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The LHCb detector

Calorimeters
energy measurement

RICH detectors e/vy identification

e LHCb is the only dedicated AE/E =1% @10 %/VE (GeV)

detector (at LHC) fully

K/m/p separation
e(K—=K) ~ 95 %,
mis-ID e(m—K) ~5 %

instrumented in forward
. Vertex Detector

region reconstruct vertices

decay time resolution: 45 fs

Impact Parameter

resolution: 20 um

* Unique kinematic coverage

2<n<5

* A high precision device, 4
down to very low-p,
excellent particle ID,

precise vertex and track

Dipole Magnet . Muon system
reconstruction. bending power: 4 Tm Tracking system u identification
v momentum resolution s(p.—>p) ~97 %,
[ JINST 3 (2008) S08005 ] Ap/p =0.5%-1.0% mis-ID e(r—p) ~ 1-3 %
[ IMPA 30 (2015) 1530022 ] (5GeV/c-100 GeV/c)
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LHCb running modes and kinematic coverage

Both the collider mode and fixed-target mode

. . Kinematic acceptance
running at the same time P
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» Ultra-peripheral collisions (UPC): Two nuclei
bypass each other with an impact parameter

greater than the sum of their radii
b>R1 + R2

* Photon-induced interactions are enhanced by the
strong electromagnetic field of the nucleus

* CoherentJ/{ and (2S) production gives constraints

on the gluon Probability Density Functions,

* (J/U)/ P(2S) ratio measurement is helpful to P P
constrain the choice of the vector meson wave Pb__»—""—Pb Pb_ »— L ~— P’
function in dipole scattering models [e.g. PLB 772 Coherent J/{ production:  Incoherent J/{ production:
(2017) 832, PRC (2011) 011902] photon interact with the  photon interact with particular

whole nucleus coherently nucleons in the nucleus
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Ultra-peripheral and peripheral photon-production

N . LHCb-PAPER-2022-012, arXiv:2206.08221
Cross-sections:  do) N . , —

dr L x Etot X B(Y— ptp—) x Ax
Step (1): mass fit

Event selection:

require a near empty detector with only two long tracks

reconstructed, with acceptance cuts:

2.0 <n* < 4.5,pk > 700MeV,

prt < 1GeV, |A¢,,| > 0.97

HERSCHEL detector [JINST 13 (2018) 04 P04017] is used

to further purify the selection

* Signal extraction: The (1) charmonium yields are
extracted from dimuon mass fit, then the (2)

coherent part is extracted from a In(p,?2) fit

Step (2): In(p,2) fit
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* Integrated cross-section and ratio:
0;73 = 5.965 + 0.059(stat) + 0.232(syst) + 0.262(lumi) mb,
ofp"(’és) = 0.923 + 0.086(stat) + 0.028(syst) + 0.040(lumi) mb,
a5t /0gss) = 0.155 + 0.014(stat) + 0.003 (syst).
* Differential cross-section vs. rapidity (compared to pQCD and color-dipole models)
* The most precise measurement for coherent J /1y production in PbPb UPC in the forward rapidity today;

* The first coherent Y (2S5) measurement in forward rapidity region at the LHC.

Ultra-peripheral and peripheral photon-production

LHCb-PAPER-2022-012, arXiv:2206.08221

Guzey et al.: PRC 93 (2016) 055206,
PRC 95 (2017) 025204,

Krelina et al.: PRC 97 (2018) 024901,
arXiv:2008.05116

Mantysaari et al.: PLB 772 (2017) 832,
PoS DIS2014 (2014) 069, PRD 74
(2006) 074016

Goncalves et al.: PRD 96 (2017)
094027, EPJC 40 (2005) 519,

® (ata
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Ultra-peripheral and peripheral photon-production

LHCb-PAPER-2022-012, arXiv:2206.08221
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LHCb

PbPb /sny = 5.02 TeV

Coherent 9(2S) productio
2 <y < 4.5

Luminosity unc. : 4.4%

0.10

* Differential cross-section vs. charmonium pt (compared to pQCD and color-dipole models)

e The first and most precise measurement of the coherent J /Y and ¥ (28) production cross-section vs. pt in PbPb
UPC today.
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Ultra-peripheral and peripheral photon-production

LHCb-PAPER-2022-012, arXiv:2206.08221

—e— LHCb 2018

5.5 p]ll I r‘\l ‘l\\l I T 1 T 1 I UL I LI B R e LHCb 2015
E RN —a— ALICE
: - Guzey et dl.
| | - , ", PbPb /BN = 5.02 Tev-] 2270
* The J /3 measurement is compatible B e LG o 3 PERAUEEION === TS
6B —— EPS09

with 2015 and ALICE results.
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Krelina et al.
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Probe nuclear modification with Z boson

