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CO”iSiOnS in LH Cb (not all energies shown)

P P
e >< e
Vsyy =13 TeV
Vs, = 8 TeV
Vsyy =7 TeV

® ><

Vsyy = 8.16 TeV
Vs, = 5.02 TeV

+ short Xe+Xe run in 2017
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Fixed target, LHCb only

p gas (He, Ne, Ar)
® > &
Vs, = 110 GeV ‘

gas (He, Ne, Ar)

> \@
Vsyy = 69 GeV R




LHCb SMOG: fixed (gas) target

LHCb data Colin Barschel, PhD thesis 2013

System for Measuring Overlap with Gas
* Inject He, Ne, Ar into VELO at ~2x10~7 mbar

e Designed to measure beam profile

* Allows data taking in fixed target mode

JINST 9 (2014) P12005
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LHCb Experiment

elan T e 08 \j;\ JINST 3 (2008) SO8005
w IJMP A 30 (2015) 1530022
HeRSCHel LHCb _HeRSCHeI
]

-10

-10

Forward spectrometer fully instrumentedin2<n <5

* Very good momentum and vertex resolution
dp/p <1 % for 0 < p <200 GeV/c, dx ~ 20 um for high p; tracks

-10

* Good particle identification
K: ~90 % efficiency, mis-ID <5 %
W ~97 % efficiency, mis-ID ~ 1-3 %

-10

* Optimal: W, p, K+, " produced inside Vertex Locator Smm—muon sy stem
w— HCAL
* Ok: KO, A9, v, e, mt° w— ECAL
> re — trac.lqng
* Challenging: stable neutral hadrons n, K% lumi counters
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HeRSChel: forward scintillator

Carvalho Akiba et al. JINST 13 (2018) no.04, P04017
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Single diffraction
(gap)

hole radius Double diffraction

Station B2 47mm hole radius
atz=-114.0m ‘ 61 mm (gap)

hole dimension

) o ~ 54 x 115 mm CEP elastic
(gap- (gap)
CEP inelasti
. (gap)

o
o
(Lo
Station B1 Elastic scattering
A Station BO . (gap)
atz=-75m Station F1
atz=20.0m _15 _10 -5 9 % 10 15
Station F2 pseudorapidity 7
atz=114.0m

* Forward shower counters with acceptance 5< |n| <10
* Better identification of diffractive events, important to identify CEP
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adapted from Wikipedia

Why heavy flavor?
higgs
Charm and Beauty vie
* Quark mass > AQCD acts as cut-off e | (Cossewae | (oo | (Fwene ) g
: - & w D || @ |5
allowing pQCD calculations to low p; aectron |[ muon || tau || zboson | B
Tests Of pQCD — FONLL Calculations % <22eVic? <0.17 MeVi/c? <18.2 MeVic? Zsosocovic ) ﬁé
P @ || @ || @ || @ |58
fixed-order plus next-to-leading logs, see Cacciari et al. hep-ph/9803400 i s J el J . J lW boson | gg
* Cross-sections sensitive to Parton Density . edaptedfrom CERN Courier 2012/04
Functions (PDFs) O
L 1053
Important input to theoretical calculations 2
Dominate uncertainties of predictions = 7
Unexplored at low x é 103
g 102—;
— .. < 5
* Hadrons produced early in ion collisions 3 TPTeTY
Experience evolution of nuclear medium 3 100 e
Probe nuclear medium via transport properties E 10 ] fixed target experiments
- I L B L) L L AL L

1077 1076 107° 1074 1073 1072 1071 10
longitudinal momentum fraction

Hans Dembinski | MPIK Heidelberg, Germany 6



Heavy-ion physics to explore

Hot nuclear matter in PbPb Cold nuclear matter in pPb

e Possible formation of .

