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 UAPP Motivation

In SM, WW production involves triple gauge boson vertices = TGC
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Search for new physics in the gauge boson sector

=» Anomalous TGC (aTGC). Studied at previous machines and @LHC
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Motivation

cUAPP

Anomalous TGC may give different contributions to different
helicity states of the W bosons (wrt SM)

- W production and decay angles may give access to BSM effects

X1

W production and decay defined
by 5 angles (neglecting ISR):
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cUAPP

Aim of the study

The aim is to study the possibility to measure:

* Spin Density Matrix (SDM) elements (p_.) of an ensemble of W

SDM = composition of average spin state
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Amplitude to produce a W-
with helicity T from an electron
with helicity A and a positron
with helicity A’ (a)

W longitudinal component arises
from Electroweak Symmetry Breaking !

Cross section O,
defined in terms
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(a) single W SDM - 3x3 Hermitian, unit trace - 8 free parameters

Of pTT
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cUAPP How

G. Gounaris et al:

Using projection operators: Int. J. Mod. Phys. A8(1993)
| d’o - Adcos 0%d o
W-— dcos Oy dcos E];; d(,f;r} TT i Bl |
prs (s,cosbyw) = =
dcos Ow
2i*
A = %(5 cos” 0% +2cosfy — 1) Ao = 2%
_ o 2 n* _ —8 - B N ot
App = ? 5(32-‘3 9f Ao = 372 (1 4(3059f)e f
A = 5(bcos®0F —2cosf; — 1 =
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* No assumption about the form of the TGC vertex is necessary

- model independent
* Sofar @LHC measuredonly A, A__, Agg
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c UAPP In practice

* Measurement already done at LEP

e Aim here: build the distribution of
k
Pr

* do/d cos 6,

* ACP

as function of cos 6,, and estimate the statistical uncertainty
taking into account (part of ) the background

gives an idea of the level of systematic uncertainty needed

if time : compare to the extrapolation to HL-LHC
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< LAPP FCC — Accelerator running
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CUAPP

Signal & Main backgrounds

Signal = WW semi-leptonic
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< CAPP Signal & Main backgrounds

e'e” cross sections
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cCAPP Existing MC Samples

=l % |events;24 % EFowPhoton_1
M Electron 3 EFowPhoton_2
o : : . F4 Electron#0 A MCRecoAssociations
Pythia 8 samples available @240 GeV: —fo Bt
: — — — A Muona0 ----- I MCRecosssociations#1
Events : WW —-Zqgq - ZIl - ZH — i It
A amuoneo - A MissingET#0
X ERow NeutralHadron A MissingET#
° 1 ) EFow NeutralHadron#0 ..... ﬁ' Missing ET#2
Sprlng 2021 IateSt Samples ﬁEFlowNeutralHadronﬂ ----- A] Mizsing ET#3
with IDEA detector A EFow NeutralHadron#2 - A MissingETa4
3» EFowNeutralHadron_0 o A MissingET#5
% EFlowNeutralHadron_1 A ParticlelDs
3% EFowNeutralHadron_2 ..... 3§ ParticlelDs_0
* Data format : EDM4HEP HPartici et
A Particle#0 M etw0
TTree : Events Al Farticlew! A et
] 4 Photon ----- 2 Jeta2
Branches : Collections & Index A Photon#o et
ﬂ ReconstructedParticles A etae
Leaves : Particles data AlReconstructedParticles#0 4] Jetss
24 ReconstructedParticles#1 Y ERowTrack
HA ReconstructedParticles#2 A ERowTrack#0
) . #4 ReconstructedParticles#3 M ERowTrack#!
Exhaustive but costly in space AlReconstructedParticles#d .y EFlowTrack_0
A ReconstructedParticles#S LA ERow Track_1
WW : ~600MB / 100000 events A EFowPhoton @ fevents;23
A ERowPhoton#0 | metadata;1
X EFlowPhoton# # |run_metadata; 1
A ERowPhoton#2 % |evt_metadata;1
3 EFlowPhoton_0 % |col_metadata;1
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cUAPP FCCAnalyses & Custom N-tuples

