centrality reach

#® [HCb entered PbPb data taking in 2015.
About 10 /b recorded by LHCb

#® Tracking perform?lnce studied: saturation occurs at ; 0 | e
about 50% centrality £ 10 (5 =5 TeV
® 2018 PbPb run just finished, collected 210/:b I

0 20 40 60
eyq - . . . .. 50% <— Ecal Energy [TeV]
#® Still interesting physics from peripheral collisions: less central _, & =
. E c =9
® JAb photoproduction (low-pr “excess”) 5 j; BN
= LHCbPlots2015 -3
® JAP/DY ratio and Y states vs centrality B = LHCb preliminary
» flow for D 2 30 oa=5TeV 3
> 25 =
S S0 Fich preliminary  70%<Event Activity<90% ] L 3 (o praiminay  70%<Event Activity<00%3 S 20 =
e 4oof_m:5TeV _ $ 30F|§u=5Tev E é 15 3
o C ]l 9@ 25F = g 10 =
(e} B b [ee] o o
Q_ 300E — g 20;_ 3 o 5 _
8 200_ . 8 15:_ - 0 1 i I i L l L 1 " 1 =
gt 1 & E . ! 20 40 60
2 100f 1 8¢ 1, 50% D Ecal Energy [TeV]
O N 10 . | | e —> 50% most central
1800 1850 1900 1950 2000 3000 3100 3200 3300
M(Km) [MeV/c?] M (up) [MeV/c?]
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hadron photo-production enhanced by photon

flux (o< Z?) in PbPb

sensitive to gluon distribution at x down to
107°, saturation region

coherent and incoherent JAp  photo-
production can be distinguished from
pr shape

limited statistics, but precision of the mea-

surement demonstrated
very good prospects with 2018 data
'E 5 LHCb Preimi Guzey et al.
é 45 ’ Iminary LA w
> 4 ; + Pb-Pb [§=5 TeV —LTAS
% 35 ;— — EPS09
© 3 - g "x Goncalveset al.
E-\\«. §‘ b
2 5E ~ L — |P-SAT+GLC
2 E_ \\\ ., === [IM+BG
E Cepilaet a.
15 E— — GG-hs+BG
1 E— GS-hs+tBG
05 ;_ Mantysaari et al.
0 e — = | S fluct. +GLC
0 1 2 3 4 5
y == 0 fluct. +GLC

Ultra Peripheral Collisions

Candidates/ ( 13 MeV )

Candidates / 0.15

LHCb-CONF-2018-003

LHCb Preliminary ~+-data
Pb-Pb |5,y = 5 TeV —Jy
N — (29
| === NON-resonant
sum

4000
Dimuon mass [MeV]

'—e— data

LHCb Preliminary coherent
50 Pb-Pb s =5 TeV incoherent+feed-down
20 non-resonant

30

20

10

0
log(pi/GeVz)

(templates from STARLIGHT)

Result for coherent x-section, compared with
phenomenological models
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Collisions on fixed targets

G. Graziani 888  slide 23 Kruger 2018



Fixed-target Samples

[ -
o
(V)

Beam Energy

2500 GeV
B 2000 Gev
B 6500 Gev

[ERY
o

[
IIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII|

|
<
[y

[
S
N

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

protons (Pb) on target [10%°

(at nominal SMOG pressure, 1022 POT correspond to 5/nb for 1 m of gas )

» First papers from the first samples collected in 2015 and 2016 :
# antiproton production in pHe PRL 121 (2018), 222001
# charm production in pAr and pHe arXiv:1809.01404
» Large sample (~ 100nb™ 1) of pNe collisions acquired at the end of 2017,
sample of PbNe collisions at same energy just collected
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001