1E{tjr. Phys. J. C(2017) 77 :163,
Lfeepsie T T T

& L3

& 1.2 antishadowing maximum

Z bosons are unmodified by the hot and dense =
medium created in heavy ion collisions,

* Their leptonic decays pass through the medium Forward |

without being affected by the strong interaction. | backward

e “conserved” the initial conditions of the collisions.
107

* |deal probe of cold nuclear matter effects at 816 TV pPb  Other Collision Systems
, . _4 _3 1 6| M LHCb LHCb 110 GeV
Bjorken-x in 107 < x <1072 and 107" < x < 1, _ﬁ"{%g\s/“‘s BN HERA
W|th Q2~104G6V2 . 107} XY ALICE Muon
* A calibration channel for probing the nuclear %10*
modification using other processes such as heavy % 10°
quark production. 102
10!

107° 1077 107 1073 1072 1077 10"
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LHCb-PAPER-2022-009,

/ production in pPb collisions e o

Forward: 268 events Backward: 167 events
T T | — T — ] S T T T T T T —
* LHCb pPb dataset at 8.16 TeV about 30 nb™. 120 LHCb ~®- Data E 80F LHCb o Duta E
> - pPb \syy = 8.16 TeV 1 S 70F pPb sy -8.16Tev =
* Fiducial volume: 8 100 :_ Forward — Simulation _: Cq.b) 60 E_ Backward — Simulation _;
u @’ 80 :_ _: 93 50 g_ _g
pr > 20GeV, 2.0 <n, <4.5, > : 1 : E
60 < my, <120 GeV £ 6op 1 £ f h E
= ok 1 T 30F (b) g
« Cross-section: - 1 b + E
o _Ncand'p'fFSR O 20 4 © 10§_ —|¢L'\ _§
Zopp — N ] s 3
L-e 0 : _— 0 : — ® . . e
] 60 80 100 120 60 80 100 120
* Forward-backward ratio: m,,. [GeV] m,.. [GeV]
0(1.53<y;};<4.03)
Rpp = — ) - kg
(—4.97<yp<-247) * The cross-section, Rpg and R,p}, are measured as a function of y, p#%, and
e Nuclear modification factors: by = tan(¢acop/2) / cos(an/2) (@an angular variable equivalent to p#% w/o uncertainty from
R, 1 O(pPb, 1.53<y;<4.03) I momentum calibration).
Pb — ) * Kppb
P 208 O (pp, 2.0<y;,<4.5) P N

krg and kppb are the corresponding muon rapidity acceptance correction factors.

* pp reference cross-section at 8.16 TeV is interpolated from LHCb 7, 8 and 13 TeV
results.

Hengne Li ICHEP 2022, 6 — 13 July 2022, Bologna, Italy 10



/ production in pPb collisions

by

LHCb-PAPER-2022-009, arXiv:2205.10213

50 |
* Total fiducial cross-section: - CTEQ6.1 LHCDH i
B CT144+EPPS16 7
O0z-up, fwd. B Pb /sxy = 8.16 TeV .
_ : | CTEQ6.14+nCTEQ15 P D == 155 ]
- 269 + 1.6(stat.) + 0.9(syst.) + 0.7(tumiJnb 40 C 4+ Dai P :
Z"I«lﬂ» bwd. .—Q — EBackward = 18-6nb_1 -
= 13.4 + 1.0(stat.) + 0.5(syst.) + 0.3(lumi.) nb =, 20 & b
* Compatible with theoretical calculations using < F + -
POWHEG v2: +3. B Forward: 1.5 < y; < 4.0 N
| — Backward: —4.0 <y, < —2.5 —
for both Eg 20 - 7 -
+ CT14 (PDF) for p and EPPS16 (nPDF) for Ph S - ¢ .
« CTEQ61 (PDF) for p and nCTEQ15 (nPDF) for Pb 10 —
* Forward (small Bjorken-x) results show strong E E
constraining power on the nPDFs. 0 '
Backward Forward
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/ production in pPb collisions  tuco-paper-2022-000,

