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LHC) DETECTOR

LHCb detector: located at the LHC, fully instrumented in the pseudorapidity () range
2 <n <), partiallyin =35 <y < —-1.5.

* Designed for b- and c- e [ i
physics, but functions as a \
general purpose detector.

*  Very high p resolution and
particle identification
performance.

* b- and c-jet tagging based

on exceptional vertex

reconstruction system.
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https://cds.cern.ch/record/1129809/files/jinst8_08_s08005.pdf

PARTON DISTRIBUTION FUNCTIONS (PDFs) AT LHC)
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JIy, w(2S) CENTRAL EXCLUSIVE PRODUCTION IN pp COLLISIONS



CENTRAL EXCLUSIVE PRODUCTION IN pp COLLISIONS

*  CEP event: diffractive process of theformpp - p+ X +p
*  Looks like this at LHCb:

Inelastic pp collision CEP pp collision, JIy — utu~
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CENTRAL EXCLUSIVE PRODUCTION IN pp COLLISIONS
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*  CEP: diffractive process of theformpp - p+ X +p

* Mediated by the exchange of a colourless object.
n vs azimuth ¢ for diffractive pp interactions

based on [arXiv:0806.0883]

* The cross-section for J/y and yw(2S) central

exclusive production can be calculated in ¢
: : : Single diffraction
pQCD and (at LO) is proportional to the

square of the gluon PDF, g(x).

¢

Double diffraction

With LHCb:

CEP elastic

» In pp collisions: probe g(x) at very low

Bjorken-x values, down to x ~ 107,

CEP inelastic
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http://arxiv.org/abs/0806.0883v3

HERSCHEL: HIGH RAPIDITY SHOWER COUNTERS FOR LHC)

* Need to detect proton remnants — increase the LHCb coverageto 1.5 <5 < 10
in the forwardand —-10 <y < =5, —3.5 <5 < —1.5inthe backward regions
with HeRSChel.
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https://arxiv.org/abs/1801.04281

CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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Backgrounds:

*  Continuum dimuon production (yy fusion).

*  Peaking at the J/y mass: y, feed-down (IPIP
fusion), w(2S) feed-down (yIP fusion).

* Inelastic production: a proton dissociates or sseseeeseesenes o
there is gluon emission.
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https://cds.cern.ch/record/2622688

CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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*  Build a figure of merit with the HeRSCheL information to measure the activity in the
detector: log()(fmc) . No (low) activity = elastic CEP!

Chosen cut : log(;(éRC) < 3.5, efficiency = 0.723 = 0.008
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*  Estimate inelastic background by using two samples: above and below HeRSCheL veto
(more in backup).
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https://cds.cern.ch/record/2622688

CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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*  Signal extraction: remove background from each sample, fit the remaining curve with a
single exponential.

* Regge theory: da/dp% ~ eXp(—bSigp%), by R 6 GeV~2 = In agreement!
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https://cds.cern.ch/record/2622688

CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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*  Cross-section calculation per rapidity bin y with &, . = 204 = 8 pb~!:

oy - Nsig
dy €rot Ay " €single gtot

* Integrated luminosity, &, multiplied by the fraction of events with no additional

interactions, €gjpqe-

Ol = = 435 £ 18 (stat.) = 11 (syst.) = 17 (lumi.) pb O(2S) s utp- = I11.1 £ 1.1 (stat.) £ 0.3 (syst.) =£0.4 (lumi.) pb
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https://cds.cern.ch/record/2622688

CEP J/yy AND y/(2S) IN pp COLLISIONS AT /s = 13 TeV
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[JHEP 10 (2018) 167]
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Photon-proton cross-section, o W.):

p—”/’l?(

LHCb data Calculated Taken from HERA
dn v dn v
Opp—pyp = T (W+)k+a p—>l//p(W+)+r (Wo)k_ dk Vp—>l/fp(W—)

+ —

v

r(W,) is the gap survival factor

v

ky = M, /2¢*P! is the photon energy

v

dn/dk, is the photon flux

v

W, = 2ki\/§ is the yp system invariant mass

*  2-fold ambiguity: W, W_ contribute to the same

LHCDb rapidity bin = we fix W_ from the HERA H1
parametrisation.