 FCCAnalyses Package :

— RootDataFrame based (easy
manipulation of data, multithreading)

— Steered b thon scripts "
v Ry ’ Event quantities
— Analyzers C++

— Preselection (which we use to create Ex : charged multiplicity,
custom N-tuples) transverse energy, ...
— Final Selection

— Plotting

e Custom N-tuples structure : Particle quantities

Particle : Jets, Charged Leptons,
Missing momentum

WW : ~600MB / 100000 events =» ~25MB / 100000 events
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< UAPP Events preselection

Preselection to isolate signal from background :

- Cutflow on reco level
- Mainly cuts on events quantities

- Normalization factor: Leapected Eea:pected — 5ab !
Ngenerated g

Signal BKG1 | BKG2 | BKG3 | BKG 4 | BKG 5
WWsle, p | WWslt | WWlep | WW had || Zqq(v) Z1

a(pb) 4.729 2.522 1.744 7.470 52.65 13.78
Normalization factor 411.0 1316 344.0
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CUCAPP

Events Preselection

Cuts on charged multiplicity (Normalized to the same area) :

Before all cuts

After first cut

C —— WW leptonic 02— WW semi-leptonic e,u
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L ———— WW hadronic N WW hadronic
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Remove WW leptonic decays and ZIl Remove WW hadronic decays
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CUCAPP

Cuts on number of leptons (>20 GeV, Normalized to the same area) :

Events Preselection

Before all cuts

1_ —— WW leptonic
n = WW semi-leptonic e,u
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C ————— WW hadronic
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Remove mainly WW -> 1 & hadronic decays, Zqq(y)
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cCAPP Events Preselection

Cuts on missing momentum (Normalized to the same area) :

Before all cuts After previous cuts
I —— WW leptonic = ——— WW senfii-leptonic e,u
0.14F ——— WW semi-leptonic et 0.14+
: —— WW semi-leptonic t : —  WW seri-leptonic <
—— \WW hadronic N
0.12 ;:q(v) 0.12 ~ Zaq(y)
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cUAPP Radiative return

* Radiative return (Z produced on-shell)
 Expected photon energy : 102 GeV

* Photonis lost in the beam pipe

—— WW |eptonic
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Preselection

>

cUAPP
Objective : maximise final purity with at least 80% signal efficiency
= Each cut > 97% efficiency

Cut defintion :
- C1: Charged multiplicity > 5 -
- C2: Charged multiplicity < 25 -
- C3:Charged energy > 72 GeV -
- C4:1 Lepton with 20 GeV

C5
C6
Cc7

: Missing momentum > 15 GeV
: Missing momentum < 100 GeV
: Transverse energy > 72 GeV

Cut Signal BE(G 1 BKG 2 BKEG 3 BKG 4 BKG 5 ‘:.—FLH
WW sle, p WW sl WW lep WW had Zaql~) Al T
[ "No [[ 23032530 [ [ 11994624 [ [ 8666757 | 37606089 | 263200000 | 68800000 || 5.778 +0.001
1 23916090 | 0.999 LI987T637T | 0.999 32880 JTa06029 25TRAIRED 652912 T7.203 + 0,001
o2 22975311 | 0.961 114209088 | 0.953 32880 8h54143 225T34E0 652912 2.529 4+ 0.002
[§5] 22143036 | 0.964 BT115566 0.762 25071 2100399 137943120 Hdn9s4 12,478 + 0.002
4 19670460 | 0.888 1999926 0.230 10275 5757 2082056 31304 79.542 + 0.008
5 19361799 | 0.984 1958415 | 0.979 0864 15207 21 8R508 20640 82.200 + 0.008
6 19331796 | 0.998 1958415 1 9864 15207 1997688 19952 52,852 + 0.008
o7 19006695 | 0.9383 1841280 (0.940 7809 15207 1179136 14792 &6. 140 £+ 0.007
E 79.4 + 0.5 15.4 + 0.2 0.09+0.02 | 0.040 +0.007 | 0.45+0.02 | 0.022+0.003 |

