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l. Physics introduction TR/

SM electroweak theory - different coupling of Z° to left and right
handed fermions:
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https://www.sciencedirect.com/science/article/abs/pii/S0370157305005119?via%3Dihub
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l. Physics introduction

LHC pp collisions: situation is more difficult:

no fixed /3, average over a finite interval in /3

cos@, is not easily accessible, average includes
integration over cosé@,

pp collisions are symmetric wrt + cos0,
Parton distribution functions, PDFs - boost in rapidity
Trigger imposes relatively high thresholds on py(1)

Difficult environment for tau reconstruction

Spin correlations are important for measurements of the CP
structure of the Higgs (see talk M. Sessini)

Deviations to the SM predictions may occur in the presence
of new physics at higher energy

Events

Polarisation
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1LHC
o Iié CMS detector:

= ~ Solenoid 3.8 Tesla R e
' - Tracker composed of Si pixgl)ﬁ and Si micro-strips
4 (@
— Calorimeters if/}%// -
« Electromagnetic / //

. Hadronic ) ///

- Muon system

i : All systems used for T lepton ID
i\ .
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Il. Event selection and reconstruction .
Data of 2016, integrated luminosity 36.3 fb-1, (13 TeV) ' .
Tau-Trigger p;thresholds between 30 and 45 GeV \MAL

Final state Trigger Lepton selection
T, T, (35GeV) T, (35GeV) pr > 45(40) GeV, || < 2.1
T, Th 1(22GeV) ph > 23GeV, |y#| < 2.1
or 11(19 GeV)1,, (20GeV) ph >20GeV, pi* > 30GeV, ™| < 2.3
1,7, e(25GeV) ps > 30GeV, || < 2.1
pt >30GeV, [p™| < 2.3
7T, 1(8GeV)e(23 GeV) ps > 15GeV, || < 2.4
or 11(23 GeV)e(12 GeV) _ ph > 15GeV, |n#| < 2.4

p[f > 24 GeV for lead trigger leg

Much of anaIySis fOllOWS Higas>7t and CP-property of the Yukawa coupling...

Offline identification of t leptons
Reconstruction of Decay modes
Backgrounds by simulation and data driven

tracker

™ = p*vr = Ty,

Tau reconstruction

* Narrow isolated jets (anti-k7, AK4)

« Hadron-Plus-Strip (HPS) to
reconstruct n* and r°

« MVA decay-mode identification

* DeepTau Neural Network to reject
e/mu/jet

» False decay mode id most difficult
systematics (ref_1, ref 2, ref 3)



https://link.springer.com/article/10.1007/JHEP06(2022)012
https://iopscience.iop.org/article/10.1088/1748-0221/13/10/P10005
https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07023
https://cds.cern.ch/record/2727092/files/DP2020_041.pdf
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Ill. Polarisation variables

0

T spin is encrypted into kinematics of
decay

- 1 (spin = 0)
- p and a; (spin = 1)
Combine angles into “optimal

variables” w(m), w(aq)
LEP: M. Davier, et al. Phys. Lett. B 306 (1993) 411

Other “directly visible” variables:
Wyis(p) = cos B ; my,;(m, m); my,;;(e, u)

We consider 11 combinations of
hadronic and leptonic T decays

- 11 templates of discriminants used
to extract polarisation


https://www.sciencedirect.com/science/article/abs/pii/037026939390101M?via%3Dihub
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Ill. Polarisation variables T negative helicity L

T~ positive helicity R

Channel Category Discriminator x;g—-“ CMS simulation xm—”CMS Simulation
TeTy e+ u Myis (e, 1) mviS(l'z) = visible mass 3 o P +Z-ww +Z-ww | g 3 Ma1 bZoun 425w
T, Th e+ a, w(aq) -4 : Wi ]
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L . e dle E i ‘—‘* ey [t +
(MADGRAPHS5 aMC@NLO / PYTHIAS) o] N ol *H P +‘_
Choice of discriminants is based on a likelihood scan to ‘ I
maximise the significance of the polarisation ) A T T .. | ) S T AT |
cos B(p) o(@)