arXiv:2205.10213
Forward backward
“10 R T T T l 1T T | LI ILII—I'IC}I T I LI i 4(] T r T - I r T r T I T T T T
i H i - . > - I ‘ LHCI
* Differential cross-section as a o b T mvewesenw | . [ mmomor o WED
2,30+ CTEQG6.1+nCTEQ15  Forward — "g 30 -_ CTEQG.I—I;CTEQIS Backward ]
H * * [ * N + Daia 13 <yz <40 ] I_N. 4 data -40<yy <-25 g
function of y; and ¢, : S Sl
y* \ELQU N _._+_ _ \E 20 b _
. + a + ]
* In good agreement with Z = “ES (a) X B
=N 10 — EN 10 - ]
. . e 10 e ] g 10
theoretical predictions. LA S I =
() i L1l 1 l | I I | I T I 0 '_I—I.]_l_ 0 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ]
* Forward: smaller uncertamty 1.5 2.0 25 30 3.5 4.0 —4.0 -35 =30 ~2.5
Yz Yz
than prediction, constraints on B LHO, o LHG J
= 10 ? pPb /35N = 8.16 TeV ? T 10 f' pPb /5N = 816TeV 3
n PDFS. \*L 1()_) ;_ —4—_._ Forward ?: ,*;, 10_) ‘—'—_._ Backward .
Y i —eg E < -
e Back d- taint ¢* 3 10' CTEQ61L = 4 3‘ 10! CTEQ61 - o 3
dcikward. larger uncertainty N = F S Crecermcreqn (8) 3 & CTEQG +CTEQLS (b)
h d . . _ ,F 1()1) - + Data — < _ fr‘ 1()() _+_ Data ?
t a n re |Ct|0ns. Eé\] f 1.5 < yy <4.0 f '-Egl —4.0 <y < —25 ;
P =S 107 E - = 107! !
1()*2 : 1 1 IIlIlIl 1 1 lllllll 1 1 Illllll 1 1 lIlllI: 1()*‘_) 1 1 lllllll 1 1 Illllll 1 1 lllllll 1 1 11113
0.00 0.01 0.10 1.00 10.00 0.00 0.01 0.10 1.00 10.00
o) o
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for TMD (transverse-
momentum-dependent PDFs)
studies.

Hengne Li
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/ production in pPb collisions Lo ren2022-005,
arXiv:2205.10213
Forward backward
. . . = 101_E LHCH J = w T T ;
* Differential cross-section as a ORI RS E R B S
f ti f YA = 1 T = = — . 3
° —_— E s 3 _— — — .
unction o pT * Z K CTEQ6.1 —is ] N 107! CTEQ6.1 E
. . . 3 101 b CTL+EPPSI6 —— 4 3 CTU+EPPSI6 —— 3
Compatible with theoretical pT D S OTBQS 1+2CTEQMS (a) 3 Lie | T )3
predlctlons. | Eélo%g— e _+_? g§103 T —f—_
Smaller uncertainty than ol ] ) I R
.« L. 1 10 100 1 10 100
prediction for forward p7 [GeV] p7 [GeV]
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[T T T T I T T T T I T T T T l T T ] . T I T T T T | T T T T I
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Low-PT results are given, useful + Data 15 ys < 10 + Data

—
[$]
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/ production in pPb collisions
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LHCb-PAPER-2022-009, arXiv:2205.10213

25 I .
- CTRO6.1 LHCb ]
2.0 r g%]{:&Elf;PSClﬁ(}EQT pPb \/sxy = 8.16 TeV ]
B -4 9 Lromara = 122nb7! i
Forward-backward ratio measured in common C + D Lo = 1862 ]
« qe . 15 — Forward: 2.5 <y < 4.0 —
rapidity window 2.5 < |yz| < 4.0: ETF 0 e @
« Total Rgg = 0.78+0.10 10| . .
B T i
* As a function of y7, p%, and ¢;‘7 , see plots 05 F 3
A general suppression below unity. 0.0 L - -~ ]
Compatible with theoretical predictions. vzl

Higher precision in total Rgg and certain bins as a 30—
function yz, pf, and ¢; can constrain the nPDFs. 2.5 mmCTULEPPSIS  pPb ymw = SI6TY
E e [C)j[t].-:QG.1+nCTEQ1:3 Loomma = 122107 E
2.0 ) a< B Lhackward = 18.6 17! -
m E gack“ id2 —4 Oyi yz4<0 2 5 E
51.5 — —
Lo f s
05 E =
0.0 : il el ]

1 10 100

Pt [GeV]
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/ production in pPb collisions

LHCb-PAPER-2022-009, arXiv:2205.10213

Inclusive nuclear modification factors: 25
R, =0.94 + 0.07 CT14+EPPS16 LHCD
f CTEQG.1+nCTEQLS et
Ro¥, = 1.21£0.11 2.0 4 Data sPb \/5rx = 8.16 TeV

Compatible with theoretical predictions. Forward: 2.0 < y, < 4.0

LForward =12.2 nb_l
'CBackward = 18.6 nbil

Suppression in the forward and enhancement in the 1.5 Backward: —4.0 <y < —2.5
« e D—!

backward are visible. = +

Forward (small Bjorken-x) results show strong &= 1.0

constraining power on the nPDFs.