Modified parton distribution function: nuclear PDF
Quark Gluon Plasma (QGP)

Absorption and coherent energy loss in nuclear matter

[0}
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3.
<
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®
(]

Possible formation of Color Glass Condensate

g, Study signatures separately in pp, pPb, PbPb
$100]  confined ) to distinguish QGP effects

%')‘ 75 Hadron phase ¢':'olor superconductivity P-p: No nuclear effects

~ 50 4

(several phases)

p-Pb: Adds cold matter effects

®
[ {hiriron stars Pb-Pb: Adds hot matter effects

250 500 750 1000 1250 1500 1750 2000
Baryon chemical potential [MeV]

“ - 3 adapted from
baryons — antibaryons hep-ph/0503184
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Nuclear effects & asymmetric acceptance

"forward"
Measured particles atn >0
Probes low x in nuclear PDF

“backward”

Measured particles at n <0
Probes high x in nuclear PDF

Nuclear modification factor Forward-Backward (FB) ratio

cross-section for pPb r _ _cross-section for pPb +]y|
Ap, X cross-section for pp P8 cross-section for pPb -|y|

Rpr =
No nuclear effects: R, = 1
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Recent results

Hadrons with charm

P(2S) in pp at 7,13 TeV LHCb-PAPER-2018-049, submitted to JHEP
Asymmetry of D.*in pp at Vs, = 7,8 TeV  JHEP 08 (2018) 008
Prompt A_*in pPb at Vs, =5 TeV JHEP 02 (2019) 102

J/p, DOin p(Ar,He) at Vs, = 87, 110 GeV arXiv:1810.07907, submitted to PRL

Hadrons with beauty

Y(nS), .1, 5in pp at Vs, =13 TeV JHEP 07 (2018) 134
Y(nS)._, ,in pPb at Vs, = 8.16 TeV JHEP 11 (2018) 194
BO, B*, A, in pPb at Vs, = 8.16 TeV Phys. Rev. D 99 (2019) 052011
E,"inpp atVvs=17,8,13 TeV Phys. Rev. D 99 (2019) 052006
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Hadrons with Charm
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LHCb_PAPER-2018-049, to be submitted to JHEP

P(2S) in pp at 7,13 TeV

P(2S) has negligible feed-down compared to J/a, easier to theoretically interpret
Decay channel: {(2S) -> pu

Double differential cross-section iny, p; for prompt y(2S) and y(2S) from b-decay
Cross-section o(pp — bb X) inferred

zZ —Zpv) XM
Combined fit to invariant mass and pseudo decay time ¢, = ( $(25) ) V(25)

Pz

blue: prompt (2S) black line: from b-decay green, magenta: backgrounds
a T T T T T L B L 72 s T T T T T T '
< 5000 . 41 & -
> - LHCb Preliminary _ LHCb 1 S0 E LHCb Preliminary LHCD é
" ] Vs =13 TeV 1 S ) C Vs =13 TeV ]
=, 4000 - !Ldt =275pb" ] & 10 E_ J.Ldt =275 pb* 3
a E S<p <6 GeV/e E o 10° - <p,<6GeVic ]
. 3000 F 2530 4 & U F 25¢y<30 3
) - § < = ]
e N 1 B 10°F E
8 2000~ b= 3 E
S F S 10
S 1000
g E - 1 ::'-
U U W R GRS 32, (NS N A IHIAAL AN ¥ " N T e, it VL (i Ry W oo B ot fanine it ) ot i —=—,

3600 3650 370 3750 3800 -10 -5 0 5 10

m . [MeV/ c?] t. [ps]
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LHCb_PAPER-2018-049, to be submitted to JHEP

P(2S) in pp at 7,13 TeV

= EFFl Tt 3 = L
§’ Fe— % —4— LHCb prompt y(25),20< y<45 ] § 10 B —4— LHCb p(28)rom-b,20<y<45 |
(5 [ PR i (5 SR E
< 102 b 3] NRQCD,20<y <45 1 © 2 FONLL, 2.0< y <45 ]
) g .. 1 B - .. T
s LHCb Preliminary i = | LHCb Preliminary -
= I ] = 10E E
Q N — Q. 10 E E
2 op LHCb 4 ¥ [ LH® E
= E 5=13TeV i - 5=13TeV 1
. ;J-Ldt =275 pb™! | 1E J‘Ldt =275 pb™! =
E | 1 | . N . N N N N 1 . :..::.oo C | | | N N N N 1 | N | . 1 "
5 10 15 20 5 10 15 20
Py of w(2S)[GeV/c] Py of y(2S)[GeV/c]
= 10° T T T T T T T E| = T T T T T T T
; + LHCb prompt ¢ (25),2.0 < y < 45 é § 102 _+_ LHCb y(25)fromb, 20 ¢ v < 4.5 o
(] & N L & —E
g 10° NRQCD, 20 ¢ 7 < 45 - g B2 FONLL,20< v <45 3
~ O, B ~ -&52}1:5:;5: % e
= Ui ] = T e I
- 10 ] - 10 ,,_(,:<:“.,:&s<’*’:'>iig-..._m}w —=|
3 LHCb 1 T LHCb e ]
S (s=7TeV w] © L 5=7Tev et
-»A_;::’? R ;féa‘:
y_dt =6l4pb”’ LHCb Preliminary 1 ﬁdt =6l4pb”’ LHCb Preliminary 1
-1 M 1 " L L " | N " M -1 " 1 M " L " | " 1 "
10 s 10 s