Stability of templates wrt PDF variations verified

The normalisation of templates refers to zero average polarisation over an interval of 75-120 GeV of
the generated qg centre of mass energy /$



https://link.springer.com/article/10.1007/JHEP07(2014)079
https://www.sciencedirect.com/science/article/abs/pii/S0010465515000442?via%3Dihub
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Some Post-fit examples of templates
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V. Results:
Average polarisation by category, channel and rapidity

CMS preliminary 36.3 b (13 TeV) CMS Ppreliminary 36.3fb™! (13 TeV) CMS  Preliminary 36.3fb™ (13 TeV)
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We use MADGRAPH5 aMC@NLO to correct the average polarisation by -0.004 to the value

at the Z° pole:
P Total uncertainty is dominated by systematics, particular decay mode migrations

P.(Z°) = —0.144 4 0.015 = —0.144 £ 0.006 (stat) £ 0.014 (syst)
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l. Interpretation and summary cvsw [ oaimnay  ——o . L

63fb1

The negative polarisation at the Z° pole is equal to ATLAS (8TeV) | . -
the asymmetry parameter A, and can be compared 'LEP'_SLD
to LEP e | ]
A, is directly related to the effective electroweak SLD —
mixing angle: ~ . 2 peff

'xing ang Ar = 2(1—4sin”6,,") Ll i

Our value of A gives:

sin? 05 = 0.2319 + 0.0019

= 0.2319 £ 0.0008 (stat) £ 0.0018 (syst)

Summary: el I P
0.1 0.15 0.2

DELPHI — —

ALEPH —

CMS has measured the T— polarisation at the Z° pole to be
P.(Z°) = —0.144 £+ 0.015 = —0.144 £ 0.006 (stat) + 0.014 (syst)

T lepton spin correlations can be used in the harsh LHC i o
environment to reveal (B)SM physics see the talk py M.Sess

Asymmetry A,

10



Ulrich. Goerlach@iphc.cnrs.fr

——
BACK-UP




CMS Ulrich.Goerlach@iphc.cnrs.fr
——————————

Polarisation
(P, = N(pp— Z/y =157 )— N(pp = Z/v — 77 7%)
N(pp = Z/y = Tr7) + N(pp = Z/y — 71 7};)
A (1+ cos?0,-) + 2A. cos 0,-
T 97_ g’ :
Pr (cos ) (1+cos?0,-) + $ALg cos O, -
Fo(s) = 5 (307 + 2Rex(s)qgq040c + 1 (5) [2(0F + a3) (02 + a2)],
TTX .
Fi(s) = - [2Rex(s)4qq<a07 + | (s) 220,0,20-0-), L T
F(s) = Z—;x 2Rex (5)qq9-0q0< + |x(5)*(v5 + a5)20-a-],
Fi(s) = 2= [2Rex(s)qq+a,0+ + [x(5) 2205, (0% + a2)].

12
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ALEPH o 0.14510.0060
P e ———
DELPHI e 0.1359+0.0096 [ EP It
L3 ﬂ—@—k 0.1476+0.0108
OPAL e 0.1456+0.0095
A (LEP) e 0.1439+0.0043
T e
Experiment A, Ae

I ALEPH 0.1451 4= 0.0052 4= 0.0029 | 0.1504 &= 0.0068 4= 0.0008

L3 0.1476 4 0.0088 & 0.0062 | 0.1678 + 0.0127 + 0.0030
DELPHI —O—ai 0.138240.0116 OPAL 0.1456 + 0.0076 & 0.0057 | 0.1454 + 0.0108 + 0.0036

LEP 0.1439 + 0.0035 4 0.0026 | 0.1498 + 0.0048 + 0.0009
L3 . 65— 0.167810.0130

LEP results for A, and A,. The first error is statistical and the second systemati
OPAL —G 0.145410.0114
A (LEP) o 0.1498+0.0049

¢
|III|III|III|III|iIEI|III|III|III|III|
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
A
e,T

A, (LEP)=0.1465+0.0033

x*/DoF=4.7/7
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Decay mode definitions

/’:"h'adron e e AL . DMOTh_>7-‘-:':
T . i O
EID e
' I e DM 2: 75, — w* 4 277
= ﬁg fﬁ\fc‘“ e DM 10:7, — 2% + 7
. e DM1: 75 — ot + 1 F 4+ 70
p= ol
‘ tracker

™* = pFu, = 75 70%,
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Table 1: Selections applied in the data processing of this analysis.

