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Overview
What to talk about

e LHCDb detector

» [atest Electroweak Physics measurements at LHCb:
W and Z cross-section measurements

« W/Z+jet production

o / / + c-jet production

* Future prospects

Davide Zuliani Electroweak Physics at LHCb 01/16
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LHCDb detector

A “general purpose forward detector”

Ma
« LHCDb, originally designed for b- and c-hadron physics, is now VErtex :
considered a general purpose forward detector LOcatoF -
 Track momentum resolution: 0.4% at 5 GeV and 0.6% at 100 (== 1l e i
GeV "\‘\ 1 =
« Muon ID efficiency: 97% with 1-3% u — & misidentification -Srtr:tci';"sg B orimeters

two RICH detectors

« Electron ID efficiency: 90% with 5% /i — e misidentification
JINST 3 (2008) S08005

 Electron reconstruction: bremsstrahlung recovery and well-

measured direction —iton
B HCal
. . . BN Cal
« Excellent vertex reconstruction system: tagging of b- and c-jets _— Tmikmg
with reconstruction of secondary vertices formed by tracks

inside the jet cone

Davide Zuliani Electroweak Physics at LHCb 02/16
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LHCDb detector

Studying the forward region

|| B Tevatron

 LHCDb allows to test perturbative QCD (pQCD) predictions in a 107? HERA
phase space (2 < # < 5) complementary to General Purpose 10°F féx;gtf;g;tv
' e

Detectors

10° | | LHCD 13 TeV
LHCb 110 GeV

E
» Parton distribution functions (PDFs) and proton structure can be = S.10%}
studied in regions not accessible by other LHC experiments <

* |nteresting region to study Electroweak (EW) and Jet Physics
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10 (2016) 030

reconstruction and identification at LHCDb

o
S

. <10° JHEP

W d t N T | T ! ! | T
pro uc Ion QIZO w= e LHCb data —

g [ 2.00<n<4.25 W —ev -

W — evaty/s = 8 TeV 2 100 VT -
i) L1 Z —ee(tT) ]

» SOF B Rare processes

§ r y(—ee)+jets

» Important measurement to validate the high p(e) £ Ok B Fake electrons

» Fiducial region: py(e) > 20 GeV, 2.0 < x(e) < 4.25

_ o _ _ % 25 30 35 40 45 50 55 60 . 65
e Fit to the electron p distribution to extract the W yield Py (GeV]
. . . . = 1000 ———— ' L L
 Differential cross section as a function of the electron 7 CIE L. LHCb, (s=8TeV -
. : . . = 800 |- ¥ Data, (W")o CT14  —]
Is compatible with the prediction s f 08 Da (e MMETIA ]
CDF ¥ 600 - g4oeod B Data, (W)» NNPDF30_]
J. Phys. G34, 2457 (2007) ™ 1.018=0.025 = r— - Data,, (W) MSTWO08
b B —— N 583¢9%0% 7]
Chin. Phys. C, 38, 090001 (2014) N © 1.123+0.126 © 400 [— » oy .8 2un s ° ABMI2 ]
. Phys. C, 38, - SEURo o HERA1S5 7
LEP (Combined ——
Phys. 1§cpt(.n51;,2,ull?9-g44 (2013) T el 200 _— e — ,_
ATLAS | p¢>20GeV . R
Phys. Rev. D85, 072004 (2012) T 1.006+0.024 B P T el | | O 4 VI O
LW < 102020019 R R SRS UL LA -
Q 08 e — ————— }CASOD:O — }OA‘:? — :V:O:O =
LHCb W* O 1.0240.019 g "21 l: -
08 /. -
LHCb W’ O~ 1.014+0.022 = 2 2.5 3 3.5 4
PPN IR BT B PPN ne

07 08 09 1 11 12 13
B(W —ev)/B(W — pv)
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Z production
/ — uyuand Z — eeat\/g = 13 TeV