10 10
Py of y(25) [GeV/c] Py of y(2S) [GeV/c]

* Overall good agreement with predictions, some deviation at low p; for prompt y(2S)
* New measurement at 7 TeV supersedes earlier result based on smaller event sample
Hans Dembinski | MPIK Heidelberg, Germany 12



JHEP 08 (2018) 008

Asymmetry of D_*- in pp at /s, = 7,8 TeV

Expected asymmetry in charmed mesons with u and d
e cand c-bar hadronise differently due to the presence of u, d valence quarks
* c-bar preferably forms mesons, c can additionally form baryons with valence quarks

D.*- does not contain valence quarks, only indirect effect of asymmetry expected
* Sensitive test for non-perturbative QCD models
* Essential input for direct CP violation in decays of D*, mesons

Asymmetry  Ap(D}) = Zég{; lggg{;

Decay mode D,* -> ¢ t* with ¢ -> K*K", measurements includes D,*" -> D.*y or D*t*

-~ 5: T fep C I v o L L B
45F = 10°F LHCb bdaa
: Q - _ — fit .
4k S i (s=8 TeV e i
3.5 E_ E § [Jcomb. bkg §
r 8 = X i
3E 3 10°
25E s F 5
. E 3 ;_ .......... )<y <3 _;
23 _ = 2.5<py<4.7GeV/c :
C Cno o [lnoon lnnoa o oo o o o 150 0 o [l o ol
LSy "0 "0 a0 ! 1900 1920 1940 1960 1980 2000 2020
pr [GeVic] m(K*K™7*) [MeV/c2]
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Asy

25
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(s=7 & 8 TeV 3.0<y<3.5
== PYTHIA 8.1 3
4+ LHCb =
| S T T SR T TR SR ST TN N ST SN SR T NN S T T W
5 10 15 20 25

T T T T T LI | T T T T

20<y<3.0

== PYTHIA 8.1 —

4+ LHCb =
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15 20 25
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JHEP 08 (2018) 008

mmetry of D_*- in pp at \/syy = 7,8 TeV

2.5
2
1.5
1
0.5
0 ......................................................................

0.5 {

(s=7 &8 TeV 3.5<y<4.5

Ap (D7) [%]

-1

-1.5 == PYTHIA 8.1
—2 -+ LHCb
_25 T PR [T T S SO (T T R T S S S S T
10 15 20 25
pr [GeV/c]

3.3 0 non-zero asymmetry in combined data

No significant dependence on Vs, Y, Pt

PYTHIA 8.1 prediction is off and shows
stronger dependence on y and p; than data
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Prompt A_* in pPb at /sy, =5 TeV

* Double differential cross-section in y*, p;
y* ... rapidity in cms of colliding nucleons
e Cross-section ratios: Forward-backward, baryon-to-meson
* Decay channel At ->p K " used to measure A_* yield
* Prompt A_* determined from fit of log(?) distribution
x%p --- difference in x? when fitting primary vertex with and without A_* candidate

Combinatorial background for log(x?,)
measured in sidebands

a — T T — T T T 1 w3500 O I ]
- ] el C ]

;u 3000 (a) ~+ data 1 S : (a) 2<p,<10GeV/c]
2 2500 F LHCb A = ~ 3000 = LHCb 1.5<y*<4.0 E
= E pPb {5 =5 TeV — total 1 & : _ ' R
o C NN i = 2500 PPb \ syy=5 TeV forward 3
< 2000 F forward AL 4 - C .
~ - . — C _‘
S 1500 - background 3 Fc% 2000 E data ]
§ F ] Ol 500;— background —
< 1000 - E e prompt .
- ] 1000 =

g - . F — Al-from-b .
O 500 - " 500F — total =
oF S of - .