Zqq & WIW — jj tv remain the main background but they are very much suppressed

=» Signal efficiency of C4 is too low
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c UAPP Detector & association efficiency

Signal efficiency of C4 is too low because electron efficiency is low

Cuton E > 2GeV

| | 5 = '—'"s;';ﬁ—'«;;:»z;'-i;¥;=;:*;;->‘*:;;;:;é;:*=;'~';;"»;'-::4;;;4“;;;:.;;4—'—';:.;;";'":;-'»:*::;:;;:;'—':;i'*«w """"" e
R *“#r*tmw;rwwﬁ*”*‘r*wjﬁ++*'+:4++++*+++++*+4H+ AllMuon | ° : 5 : T -
i o o T ++1++*'+.“f’*4"’“*‘*+++*“i+ I C oL : :
- P T it i Ty XA z z 5 b ok o
4 1 aHT T W AT b : : T
0.8 i Stk i A1 oLl 4 0.8 R +'"“"‘*++;++J4H """"""" freeeeneeee P FE B S [
# - : Py Mgy T ’
D-E’_ L O'GT """""""""" P LA T """"""""" o P
8T h_e_assofrac_e_ir Il L
AR Entries 130184 : b
0.4 + ] Mean 65.37 04_ _______ h_e_assofrac_theta_tr T R
; _+"‘ T Std Dev 29.49 h_lep_assofrac e _tr L Entries 67797 | g
i Entries 196157 B Mean 1.568 |: |h_lep_assofrac_theta_tr
H h_mu_assofrac_e_tr | | Mean 6263 - i StdDev  0.8537 |: [ Entries ~ 128263 | |
02 . Entries 65073 b Sid Dev 359 | (02 T SR ....................... ........ h_mu_assofrac_theta_tr Mean 1.569 |...... ......
- Mean 5769 - Entries 60466 |: (StdDev  0.8343|
- Std Dev 3228 - Mean 1.57 | :
= i i B i i StdDev  0.8208 |: i ;
1 1 1 1 I I | I I I | 1 1 1 1 1 1 1 1 1 0 1 1 1 1 I 1 1 1 1 I | s S S S S — —— ' 1 1 1 1 [ 1 1 1 1 I 1
% 30 a0 60 80 100 20 o 0.5 1 15 2 25 3

Truth Energy Truth Theta

Fraction of truth final state charged leptons that are associated with a reconstructed
particle identified as a muon or associated electron
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CAPP Detector & association efficiency

Electron efficiency is too low because isolation requirement is too tight
(Thanks to Emmanuel) Two new containers are implemented

i S SR F—
¢.+w*“_++'r"+.1' IdT-fTrp.'-‘r T + . 4 : '
A o +++ t +H+++++++++ +++;+ LA i A
B , ; t ++++++ ;
B : o HE T T T E _ ++++++HH+H‘H T | 7 :
R ] L & it At L foesseenressne s i% -----
06 __ ______________________ ________________________ ________________________ _______________________ _____ Fraction of truth final state
n electrons that are associated
— T with a reconstructed particle
B T in the collection Electron
04 __ ........................ ........................ ........................ ....................... ..... (Green)’ AIIEIectron (YEHOW)
i Lo : : : : : and
B H_e_assofrac_'e_tr h_alleovérlap_assofrac_e_tr ' h_alle_assofrac_e_tr : AllElectronOverlapRemoval
] Entries 129141 || Entries 129141 || Entries 129141 [ (Black)
- Mean 64.92 || Mean 56.69 || Mean 57.79 :
B Std Dev 29.21|| Std Dev 32.47 || Std Dev 32.31 :
0 | | | | 1 | | I | 1 | | | | | ] | 1 | l | | 1 i
0 20 40 60 80 100 120