+ Lepton final states Z — uu and Z — ee, 294 pb~!
. Fiducial region: 2.0 < n(u/e) < 4.5, pp(ule) > 20 GeV, 60 < M, e < 120 GeV

« High purity samples: 99.2% for Z — uu and 92.2% for Z — ee

« / — uu and Z — ee measured cross-section are compatible within the uncertainties

2 oo Emaembm T LHCb, Vs=13TeV  1ep o9 (2016) 136
ol N 0 Muon - Statistical Uncertainty 4 CTi4
'Ol—é‘ 200 Muon - Total Uncertainty ¥ NNPDF3.0
180 ‘ooz Electron - Statistical Uncertainty ¢ MMHTI4
160 [ Electron - Total Uncertainty CT14
140 * NNPDF3.0
120 i @ _ MMHT14
100 ﬂ
20 (e e i LHCb Z—pp
60 Cup] Easy LHCb Z— ee
‘218 - =) LHCb combination
e
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 l l l l l l l l
2 2.5 3 3.5 4 4.5 160 170 180 190 200 210 220 23
Y, O [pb]
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Candidates / (5 GeV/c?

Candidates / (5 GeV/c?)

Z production
/ — nat\/g = 8 TeV

7T lepton is reconstructed in 4 final states

ICNFP 2021

(a) ., 17.4%

(b) Te, 17.8%

(C) Thl: 50.1%

h
(d) T3, 14.6%

- Analysis with 8 TeV data, ~ 2 fb~!, fiducial region: 2.0 < 7 < 4.5, p; > 20 GeV, 60 < M__ < 120 GeV

e (Combined cross sections from all channel, taken in to account uncertainties correlation:

olpp > 7Z—->171)=958x21x46+x02x1.1pb

 All ratios consistent with 1

N
—~
)
=
=

F(a) N :
400 [- LHCb{s =8 TeV A8 S

r -e-Data \ 2

| #7117 il
300 - Néag’ N\ -
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100 | \\
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20
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Candidates / (5 GeV/c?)

Candidates / (5 GeV/c?)
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= 1.01 + 0.05

= 1.02 = 0.06
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W/Z+j)et

Run | analysis at /s = 8 TeV

« W — uvandZ — uu decay channels

» Fiducial region: py(u) > 20 GeV, 2.0 < () < 4.5,
pr(jet) > 20 GeV, 2.2 < n(jet) < 4.2, AR(jet, i) > 0.5

 Fit to the muon isolation to extract the W/Z+jet yield

o W/Z ratios and WT/W™ asymmetry are also determined

 Measurements are in good agreement with theory predictions

Davide Zuliani Electroweak Physics at LHCb
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Z + c-jet production

IntrlnS|C Charm LHCb-PAPER-2021-029 in prep.
;; 0.14 bellrltrlal IRe;gi(')n '<='=>' F;)rv'vari‘d IRegion o —:
* In proton content charm can be extrinsic (produced by T 012k el > 35.Gov e > G E
gluon splitting) or intrinsic (bound to valence quarks) = o pr(s) > 30 GeV T N Gey E
_ _ _ N _ o o ]
* Intrinsic charm PDF can be valence-quark-like or sea- T 008 Preliminary -
: : - NLO SM -
quark-like, clear signature at x > 0.1 0.06 -
’ - =—— No IC i
» Valence-like intrinsic charm is predicted by Light Front 004 BH 1c allowed =
QCD (LFQCD, not-perturbative) 002F —— LFQCD (a)i0=1% .
\’,,/ X 10" ] y(Z)
107 |
&9999\ 104 41 e (Current limits do not rule out the intrinsic charm content
9 c 10° |~ Q = 100 GeV at % level
c 7 10'1.
\ ,’ ) « The Z+c-jet production in the forward region is sensitive
/ - ... BH - "2/“ ; . . . . .
9999) >~ \ Y i to the high x and high Q7 intrinsic charm component
107 107 10" 10°
X
Phys. Rev. D 93, 074008
g c
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LHCb-PAPER-2021-029 in prep.