2250 2300 2350 —4 -2 0 2 . 4

m(pKn*) [MeV/c?] log (X7, (A)
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Prompt A_*

R AfID

0.6 T T T
[ LHCb PPb |53 =5 TeV
0.2 _ epsogLo N
EIREEE EPSO9NLO ]
[ nCTEQ15 -
- —¢— data -
ob— . . 1 L l
0.6 T T T
[ LHCb PPb |50 =5 TeV |
- 1.5<y*<4.0 -
0.4+
02~ _ epsooLo
C EPSO09NLO ]
F nCTEQ15 .
- —¢— data -]
0 1 N L | | | L L L
2 4 6 8 10
P, [GeV/c]

in p

JHEP 02 (2019) 102

Pb at /s,y = 5 TeV

* FB ratios consistent with predictions

* Baryon-to-meson ratios
At forward rapidity lower at pT > 7 GeV/c

than predictions

Predictions slightly convex in y*,
ALICE + LHCb suggest more peaked

shape at mid-rapidity

QQ [ T T T ' 1
>~ — EPS09LO
C<< | LHCb --- EPSO9NLO |
------- nCTEQ15
i ¢ —4$- data
05k -4~ ALICE

. | I2.0 <pp<

pPb \ s =5 TeV
10.0 GeV/c

—4 )
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Candidates / (5 MeV/¢?

arXiv:1810.07907, submitted to PRL

J/p, DYin p(Ar,He) at /sy = 87, 110 GeV

(2]
o
o

500+
400¢
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200~

1005

O & 1200
D LHCb > 0o JYP LHCb
\ Syy = 87 GeV pHe s F \ Syy = 87 GeV pHe
= 60-
0 r
2 40
© r
S 20k
o Y © L
0 T T i i % & Sikidibud i hed
1800 1820 1840 1860 1880 1900 1920 1940 O é'950 3000 3050 3100 3150 3200
m(K 7*) [MeV/c?] m(utu) [MeV/c?]

First study of charm in fixed-target mode

J/ and DY production in pAr(gas) and pHe(gas)
Decay channels: DO -> K*rt™, J/y ->
Differential cross-section iny and p-

Low background in invariant mass distributions

Right: Total cross-sections

Data measured aty = [2, 4.6] extrapolated
(about 10 % correction)

Measurements fill gap between 50 and 200 GeV
DO to c c-bar with global fragmentation factor
Very high precision compared to other data

o(J/y) [nb/nucleon]

o(c?) [ub/nucleon]

10°

10?

10°

10?

10

il

- LHCb $ -
- ® This measurement .
— ‘ —
E ‘ §
5 o .’+ ¢ i
E ¢ ¢ i
e NLO NRQCD 3
E Other data: PHENIX, STAR, HERA-B, fixed targe E
L L " L al L

10

m [GeV]
T T UL L T o
. LHCb I
E ® This measurement # M
C ° ]
: \ ?
. ‘ ; NLO pQCD |
3 ¢ 3
10 10 10°

VSan [GeV]
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arXiv:1810.07907, submitted to PRL