Final state Trigger Lepton selection Additional selection
T Th T, (35GeV) 1, (35 GeV) pr}h > 45(40) GeV, |n™| < 2.1 Med DeepTau iso
T, T 11(22 GeV) pff« > 23GeV, |yt < 2.1 L,(u) <0.15 m? < 50 GeV
or (19 GeV)T, (20GeV) pk >20GeV, pf > 30GeV, || < 2.3 Med DeepTau iso
7,7 e(25GeV) ps > 30GeV, || < 2.1 I,(e) <0.15 ms < 50 GeV
pt >30GeV, || < 2.3 Med DeepTau iso
T, 1(8 GeV)e(23 GeV) ps > 15GeV, || < 2.4 L.(e) <0.15
or u(23GeV)e(12GeV) _ pk > 15GeV, |g#| < 2.4 L,(u) <0.20

pff > 24 GeV for lead trigger leg

15
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Event Selection - Summary
ThTh channel
Trigger : DoubleMediumlIsoPF Tau35
Hadronic taus : pr(m) > 40 GeV and |n(m)| < 2.1
45 for leading
T.Th channel TeTh channel TeT, channel
Trigger : Trigger : Trigger :
® [soMu22 ® Fle2b ® Mu8 Ele23
® J/soMul9 LooselsoPFTau20 ® Mu23 FElel?2
Muon : Electron : Electron :
® pr(p) > 20 GeV * pr(e) > 30 GeV ® pr(e) > 15 GeV
(> 23 GeV if IsoMu22) ° |77(€)| <21 (> 24 GeV if Mu8_ Ele23)
* |n(p)] <21 * n(e)] <24
Hadronic tau : Hadronic tau : Muon :
® pr(m) > 30 GeV ® pr(mh) >30GeV @ pr(u) > 15 GeV
bt |7)(7'h)| <23 ° |77(7'h)| < 9.3 (> 24 GeV if MuQB_Eleé’fs)
* |n(u)| <24 =

16
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Discriminants for polarisation
cosp=q-n, = i el vis -vis
: \/m%—élm% |Pn—_pn0|, Myis = \/2E1E2(1 —COS<I(T1 ) ));

Table 2: Final choice of discriminators in the different event categories

- my,;s(1,2) = visible mass
Channel Category Discriminator W, (p) = cos B
ke e+ u myis(e, 1)  visible mass (1, a,) = opt. obs.
il e+ aq w(aq) optimal observable with SVfit Q(ay, ) = w(m)+w(a,)
e+p G le visible optimal observable v l+w(mw(as)
e+ w (1) optimal observable with SVfit
L U+ ay w(aq) optimal observable with SVfit
w+p Wyis () visible optimal observable
w4+ w(77) optimal observable with SVfit
ThWTh a, + aq My (al, al) visible mass
A+ 1 O(aq, m) combined optimal observable with SVfit
0+ T Wyis () visible optimal observable (for leading p)

T+ 71 My (77, 71)  visible mass

17
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Stability of templates wrt pdf variations

«10® CMS Simulation, positive helicity

x10® CMS Simulation, negative helicity

"UEJ 25K o ‘ ‘ ] ‘Ué 20 ; T ‘ ‘ _f CMS Simulation PDF variation: cteqél1 up (36.3 fo™, 13 TeV)
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x10° CMS  Preliminary 36.3fb' (13 TeV)

hE] 9;—' Z—>I TR Z > 1ty _; -
pooen  mw moe Post fits of templates
L%’ 6? — QCD multijet  -$- Observed é
= i °* See, = T - T
i; g "’0. é € M
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| X = J(eig, (P17 #T(Z — TR T )+ TTT(Z — 7 T3 )
g 1l i
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g o i
© 0'640 50 60 70 80 Te —_ Th(ld