*  Working on an update with more data!
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https://arxiv.org/abs/1304.5162
https://arxiv.org/abs/1304.5162
https://arxiv.org/abs/1304.5162
https://arxiv.org/abs/1304.5162
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/Z BOSONS PRODUCED IN ASSOCIATION WITH CHARM



INTRINSIC CHARM (IC) WITH Z + C-j@t [LHCB-PAPER-2021-029]
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*  Proton charm content:
v Extrinsic charm, from perturbative gluon radiation (g — ¢).

? Intrinsic charm (IC), as valence-like c-content in the proton (proton as | uudcc)).
b Predicted by Light Front QCD (LFQCD).

x Former measurements done at low-Q?: difficult theoretical treatment of hadronic and
nuclear effects.

*  Global PDF analyses do not exclude IC at the percent level!

—~ LA I R R R L A FL AL R AL
. > 0.14 Central Region < = Forward Region
* Measure £¢ = o(Zc)/o(Zj) in the forward \N“o " <2 20 < ) < 43
region (hadronic and nuclear effects L pr(j) > 30 GeV 2.2 < n(j) < 4.2

pT(7) > 20 GeV

negligible). o 0.1

»  Zcis at high-Q?, forward rapidity = high-x.

—— LFQCD (z)1c=1%
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-029.html

INTRINSIC CHARM (IC)WITH Z + ¢ -jet [LHCB-PAPER-2021-029]
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*  Full Run 2 pp dataset corresponding to 6 fb-! of integrated

luminosity. /f){_é___ jet
DV
* Measure %JC = N(c-tag)/[e(c-tag) - N(j)]
S LHCh -
x Select events with Z — u*u~ and at least one jet with S 100F 6fb-! E
~— " 20 < pr(j) < 100GeV ]
pT > 15 GeV/C. § 805_ 2.0 < y(Z) < 4.5 _:
< SR E
'_g 40 =gharfcn —
o) cau ]
. . . . . . O 20 -Lighty
* ldentify c-jets using displaced-vertex (DV) tagger in bins .
of pr(j) and y(Z):
»  Perform 2D fit to corrected DV-mass and number of tracks in 2 1200
DV (templates obtained from calibration samples). = 000
A=
= 800
Mey(DV) = 4/m(DV)? + [p(DV)sin 6] + p(DV)sin 0 0
400
»  Unfold p1(j) distributions of Z.and Z; yields in each y(Z) bin. 200
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-029.html

INTRINSIC CHARM (IC)WITH Z + ¢ -jet [LHCB-PAPER-2021-029]
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* c-tagging efficiency, e(c-tag), determined in simulation and corrected by using tag-and-
probe on a dijet calibration sample as the ratio of:

»  DV-tagged c-jet yield obtained through the same procedure as for Z,.

»  Total number of ¢-jets: reconstruct D - K=z%, Dt - K n*r*correcting for detector
response and branching and fragmentation functions.

*  Ratio of Z, and Z; cancels most systematic uncertainties.

* Dominant systematic uncertainty related to the c-tagging efficiency.

Source Relative Uncertainty
c tagging 6-7%

DV-fit templates 3-4%

Jet reconstruction 1%

Jet pr scale & resolution 1%

Total 8%
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-029.html

INTRINSIC CHARM (IC) WITH Z + C-j@t [LHCB-PAPER-2021-029]
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* Comparison to SM predictions with no IC, IC allowed and IC with mean momentum
fraction of 1%.

*  First two y(Z) bins consistent with both no IC and IC allowed.
* Data consistent with IC models in the highest y(Z) bin!

b ~ 30 away from no IC theory.

* Results need to be added to global PDF analyses to draw conclusions.
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0-02__ m NNPDF 3.0-IC allowed ]
[ 4 CT14+LFQCD (z)1c = 1% ]
P T T T NS TN SR TR T NN S T TN SR N SR SN S S S SR S N
) 25 3 35 4 45

Cristina Sanchez Gras Low-x — 27 September 2021



https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-029.html

CONCLUSIONS
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* LHCb operating as a general purpose forward experiment, complementary to ATLAS
and CMS.