But the overlap applied to AllElectron removes good electrons
(electrons with a close by radiated photon)
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c UAPP Jets study — Jets too soft

Momentum distribution in signal events WW - jjev & WW - jj uv

h_cleptp_semilep_emu_r

h_jetsp_semilep_emu_r {1000
Entries 58230
Mean 15.13
Std Dev 20.02

Entries 200000
Mean 67.92
Std Dev 23.48

7000

800
6000 |7

5000}
i 600
4000}

3000} 400
2000}

i 200
1000 ff

00 20 40 60 80 100 120 0 20 40 60 80 100 120

Highest jet momentum in the Jet collection Highest charged lepton momentum

Jets in the File are too soft
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cUAPP

Jets study — Matching angle

Cosine of the minimum angle between a truth and reco jet

10°
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Plot by Julie Munch Torndal

Keep the Durham algorithm
Forcing 2 jets
Input Particles

B hﬁjetfma-tchingfan-gle ; : :
| Entries 117098 | ...
Mean 0.9794

T lIIHIl

Std Dev  0.08846

EIIIIiII\JIIIIljIIIIE\IIIiI\Ilillllilll\illlllllll
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Durham algorithm, forcing 2 jets

- Reco : All particles > 500MeV except highest energy lepton
- Truth : All particles > 500MeV Status = 1, except highest energy lepton & neutrinos
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c UAPP Jets study — Comparison Reco-truth (quark)

Quark energy reconstruction

Reco & truth jets clustering done with Durham algorithm
Eq found with quark from W energy (truth)
Relative difference between leading quark and leading jet

20000 E‘ h_rapp_'eq_etr_semiIep_emu
| Entries 58549
18000 Mean  -0.0608 [
16000 __StheV ....... 01857 \Equark - Ejet truth
= : 5 : Equark
14000 | h_rapp_eq_er_semilep_emu
— | Entries 58549
12000 Mean  -0.01276
E Std Dev Q.1661 : :
10000 __,_. ............... ............... ............ : . . .
000
6000 __.,.._ ............... ............... .............. , .............. , .............. ,. .............. Equark - Ejet‘reco
4000 S P P el 4 L T Equark
2000__ ........................................................................ " ........................................ ..............
0:'—‘—";52—'—'5:5!! I | :[Illilll
-1 -08 -06 -04 -0.2 0 0.2 04 0.6 0.8 1
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 UAPP Jets study — Leading association vs Angle association

Jet study matching truth-reco with closest angle

leading-leading

.................................................................................................................................................... h_rapp_etr_er_semilep_emu leading:- leading

: : : : : Entries 58549
.| Entries 58549 |......... S I S SUiocantns OO S Mean 0.0363 : : : C osest :
Mean 0.0363 107 StdDev  0.1437 i e o oo R
StdDev  0.1437 ; : : ; ; i E z : : : : e :

0.4

h_rapp_etr_er_semilep_emu

0.35

0.3

0.25

0.2

0.15

0.1

0.05

1 l | CL 1 1 I 1 1 1 I 11 | I

-08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1 -1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8

| o
—_

Ejet truth — Ejet reco Ejet truth — Ejet reco

Ejet truth Ejet truth
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cUAPP Jets study — Reconstructed W mass

25000— 1 h_mjj_semilep_emu_tr
B Jets truth Entries 58549
n Mean 90.69
B Jets reco Std Dev 21.06
20000—
— Quarks truth = ;
n h_mijj_semilep_emu_r
— Entries 58549
15000|— Mean 84.97 Comparison :
= StdDev  21.82 - W mass from quarks (blue)
B — - W mass from truth jets (red)
— _mil_semiep_emu_at -W from reco jets (green)
10000 }— Entries 58549 Mass 1ro J 9
. Mean 80.98
B l Std Dev 6.449
5000 — |
0_||||I|II|J'I I|ILLHJ—Li |IIIIIII|IIII|||