Z + c-jet production

Analysis in the forward region S T e R
PR 1| el LHCb =
; 100 reliminary ., _ op- -
~— 80:— 20 < pr(j) < 100 GeV E
* The 13 TeV dataset is used, for a total integrated luminosity - 20<y(2) <45
of 6 fo~! (Run Il condition) < 6OF e 2l
T 40 0 Charm —
ch Bl Beauty -
 Z boson is reconstructed in the di-muon final state = high o W Light

purity sample R i a ety
Meor(DV) [ GeV ]

 Heavy flavour jets are tagged with a Displaced Vertex (DV)

. 2 1200 ' =
technique 5 N LHChH E
= [Ldt=6fb" ’

 The corrected DV-mass and the number of tracks in the DV § 800 Preliminary

are fitted to obtain the flavour components

 Templates are obtained from calibration samples (heavy
flavour enriched di-jets) 200

Davide Zuliani Electroweak Physics at LHCb 09/16
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LHCb-PAPER-2021-029 in prep.

Z + c-jet production

Analysis in the forward region

. . . . — 0.1 L R L I
e Systematic uncertainty dominated by the c-tagging Q i stat ]
efficiency systematic, obtained from calibration samples 5 008 }JHSF})V stat@syst
~— ’ S = € -
.+ Hint of the intrinsic ch in the high rapidity & | S = o elimi :
INt Of the Intrinsic charm component In the high rapiqity N 006k i Preliminary -
interval (3.5 < y(Z) < 4.5) < ¢t : : -
. L o . 0.041 ¢ + 1 =
 Result is statistically limited — more data is needed! - NLO SM _
- e PDF4LHC15-No IC ¢ -
. . 0-02__ = NNPDF 3.0-IC allowed H
Source Relative Uncertainty s CTL4+LFQCD (s)c = 1% .
¢ tagging 6-7% O— A B B S B
DV-fit templates 3-4% 2 2.5 3 3.5 4 4.5
Jet reconstruction 1% y(Z )
Jet pr scale & resolution 1%
Total 8%
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W mass measurement
At LHCDb vs. GPD

« High precision measurement of the W mass is possible at LHCb
 PDF uncertainties are anti-correlated with respect to ATLAS and CMS

* First “proof-of-principle” measurement with 2016 data

» Reachinga ~ 20 MeV precision

» Sensitivity to the W mass by carefully measuring the muon ¢/p distribution

do 3 d g unpol
deW dydMd cos 0d¢ 167 dp¥ dyd M

1
{(1+ cos®) + A0§(1 — 3cos?6) + A; sin 26 cos ¢

Unpolarised cross-section

Angular terms

o 1
(4; =angular = | 5 sin® 6 cos 2¢ +| A3 sin 6 cos ¢p|+ A4 cos 6

coefficients)

_ + Assin® 0sin 2¢ + Ag sin 26 sin ¢ + A sin 0 sin qb}
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Normalised events per GeV!

Ratio

@

Eur. Phys. J. C 75, 601 (2015)

NNPDFI3.O

|

GPD mogv (GeV)
-7 o0
i =
[

o0

—

B~
|

S35

80.3

| | |

1 1 | 1 |
80.3 80.35 804 80.45 80.5

LHCb my, (GeV)

LHCb-PAPER-2021-024 in prep.
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W mass measurement

Detector alignment

« To measure W mass detector alignment is necessary

» Misalignment of ©O(10)um translates into a
O(50)MeV shift in W mass

» Default LHCb alignment and calibration are not suitable
— custom alignment for high pr muons