Fixed-target Luminosity

PRL 121 (2018), 222001
KECh 1]
» SMOG gas pressure not m |
prﬁCisely kIlOWIl. Event 82083147 - [ ‘ \ H H HH HH HH
Absolute cross sections Tue, 17 My 2016 18:47:09 | | { I |
- : LN T
normalized to p-e | i
elastic scattering <! T HH |
sof % i 3ok & LHCD
glooo? i: —¥— ¢ candidates E é 3£: * ++ & condidates :
38005_ * —— et candidates E ggﬁ: ¥ 4+ —— e* candidates :%
goop 7 1 8wf ¢ 0+ 1 ® Background measured from data,
S 400F vav E % 300;— + " _ . . . o e
R A 1820 i using events with single positive
- . | - ] I E
o 180[0l\(/)l eV/d] ’ ” o P, [Mel\sﬁc] track
Siof o | Sl N o ]® Systematic uncertainty of 6%,
= v —— ¢ candidates ] = 70F © ¢ —— e candidates E .
geor gomisbrwe) ] o3 600F ¢ ' emammenso{  due to low electron reconstruction
) a & —— Simulation 1 & s0of —e— Simulation 3 .
g | gat  § i efficiency (~ 16%)
__‘g 400}~ %, 1 s 300f ° % 3
8 200f * " 1 8% ¥ % E
S L Ca O 100f K s, 3
[ . ey 1 Y S R ~ " SO TP B
5000 10000 0 50 100 150
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001

Candidates / (10 MeV/c?)
3
I

Charm production in fixed targets

arXiv:1809.01404, subm. to PRL
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JAb
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® No evidence for sizeable intrinsic charm contribution
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Pumplin, Lai, Tung, PRD75 054029
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Cosmic Antiprotons

® Precision AMS-02 measurements of p/p ratio in
cosmic rays at high energies,
PRL 117, 091103 (2016)
#® Hint for a possible excess, and milder energy de-
pendence than expected
® Prediction for p/p ratio from spallation of primary
cosmic rays on intestellar medium (H and He) 1s

1073

¢ PAMELA 2012
¢ AMS-022015

S
e
~
I,
o
Fiducial
° Uncertainty from: Cross-sections
Propagation
Primary slopes
Solar modulation
10 ‘ o o
1 5 10 50 100
Kinetic energy T [GeV]

Giesen et al., JCAP 1509, 023 (2015)

® [arge uncertainties (~ factor 2) on cross-

g]g | sections from models of hadronic interactions
; ® Empirical parameterizations mostly based on
= SPS pp data, but
—

at /sxy ~ 100 GeV,

poorly constrained

® The LHC energy scale and LHCb +SMOG
very well suited to this measurement
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pHe AntiprOtonS reSUItS PRL 121 (2018), 222001

Result for prompt production compared to

§§§§E t,:'eCE px 04< p <07Gevic E EPOS LHC Pprco2 2015) 034906
Elyr] 3 omines = underestimating p prod. by ~ 1.5
13 120 4  EPOS 1.99 Nud.Phys.Proc.Suppl. 196 2009) 102
N o 1 QGSJETII-04 prps3 2011) 014018

% QGSJETII-04m Aastr. J. 803 2015) 54

HIJ IN G 1.38 Comp. Phys. Comm. 83 307

p [GeV/c]
_ - PYTHIA 6.4 (2pp + 2pn) JHEP 05 (2005) 026
g 1o LHCb
D120 - pHe - px 07<p <12Gevic . . . . . . .
. 5o = 110 Gev Visible inelastic cross section compatible with

EPOS LHC:

[ub
H
S
|III|III|III|III|III|IT

gLHED /s EPOS—LHC _ 1 ] 4+ ().07 4 0.03

V1S Vvis

— 35 T T T T T T T T T T T T T —] _ .
g LHCb +om ] ™ excess of p yield over EPOS LHC from
S 30 pHe - PpX 12<p <28GeV/c  --- EPOSLHC 3 _ . g e
a 25 Gm=10Gv EPOS199 3 |8 mUItIPhClty
= - QGSETI-04 .
g 2 R .- qesemiom ] PrOspects:
B e N - -HIJING138 _
B OE e wmines 1 @ Extend to p from decays (20-
10 e R I s~ S CTIE TR .
: 30% of production)