J/p, DYin p(Ar,He) at /sy = 87, 110 GeV

10°

E i e ety — g — T T T T - T A
S f LHCb | sy, = 86.6 GeV pHe - S F LHCb | s, = 110.4 GeV pAr ]
0 i —+— LHCb data ] N [ ]
@) | =4=___ @R pHe x 1.78 CT14NLO+nCTEQI5. ) ™™ ==  —4— LHCbdata i
= P pp x 1.78 CTI4NLO <) @S pAr CT14NLO+nCTEQIS
o) i Linear interpolation ] — b pp CT14NLO ) .
= T e Logarithmic interpolation Q‘[‘ Linear interpolation
S 102 _| S Logarithmic interpolation |
J / lp s - ] N = ]
s C ] S ¢ .
= . A S gt 3
. L mmmaesesesesesesiesesiciiescicesiiiescciiicscieiicncena] < B
< - . Z - ]
§ interpolations use E789, HERA-B, PHENIX data =
O 10L— T N S N S S S— 2 L I H N R
< Yo 2 4 6 8 1079 P 4 6 3
— L T — —_—
= LHCb | sy, =110.4 GeV pAr | S B LHCb \s,, =86.6 GeV pHe |
S B —+— LHCb data | > 10° b —+— LHCb data |
© S N pAr CTI14NLO+nCTEQIS A ) SR @ pHe x 1.44 CTI4NLO+nCTEQIS 3
@) == S CTI14NLO . = S T— pp x1.44 CTI4NLO ]
= pp
— = — =) [ —e— —— ]
et | SRS G- ] 8
DO 8 107 E R — E < 10F ——— =
<2 o . = = e E
[a) B 1 (=) - s
Z i ] 3 i ]
2102 i | e 1E -
% 10 g_ - —g QE_‘ § §
i ] S T — ]
- - CQ _1 | ]
10_3 [ | 1 | | ,8 10 H | R ] H
0 2 4 8 0 2 4 8
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HELAC-ONIA predictions differ in amplitude and shape
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arXiv:1810.07907, submitted to PRL

J/p, DYin p(Ar,He) at /sy = 87, 110 GeV

— O0p——— 7]
S — ]
§ 70 f_ LHCb \'Snn = 86.6 GeV pHe _f
= - 4— LHCb data .
£ 60 QN pHe x144 CT14NLO+nCTEQ15 E
—é‘ 50 E— pp X 144 CT14NLO ; E
. —
% 40 _ _ —]
2 E :
DD 30 —
o 20 E_ e _E
E 2 €[0.17,0.37] ]
10 ;_ ..................... s _;
- L L

0 -2 -1 0
y*

e Substantial intrinsic valence-like charm content of the nucleon expected in some theories
J. Pumplin, H. L. Lai, and W. K. Tung, PRD 75 (2007) 054029; S. Dulat et al, PRD 89 (2014) 073004

* Would contribute at large Bjorken-x and could be visible in most backward bin of pHe data
 Data seem to agree with predictions without any intrinsic valence-like charm contribution
* No evidence of substantial intrinsic charm content of the nucleon observed
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Hadrons with Beauty
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JHEP 07 (2018) 134

Y(nS),—1 23 in pp at sy = 13 TeV

— 10’ — T ——
: : : S (@)
* Previous measurements (RHIC, LHC) showed increasing > gasss= T Y(1S) rHo
suppression of higher states ("melting") % '*ft&h
* Decay channel: Y(nS) -> uu = 10 *ﬁia E
. : 2 : , 2 4-20<y<25 s I ]
* Double diff. cross-section d?c/dp.dy times muon branching e L 2.5<y <30 = S
. —+-30<y<35 A
fraction for Y(1S), Y(2S), Y(3S) %‘ 35<y <40 e
* Also computed ratios of 13 TeV data to 8 TeV data oS0 HA0syeAs 3
0 10 20 30
I — SASSUAS A
~ T T T T L g ® E
‘é 80000 ” B E iffﬂiﬁ Y(ZS) LHCb E
N [ LHCb —+ Data i 5 1 Jagses: ]
5 [ 5=13Tev [ —— Total fit - = e,
= 60000 |- 7 Signals 1 F L IReG e
- - X 4 S 1 5<y<3. A= =
(\:]/ - 2 Background . 5 —+-30<y<35 ;i
< i i = —~+-35<y<40 ]
% 40000 3 ! 0< P, <30 GeV/e | mg 10”! lf4~‘0<.y <.4'5. e =
= 5 B i 0 10 20 30
) i B 20<y<45 i p{T(25)) [GeVic]
o) i ] !. i % 107 E (C) T T — . T ' T T 3
S o > F :
SR 1 ¢ [, YOS e
- J § G ﬁtti"‘** :
" o T g i + :ﬁfﬂr
Ol ity S B 2L Hweas T ]
9000 10000 11000 b 3o<y<3s — - =
tu 2 ) +35<y<40 ——
M(Alt ﬂ) [MeV/C ] “.'g 107! = —+—4.0<§<4.5 E
0 - 1I0 I I 2I0 I I 30
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JHEP 07 (2018) 134