 “Pseudo-mass” method included for finer analysis

* (Correction applied independently to both charges

 Differences in fitted M* — curved bias correction

dipole magnet

Entries / (0.6 GeV)

||| /l-!
iimal

I ——
S -
1 1

Davide Zuliani Electroweak Physics at LHCb

S = N W B U A N o0 O
T T T T T T T T T

1

. .: | Mis-alignment

True path
1 Reconstructed path
, _—a
M~ = [2p*p7—(1—cosb).
Pt

EPJC 81 (2021) 3, 251

65 70 75 80 85 90 95 100 105 110 115 120
M* (GeV)
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W mass measurement

Uncertainties
LHCb-PAPER-2021-024 in prep.
Source Preliminary Size [ MeV |
Parton distribution functions 9
Theory (excl. PDFs) total 17 « Total uncertainty is 32 MeV
Transverse momentum model 11
Angular coefficients 10 * Only 2016 data have been used so far

QED FSR model

7
Additional electroweak corrections 5
Experimental total 1
Momentum scale and resolution modelling 7
6

4

2

(almost 1/3 of total Run Il data)

0 e Remarkable results:

Muon ID, trigger and tracking efficiency « 9 MeV for PDFs

Isolation efficiency

QCD background
Statistical 23
Total 32

« 10 MeV for experimental uncertainty

Davide Zuliani Electroweak Physics at LHCb 13/ 16



W mass measurement

First result at LHCD!

« Result obtained from a simultaneous fit to the muon spectrum and ¢ * of the Z

ICNFP 2021

« EW and rare backgrounds determined from simulation

 QCD background parametrized from data

Davide Zuliani

Events per GeV™

Data/fit

LS50

100

n
-
T

0

1.4 f
1.2}

1

0.8
0.6 t

x10°
B ey — - - - — —— .
EW fit reglonE LHCb Preliminary EW fit reglonE Total uncertz.unty LHCb
' | Stat. uncertainty nigll
Preliminary
ALEPH ®
DELPHI A
- W —2v it
?
- Light hadrons oran
— @
- Rare backgrounds i
DO ———t
ATLAS et
Model uncertainty
el
: ' "*_’__’_ﬂ**“w : | LHCb 2016 run
R e s e e = Seereeseeerere, toprettosttocecy .
Jr’ : M : Electroweak Fit @
004 —003 —-002 -001 0O 00l 002 003 004 80100 80150 80200 80250 80300 80350 80400 80450 80500
my, [MeV]

* —
v cosh(A#n/2)

LHCb-PAPER-2021-024 in prep.

Muon q/pT [1/GeV]
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tan(gbawp/ 2) pr

M
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CERN-LHCC-2018-027

(o)

100

(=1}

 LHCDb will go through an intense upgrade in the following years

=Y

50

N

Future prospects at LHCb i
Going to HL-LHC :

IIII|IIII|IIII|IIII|IIIIIII
-
4
o

 Several EW measurements where LHCDb could play an interesting role: o3t s Lo Lo LT

« Weak mixing angle sin? 6"?; , Improving both statistics and systematic uncertainties

W mass measurement using W — ev decay, given a new upgraded ECAL
LHC Yellow Report [CERN-LPCC-2018-03]

° ... LEP - Apy —o— 0.23221 £0.00029

SLD - A, —_— 0.23098 + 0.00026

CDF 0.23221 + 0.00046

DO — s 0.23095 + 0.00040

CMS, HL-LHC, 3000 fb” .- +0.00012

] . ATLAS, HL-LHC, 3000 fb™ —— +0.00016

 Not only EW physics, also top and Higgs! LHCb, HILLHC. 300 fb g t 000010

0.228  0.229 0.23 0.231 0232 0.233

- 2nefl
sin“Byy
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Conclusions
Wrap 1t up

* Not only flavour physics: LHCb is now considered a general purpose forward experiment

 LHCDb performed measurements of EW physics in the forward region of pp collisions,
unexplored by other experiments

* All results are in agreement with SM predictions

* The first measurement of the W boson mass at LHCDb is a big achievement, towards a similar
sensitivity to the global electroweak fit

* With the future upgrades LHCDb could play an interesting role in measuring EW quantities

(((’ Stay tuned! ‘)))
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