— ® Repeat on 4 TeV beam data ® measure scal-
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.222001

Prospects

Much more to harvest, notably in
pPb:

# More quarkonia states: X, N¢

» D'DY correlations

» Drell Yan, vector bosons

# dihadron correlations (ridge),
BEC

» Flow studies with identified
particles

And substantial development of the program in future LHC runs, profiting also
from the upgraded detector LHCb-TDR-12 (2012), talk by O.Steinkamp on Thursday
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Heavy ions in future LHC Runs

2021

- - W

Run 3: LHCb upgrade Phase | (a)

2027 2029

I“E N - -

Run 4: LHCb upgrade Phase | (b)

2031

Run 5: LHCb upgrade Phase Il

# pp luminosity will increase by factor 5 in Run 3

»# plans for larger integrated luminosities, at least , also for pPb and
PbPb in LHCb

# Phase II Upgrade in design phase wincs-roro19cois): aim at S0 X Run 2 luminosity
inpp =
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Fixed target upgrade(s)

LHCD is considering an upgraded gas target, consisting in a storage cell located in the proximity
of the interaction point. Could be operational already in Run 3

#® allows larger gas density where
needed ™ increase luminosity by
up to 2 orders of magnitudes with
same gas flow

® more gas species possible: hydro-
oen and deuterium, heavier gas (K,
Xe)

#® precise control of gas density

1‘hﬁ — —--.:lfu— N— ﬁ' sl sl

H

. 9 .
1

More proposals for the future (see Physics Beyond Colliders forum):

#® polarized gas target
® solid target coupled with bent crystal, to study electric and magnetic moments of charmed
baryons

#® solid microstrip target
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Conclusions

o LHCDb developed a lively and fast growing heavy ion program, with very
specific capabilities
o First lessons learned, with some
# heavy flavour states (open charm and , quarkonia) in pPb at large
rapidity are in general well described by nPDFs and CGC (when applicable)

# but suppression of excited quarkonia states points to the effect of comoving
particles, notably from

°

no evidence of charmed baryon enhancement from coalescence in pPb
# no evidence of intrinsic charm at large-x (for now) from charm production in

» 1mproved knowledge of antiproton production in
®» better reference for dark matter searches

# much more data from Run 2 to be analyzed
# and substantial development of the program in the next future
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Backup material
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Collective phenomena

Dihadron correlations in unique forward acceptance

LHCh Pbip (i =5 TeV e LHCb PRELIMINARY
o =
1.0<p_<2.0GeV/c o5 11 PP \s,,=13 TeV
Event class 0-3% — gg‘ PP
. 05‘;5_ Medium P;
3 2= 0.03a1 T NL .. High activity class
3 2.1+ “““t: ‘¢ s 0.0335-
_ -%”2.05-5" P 5 _ “//l/,"""‘“\\w 0.033-
= _,__...-éé’ﬁw“‘\\\\%-‘
4 20908 () A 0.0325
3 KA
2 e 0.032
dg 1 OD’(\
-1 -2 dys /;4
LHCD py=5TeV 1.0=p, =20 GeVic fa‘?‘; 2 2 5
Activity bin Activity bin IT Activity bin IIT Activity bin IV Activitybin V 2 &
20T T ooty | ] Coon 13200 70) | T Coym 142 0oPb) | T Copnng-1 51 o) | 1 05 1 15 an
E.'?D.lt} Covnil 0 @b} | Gl 1600 | Crnl27Ph+p) | Crpp=l 38 (Bbep) 0 0.5 o
-1 1.5
= 0.05 ; | . ‘ " -2.5
Y R R R R B R R SR R B RV R
Phys.Lett. B762 (2016) 473-483 arXiv:1709.09906.
G. Graziani 8888  slide 35 Kruger 2018



Expandlng rapldlty gap for UPC Herschel

C ueEm RS “—!

hole radius =g

Station B2 "__,w 3 =8 hole radius !
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hole dimension
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LHCb-CONF-2018-003
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