Y(nS),—1 23 in pp at sy = 13 TeV

do/dp_xB [pb/(GeV/c)]

RiS/ 1S

Good agreement with NRQCD predictions

E| % — |
o | #20<y<2s
. +425<y<3.0
+ 1°(15) 3 [+ 3.0<y<35
+1(29) 5 S5 4-35<y<40
+1(39) Theory arXiv: 1503.08439 7 4+-40<y<45
L 1 L 1 L n n
5 10 15 +
p(I) [GeV/c] R ++
Enhanced suppression of n>1 states at low p-
No significant dependence observed ony |
0
N T ' 0 10
- 20<y<45 (©)
04+ LHCb B
' + rQsyrs)
—4- < . .
L rGsyras) ++_._—-—-— _ < TG o LHco ]
i e L 51 ii:‘;iiiié + Y(2s) |
0.2 f-g——=— T | 4+40<y<45
- _A__‘_—A_ . gy
A—_A_ | =S
-—A—A——A—_‘_ | % - _*_3—
0 | | 30
0 5 10 4 (T(2S)) [GeV/c]

Ratios of 13 TeV data to 8 TeV data
e Consistently above unity
* Growths with p; and y for all states

LHCb

+ Y(1S)

pT( ) [GeV/c]
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JHEP 11 (2018) 194

Y(nS),—1 3 in pPb at /sy =8.16 TeV

21x luminosity compared to previous LHC measurement at 5 TeV

Decay channel: Y(nS) -> pu
Double diff. cross-section d?c/dp,dy

for Y(lS) and Y(2S), integral for Y(3

- P <25 GeV/e E
m 8.16 TeV

4 pPb,Pbp |
EPPS16 ]
nCTEQI15 B

[ ] EPSO9LO+comovers -
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o 2F
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Nuclear modification R :
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Some disagreement at low p; ot
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R(Y(S2))

JHEP 11 (2018) 194

Y(nS)n 123 1N pPb at /sy = 8.16 TeV
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OEis

rrrT E "Suppression factor" "nuclear modification" of "suppression factor"
_:1L§I<(yjl:<4.o | RT(ns)) = [L/rdy 1 (T(nS))  gur(ns)1aS) _ R(T (nS))ppblpbp
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BY, B*, A% in pPb at /sy = 8.16 TeV

* Double diff. cross-section d?c/dp.dy, see paper for many more plots & tables

g\ 500 . . T T (/\l;\ 2 50 :|_ | LA L B B B EN B B B B BN B L B B 4:

L) - -

= 450F LHCb pPb S [ LHCb pPb ]

_ V200 |san=8.16TeV .

é) 400 |syn =8.16 TeV +Data = - w + Data ]

o 350 —Fit () C —Fit ]

B+ DO+ =300 — Signal + 4+ =150 — Signal .
. =250 o B > J / Wf P C B partial ]

% B A5 @Partla] 5 . 1

(:‘0 4 . . +~ — . . —

0 + = 200 35559 [ Combinatorial J — 5 100F i Combinatorial ]
— m S s = N ]
2150 Bt W5 oDk 2= C BB —inyr ]

QRRRRRAXN - .

Y S 50F ]

< I C ]

O b O Bt N

N bt ud B Y ]

é%)OO 5200 5400 5600 5100 5200 5300 5400 . 500
m(D %) [MeV/c?] m(JIWK*) MeV/c?]

fp r T T T T ] e 120F T T T T T T T T T T ]
0 250 - Q C ]
= " LHCb pPb ] S LHCb pPb ]
é) 200 C VS = 8.16 TeV +Data ] é) 100 T VSw = 8.16 TeV +Data ]
o C —Fit ] o 80k —Fit ]
BY - D™ n T Sisof — Signal 1A S At = — Signal ]
~ r . 1 b C ~ - . .
D- Ktom—n— % C B partial ] " n @ 60~ B partial .
— T = 100 [ Combinatorial Ac — P K7 = C ¥ Combinatorial ]
ke r _ ] = N - -
S Mg W B-DK* . 5 40F WA -AK ]
=) s ] =) . 1
S B ] S 20 it =
SRR Y ] . ]
M . o EREEEEEE b

oo 5200 5400 5600 5400 5600 5800
m(D™ ) [MeV/c?] m(/l;r 7)) [MeV/c?]