0 20 40 60 80 100 120 140 160 180 200 220 240
Dijet mass
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CAPP Theta distributions for W boson

Variable of interest : Theta distribution of the W boson

Before all cuts After all cuts

1800 1400

1600
1200

1400

1000
1200

1000 800

800 600

I\I|III|II\|III|III|III|

IIIIIIIIIIIIIIIIIIIII

600 h_thetaW_semilep_emu_tr h_thetaW_semilep_emu_r hout theta_semilop_smu_ir h’cuUhetaw’semibp’emu’r
Entrios 58230 Entries 58230 400 Entries 46245 Entries 46245
400 Mean 1.566 Mean 1.565 Mean 1.567 Mean 1.567
Std Dev  0.9228 StdDev  0.8911 200 StdDev  0.9155 Std Dev  0.9091
200 =
: 1 L 1 L I 1 L 1 L I 1 L 1 L I 1 L 1 L I L 1 1 L I L 1 1 L I L 1 1 1 I 1 1 1 I 1 1 1 1 I | 1 1 1 I 1 1 L 1 ‘ 1 1 1 1 { 1
0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 25 3
Theta W Theta W
~reco __ ~Teco _I_ ~reco
Pw = meSSII’lg momentum phlghest energy lepton
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cCAPP W resolution before kinematic fit

h_phidiff_semilep_emu h_thetadiff_semilep_emu
. - Entries 58230 — Entries 58230
14000 14000{— ]
= Mean  4.57e-05 N Mean  -0.0003693
C Std Dev_ 0.08391 - Std Dev 0.114
12000— 120001~
10000:— 10000 —
8000:— 8000_—
6000:— 6000—
4000 40001
2000_— 2000__
o Loy Tl by [ R C | il EPRTRTETE AT B - |
—00.5 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5 -05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5
reco _ _truth greco _ gtruth
W W W W
h_Ediff_semilep_emu
20000 — Entries 58230
= s Mean —~7.261
18000 Std Dev  24.34
16000—
14000—
12000
10000
8000—
6000—
4000
oE _.—!‘\H—r"hlji —L\_‘—'ﬁﬁ‘_t
: 1 1 1 1 1 I 1 1 Il | 1 1 1 1 1 1
50

-100 -50 0 50 100

reco truth
EW . EW
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cCAPP Lepton resolution

h_phidiff_semilep_emu _ h_thetadiff_semilep_emu
C - Entries 54138 22000— L Entries 54138
16000 — Mean 9.243e-07 - Mean  -6.674e-08
C Std Dev  0.0001087 200001 StdDev  7.16e-05
14000 18000
12000 16000~
C 14000—
10000— -
C 12000—
8000— 10000 —
6000— 8000|—
- 6000—
4000 -
C 4000—
2000:— 2000E-
Cov b1y Ll R TR R E Ll P EPRTREN TR BT
—(9.001—0 0008-0.0006-0.0004-0. 0002 0 0 0002 0.0004 0.0006 0.0008 0.001 —(9001—0 0008-0.0006-0.0004-0. 0002 0 00002 0.0004 0.0006 0.0008 0.001
HTEC — ét?"uth greco Qtruth

h_Ediff_semilep_emu
Entries 54138
Mean  -0.001573
Std Dev 0.2476

7000
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IIII]IIII|||I||IIII||||I|IIII|||||'|II

|I |I
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1

Ereco Etruth
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c UAPP Conclusion & Outlook

Conclusion :

- All elements in place to start a kinematic fit
- Electrons to be used is AllElectron (removing non isolated but

without including the photons in the isolation cone)
- It should improve a bit the signal efficiency

- Found too soft jets in the samples
- Use custom made jets (Durham —investigate different parameters)

Verified that missing momentum in the file is computed as
expected (not shown)

Next steps :
- Implement a kinematic fit

- Study the WW - jj Tv contribution and evaluate it with a BDT
- Extract the reconstructed angular variables
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