Visible di-t Mass m, (e,u) / GeV

x10° CMS  Preliminary 36.3fb'(13 TeV) x10° CMS  Preliminary 36.3fb'(13 TeV) x10° CMS  Preliminary 36.3fb' (13 TeV)
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Post fits of templates
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Post fits of templates

: i b ( — ) 1—(P;) ( — )
T (sig., (Py),r) =71 5 T(Z =11 )+ 5 T(Z = 1 11
Thad — Thad
x10° CMS  Preliminary 36.3 b (13 TeV) CMS  Preliminary 36.3 b (13 TeV) CMS  Preliminary 36.3 fb™' (13 TeV) x10° CMS  Preliminary 36.3 b (13 TeV)
c s T T — T T T c 40F " — — T T T — c soE " T T S o5F T 1 — T T ]
m C Z > 11 Z-o Tyt m ; Z > 11 Z > 1t} E m C Z > 1 Z- Tyt m “r Z > Tt Z >ty ]
?2 na pT m: ol frjets ..\‘B 35 - a1a1 m: ol frjets c\ﬁ wb T m: L frjets E) sob a_lﬂ: m: o drjets
c - h W +jets Diboson ] c 30F W +jets Diboson = . W +jets Diboson ] c “E W +jets Diboson |
Q - QCD multijet - Observed Q o5 = QCD multijet -4 Observed; 3 Q - QCD multijet - Observed | Q - QCD multijet - Observed
L 3F ] L E g w 30 - w 45~ ——
C —+—4 ] 20F 3 C o ] C ]
N —+- . o _+_ B - _d—+—_ L - ]
Ly —— —] E e 3 u ] u ]
C e —— m 10F — r —— ] C
s £ ! e | 10| S o = 05 =
ey 5F —— = C —— — ] C ]
—— ] B | E [ o —¢— ] C A e
0*‘ N B I R 0 e B R R 0_“—‘ [ I R Oo’—o—.-o—.——n—m— * e e T
g 14fF 1 o 14F ' ' T o 14 ' ' T d o 14F ' ' ' .
GO 12k e GO 12k 44 12t 40 12 | .
- 1.0 *:F+.:r..."...+_..1....’F._¢._+._:§_..7¢7..¢..—.§.—...... — 10k baanks _...+_._,—+— ... {, ... —+——+— - - 10k —+— ...... —+— ... g +...+.m—.-+—r'.. - 10kl e L e %—h
g 08 1 g osf 1 g osf {1 g o8 B T -
0.6 . . . = 0.6 . . ) = 0.6 . . ) = 0.6 ) ) ) =
o -1.0 -0.5 0.0 0.5 1.0 o 40 60 80 100 o 40 60 80 100 o -1.0 -0.5 0.0 0.5 1.0
cos B(p) Visible di-t Mass m,,(a a) / GeV Visible di-t Mass m (n,r) / GeV O(a,r)
e
21

Institut Pluridisciplinaire
Hubs N



CMS Ulrich.Goerlach@iphc.cnrs.fr
e —

Renormalisation of templates to zero polarisation

°—a, w—p w—T Average Polarisation at Z° >t Th
Relative generator level for interval 70 5 TRT]
yield 75 < /845 <120 GeV

L generated----—r—11-----1----"TT17 717 """ """ o T R it

Rgenerated----""'- """" 1T TTTTTT1TT T 7S

L R L R L R
L reconstructed R reconstructed

Apply normalisation factor: SR /LR * Stot
Renormalisation of Templates PRl 1 RL/LR " *to

preserving normalisation SRL/LR = SR
Ngen(Z fii TL/RTR/L)

u—a u—0p p—m . . .
Relative : Stot = Ngen(Z — Tg le_) 0 Ngen(z — T TR )
yield
| «<p>=0  Reference of new templates
T7t5<\/sTat<1lzocl3eV ‘ o\‘\\‘J"
1 R i | |g | atgeneratorleve i Jie

L reconstructed R reconstructed
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