1.4
&= 13
Q‘-\ L
5 12
=

LEPPS16 |

0.5

antishadowing maximum

IIIIIIIIITI

0.0

Forward f'
‘ backward Backward
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/ production in pPb collisions

LHCb-PAPER-2022-009, arXiv:2205.10213

y z pT ¢y

2.5 B T T T T l T l l T T T T _l T T 1T III‘ T = 3.0 | T T IIIVHI T T IIIIIII T T IIIIIII
F CT14+EPPSI16 LHCb ] 3 [ CT14+EPPS16 LHCb N _F CT14+EPPS16 LHCb , N
. . 20 F CTEQ6.14+nCTEQ15 PPb /sxy =8.16TeV 2L CTEQ6.1+nCTEQ15 pPb \/sxy =8.16TeV | 28 e CTEQ6.1+nCTEQ1I5 pPb \/sxy = 8.16 TeV
[ N I d f . Dats Fnl‘\\';u’(l _ i Dats Z ] - Data Orwar g
uclear modification L - [+ D b e _
r Z 20<yy <4 T zU - 20<yz<4 "

factors as a function of
* YA *
Yz, Pt and ¢11

Lol Lyu a1y
f—

1:5 _— . 292+ — = _F ]
H— N g g . L0 :

forward
Rypy,

. Compatlble Wlth UU: 1 L L1 | f L ! | 1 L 1 | g 1 : .. -I i i 3 lll“] 5 31 % 11111[ 5 =) 00: 1 Illlllll 1 llllllll 1 11111111 1 lllllll-
2.0 2.5 3.0 35 4.0 0 1 10 100 0.00 0.01 0.10 1.00 10.00

theoretical predictions. W o2 [GeV] 0"

° 2.:) T T T T { ] T T T T T T T T T L T T mTTTTT T 3.0 T LB T rrrn T T
° C | 1 ] [ T \ ] : T T T
Constraints on nPDFs are = | smeners,  LHOD 1 L F emcnimm LI 1 b e | LHCH ]
o« . . . . . Pl 20 CTEQ6.14nCTEQ15 PPb Vsxy =8.16TeV L CTEQ6.14nCTEQLS pPh\/K 816TeV | 25 ('TEQG.Hn(‘TEQlS pm.m:a.wm' =
visible in certain bins in @ p 4w el [+ N z
= 2 Yz o -40<y; < - T 2.0 —40<yz;<-25 ~]
~15F ] - ] a ]
case of forward E S — L 1 z22F + _ :11.5 + ;
¢ = L b Wiy
collisions. @ O p—— 1 1 ok ++ :
C ] L ol ,
. 0.5 F B i —t— t | 05 F .
r (b) 1 [ (d) ] :
: : T T 0 C vl raaanul ool NIRRT
0() g g a A 5 3 3 9 J 3.3 53 3 0 | I vl P Lol I 0.
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Conclusion

by

c A measurement of exclusive coherent J/{ and y(2S) production and
their cross-section ratio in UPC PbPb collisions using 2018 dataset.

* The coherent J/{ production measurement and coherent
P(2S) measurement in forward rapidity region for UPC at LHC.

* The measurement of coherent J/ and (2S) production cross-section vs. pt in
PbPb UPC.

c A Z boson production measurement in pPb collisions at 8.16 TeV

* The differential cross-section, Rgg and R,p}, as a function of y, p4, and ¢y are
measured in the forward region at LHCb.

* The new results are compatible with nCTEQ15 or EPPS16 nPDFs calculations.

e Forward (small Bjorken-x) results show strong constraining power on the nPDFs.
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Supplementary material for LHCb-PAPER-202
009

https://lhcbproject.web.cern.ch/Publications/p/LHCb-PAPER-2022-009.html

» Concerning the difference between the fourth data point (19 < & F
pPZ T < 34GeV) and the corresponding theoretical prediction in g 1 ;-
the differential fiducial cross-section measurement as a a, T N A
function of Z boson pT, a detailed study has been performed. 10”" E
* This study excludes possible bugs from data quality, efficiency 107 E
estimation, beam crossing angle, geometry acceptance, track 10-3 R WY A
reconstruction quality, and possible contributions from missing E_
backgrounds such as standard model ZZ. 104 é_
* Therefore, it is concluded as a statistical fluctuation. 1075 é_
* The p-value and the corresponding local significance of 106 -
differences between the measurements and the PowhegBox E
predictions are shown in Fig. 1. The p-value of the fourth data 107
1

point corresponds to about a 3-o significance.
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