Low backgrounds in invariant mass distributions
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BO, B*, A% in pPb at \/s,\,,\, = 8 16 TeV

Nuclear effects

Small effects in agreement with predictions 1257

Similar for all analyzed b-hadrons o;
Comparable to non-prompt J/1 from 0.6
b-decays 04
Smaller than for prompt J/y 0.2
(as expected from b-mass > c-mass) 0
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Candidates / (5 MeV/c?)
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Phys. Rev. D 99 (2019) 052006

=, " inppatys=7,8,13TeV

Measured production ratios, production asymmetry between =, and EEL, mass
Decay channel £~ ->J/Yy E-and E=-> Am”
Measure production ratios instead of absolute branching fractions

Lack of knowledge of fragmentation fractions for decay products
Measure ratio to kinematically similar decay A,° ->J/1p A instead (see next slide)

A
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Phys. Rev. D 99 (2019) 052006
=, " inppatys=7,8,13TeV

Trick: Replace branching fraction by decay width x life-time

‘1’— from PDG
1%2 fer B(Sy = JWE7)  f=r (S5 = JpE7) =
fao B(A) — T A) fao ['(Ay — Jfp A) TA9
T \ Y J

wanted: production fractions 3/2 in SU(3) flavor symmetry (assumed)

J=;

r b = (6.7£0.5+05+£2.0) x 1072 [/s=7,8TeV],
Ay

J=;

fa0

* Production asymmetry of =,~ at 7,8 and 13 TeV compatible with zero (not shown)
* Mass of E,~ also measured relative to A, ° to cancel uncertainty of momentum-calibration

measured

= (82+0.7£0.6£25) x 107 [/s =13TeV].

m(Z,) = 5796.70 & 0.39 4 0.15 4 0.17 MeV/c*  (with PDG mass of A,?)

Hans Dembinski | MPIK Heidelberg, Germany 28



Summary

* LHCb has rich and broad physics program:

Many new and updated precise inclusive production cross-sections for c- and b-hadrons

P(2S) in pp at 7,13 TeV LHCb-PAPER-2018-049, submitted to JHEP
Asymmetry of D.*-in pp at Vs, = 7,8 TeV JHEP 08 (2018) 008

Prompt A_*in pPb at Vs, =5 TeV JHEP 02 (2019) 102

J/y, D%in p(Ar,He) at Vs, = 87, 110 GeV arXiv:1810.07907, submitted to PRL
Y(nS),_ , 5 in pp at Vs, = 13 TeV JHEP 07 (2018) 134

Y(nS) .1, 5 in pPb at Vs, = 8.16 TeV JHEP 11 (2018) 194

BY, B*, A% in pPb at Vs, = 8.16 TeV Phys. Rev. D 99 (2019) 052011
E,inppatvs=7,8,13TeV Phys. Rev. D 99 (2019) 052006

e Comparison with predictions from pertubative QCD improve understanding of
nuclear matter effects, mostly good agreement

* Cross-section ratios useful to reduce uncertainties on experimental and theory side

CEP of J/y and y(2S) in pp at 13 TeV JHEP 10 (2018) 167
Also see Marcin Kucharczyk talk at 11:05 on "Soft QCD and Central Exclusive Production at LHCb"
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Backup
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JHEP 10 (2018) 167

CEP of J/p, ¢(2S) in pp at 13 TeV

Central exclusive production
« Diffractive process: pp = pXp, X = meson, protons remain intact
* Fusion of photon and pomeron

photon (spin 1) + pomeron (spin 0) = vector meson (spin 1)

* pQCD calculations available for charmonium production

* Probes gluon PDF down to x = 2x10°®, possibly showing saturation effects

Experimental signature: no activity in LHCb except two muons, low activity in HeRSChel

Results: Differential cross-sections in y (MC corrected for fiducial acceptance to muons)
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Discrimination of CEP events with HeRSChelL
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JHEP 10 (2018) 167

CEP of J/p, ¢(2S) in pp at 13 TeV

Good agreement of data with NLO calculations
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Deviations from simple power-law observed for yp->J/yp, in agreement with JMRT prediction
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