*  For low-x: J/y, w(2S) CEP, update with more data coming soon, higher statistics for
w(2S).

*  For high-x: the Z + ¢ jet measurement shows the first direct evidence of IC.
» Inclusion in global PDF analyses pending.

»  Measurement statistically limited, stay tuned for update with Run 3 data!
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HERSCHEL: HIGH RAPIDITY SHOWER COUNTERS FOR LHC)
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Cut-out
~108x230mm

Station B2
z=-114.0m Station B1
z=-19.7m Station BO
z=-7.5m

BTN
- E— ]

Station F2

z=114.0m

* Around zero ADC counts in each counter: no activity

* Long tail to higher numbers of ADC counts: significant activity

x Construct a ¥ quantity to combine the activity in all detectors

F1 LHCb HERSCHEL 2 _ T ~—1
| XHRC — X C X
r L —— pp crossings
-------- After bunch train .
— i L . .
jp— Li—Hq T: < WU
T
ADC counts
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CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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Estimating the contribution of the proton dissociation background:
*  Take p% distribution with non-resonant uu and feed-down bkg removed
*x  Define two samples and define a variable with exclusive events, f:

Sy forlog(;(éRC) < 3.5

5 p =S8 — (1 —ey)ey) Sy with e, the efficiency for a CEP event to be in Sy,
Sgtorlog(xire) > 3.5

*  Proton dissociation bkg: scale ff by f(p%) = SH(p%)/ﬁ(P%)

~ ] —~ E
LS = L 4E E
< _ LHCb unofficial E < 35 E LHCb unofficial 3
4?+ E 3 E
. 25F 3

3 + — =

L + 25

2 F ++ - 15E

E 1F
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https://cds.cern.ch/record/2622688

CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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*  Systematic uncertainties:

Table 1: Summary of relative systematic uncertainties on the total cross-section.

Source Jfp analysis (%) ¢(2S) analysis (%)
HERSCHEL veto 1.7 1.7
2 VELO track 0.2 0.2
0 photon veto 0.2 0.2
Mass window 0.6 0.6
py veto 0.3 0.3
Proton dissociation 0.7 0.7
Feed-down 0.7 -
Nonresonant 0.1 1.5
Tracking efficiency 0.7 0.7
Muon ID efficiency 0.4 0.4
Trigger efficiency 0.2 0.2
Total excluding luminosity 2.5 2.7
Luminosity 3.9 3.9
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https://cds.cern.ch/record/2622688

CEP J/yw AND y/(25) IN pp COLLISIONS AT \/E =13 TeV [JHEP 10 (2018) 167]
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* Photoproduction cross-section, aypéwp(WJr):

dn dn
d_k-l_ayp—n//p(W-l—)_i_r (W—)k—d_k_ayp*w

W)k, (W)

Cppspyp = T

* Two contributions: W, , W_ corresponding to the emitted photon being parallel or
antiparallel to the LHCb beam axis.

* W, contributes 2/3 of the times in LHCb. W_ taken from the HERA H1 parametrisation:
= a(W/90GeV)’, a = 81 +£3 pb and § = 0.67 = 0.03.

Oyp—Jhyp
(a) (b)
p < N > p W — >
[ "— Jhy {,u— Jhy
W.x Y/ IQT
x| [x )
P < P ¢ ’

Figure 2: The two diagrams describing exclusive J/v production at the LHC. The vertical lines
represent two-gluon exchange. Diagram (a), the W, component, is the major contribution to
the pp — p + J/v + p cross section for a J/v produced at large rapidity y. Thus such data
allow a probe of very low x values, x ~ M ,exp(—y)/+/s; recall that for two-gluon exchange
we have z > 2’.  arXiv:1307.7099 [hep-ph]

Cristina Sanchez Gras Low-x — 27 September 2021



https://arxiv.org/abs/1307.7099
https://cds.cern.ch/record/2622688

