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Introduction

Search for new sources of CP violation with effective
field theories in WZ diboson production with ATLAS
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Introduction

@ Qualification as ATLAS author effective since 15th January.

V. Boisvert ©%, P. Bokan @7, T. Bold @382 M. Bomben ©°, M. Bona @Y7, M. Boonekamp 139,
A.G. Borbély @' LS. Bordulev ©?°, G. Borissov %, D. Bortoletto @', D. Boscherini 24,

M. Bosman @'3, K. Bouaouda @32 N. Boucl’nhar@"‘B J. Boudreau @133,

E.V. Bouhova-Thacker ©%*, D. Boumediene ©*2, R. Bouquet =°""~7%, A, Boveia ©'>, J. Boyd ©%7,
D. Boye @, LR. Boyko @*| L. Bozianu &%, J. Bracinik @', N. Brahimi ©*, G. Brandt @7,

o Still involved in e/~ CP group , ~20% working time.
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0 CP violation and EFT
e Constraints on SMEFT via machine learning : design of BDTs
© BDT optimisation

e Conclusion and 2nd year summary
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CP violation and EFT

o Ti® e @ H
— CPviolation (CPV) : matterand = = = = &=
antimatter interact differently (900 ®

— Necessary to explain matter e o [
excess in the Universe di

€
: @

do /dE oo

— Insufficient amount of CPV o
sources in Standard Model (SM) :
1 New Physics
— Need for indirect search of new EFT |
physics, possibly lying beyond .
energy reach of LHC :
E < Epnc ' E>Ewnc E
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Standard Model Effective Field Theory (SMEFT)

@ SM = low energy effective theory of a more complete model
@ SM fields = relevant degrees of freedom at accessible energies
Let A be new physics energy scale, m; SM particles masses :

m; < Vs <A (1)

The SMEFT Lagrangien is built adding operators of higher dimension
in energy to the SM :

£SMEFT—£sm+ZZ - %04, (2)

a>4 i

@ Oy, contain only SM fields
@ ¢4, the Wilson coefficients — parameters to constrain
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Why the WZ process?

EXPERIMENT
Run: 302956
Event: 911199885
2016-06-29 07:39:45 CEST

40> «F» «

DA




CPV with WZ diboson

Search for CPV via anomalous triple gauge couplings (aTGC) —
Higgs sector and EW symmetry breaking

w z
z z
H + H ?
w w
W+ W+
z w+

Figure — LO Feynman diagrams for W*Z production with possible aTGC
(black blob)

At LHC energy scale, the relevant dim 6 bosonic operators possibly
providing a source of CPV are [1] :

Opiyg = &' o1o W By, Oww = ek WLFWIP WP (3)
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CPV with WZ diboson

= :—__/|M|2d LIPS (F : Moller’s flux)

1 2
(M|? = ‘M5M+ﬁM6’ = [Mswl®> + 5 8‘f(/\/lSIVIMG)Jr alMswl®

IM|?> =SM+ int.+quad.

CP-odd operators modify differential cross section do/dx, need to
exploit new variables .
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Constraints on Wilson coefficients

@ Select a CP-odd observable sensitive to O,;5 ou Oy,
©Q Likelihood fit on data with ¢; as a free parameter

L(ci) = W exp (_%()_(‘data_)_(‘pred(ci))-rc_1 (Ydata_ipred(ci)))

- X, the value in bin k, C covariance matrix between bins

- data = ATLAS Run 2 data

- pred = SM + SM-EFT interference(c;) + EFT quadratic (c?)
Q Extract limits on coefficients ¢, ou ¢y,

T
Best it: 021 |
95% CL: [-0.31,0.26] ]

&
T

3
T

—2A log(L)

—2Alog L(c;) = —2log (EE?;)

- 68% and 95% confidence intervals

2 o
T T
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Expected and observed existing ATLAS limits

Analyses of Vector Boson Fusion (VBF) processes also enable us to
study aTGC :

Analyse Observable 95% CI ¢, 95% Clcy,
VBF Z [2] AD; [-1.06,1.06] [-0.12,0.12]
VBF H — W*W [3] Adj [-1.2,1.1]° N/A
VBF Z obs. ADj [0.23,2.34] [-0.11,0.14]
VBF H — W*W obs. ADj [-1.2, 1.1] N/A
WZ (this work) p. (> p?,Z,wkP) [-3.97,3.96] [-0.21,0.21]
WZ (this work) Oy [-3.25,3.19] [-0.17,0.17]
WZ (this work) o3 [-3.82,3.74] [-0.20,0.21]

NB : Intervals in TeV—2, describing limits expected from MC simulation
and limits observed.

PL(CP?,Z,WeP) = qu (3 o PP) omitten

|p}><pw;;ep| o
oy : decay lepton azimuthal angle around the axis defined by py

1. with quad term
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Int only vs int + quad

Zjj [2] 1 TGC : negligeable H— W'W[3] 2 TGC : important

q q
EW Zjj z
T T T T T T
ATLAS Dap.um Dap.llm.qum.
q (a) q (5=13TeV 139107 o i+ Os. in.squad.
Crw e
g [ X107] ==
e [ X107] T
" e —
Wilson Includes  95% confidence interval [TeV 2] p-value (SM) O [ 1071 ==
coefficient | Myq|? Expected Observed Chica =
cw /A2 no [-0.30, 0.30]  [-0.19, 0.41] 45.9% G [x107] ——
yes  [-031,029] [-0.19, 0.41] 432% |
Zw [AZ no  [<0.12, 0.12] [=0.11, 0.14] 82.0% Gy [X107] —
yes  [-0.12,0.12] [-0.11, 0.14] 81.8% Cui e
cnwp/A? no  [-245,245] [-3.78, 1.13] 29.0% 0 x10']
yes  [-3.11,2.10] [-6.31, 1.01] 25.0% |
Gnws/AX no  [=1.06, 1.06]  [0.23, 2.34] 1.7% Cuia [ X107 <
yes [-1.06, 1.06]  [0.23, 2.35] 1.6% ) ) ) ) ) .

-3 -2 A 0 1 2 3
Parameter value
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Constraints on SMEFT via machine learning

Unique observable — Multivariate analysis

Gradlent Boosted Decision Tree (BDTG) : [4]

Weighted Data Weighted Data

....o. .0..0.
(] °® °e

... [ ®ee's o
oo oo ®o o°

MC events

[ % f ] / Zzli;ct:edinZ
ﬁ h ﬂ ﬂ @ Training

Decision Tree 1 Decision Tree 2 Decision Tree 3

(Weakc\-ais‘\ﬁ-er} lweakcia‘ssiﬁer] lWEﬂk’:’IassiHer: (\.;/i:la?aé‘a:;\e:e:i e Test“’]g
._‘_‘_“f’sg%-. ‘,\% j‘.’ —w _______ "Data" :
; simulated events
1 used for training.
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Constraints on SMEFT via machine learning

BDT pos v SM
(CP-odd + extra variables

Three distinct BDTs trained
with TMVA :

CP-odd variables :
3 triple products, sin ¢yz,
©lys 05, cos By, AD(WeP, Z)

BDT pos vs neg
(CP-odd variables)

BDT neg v SM
(CP-odd + extra variables)

Extra variables :
ra1, P%, pY2, my?, my,
Scores labelling : Ad(W'er, ZIer), Ess, p0
@ posvSM:S, cosXx
@ negvSM: S,
@ posvneg:Sp
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BDT optimisation

A way to measure the performance of a BDT is with the Area Under
the ROC Curve (AUC) :

Background rejection versus Signal efficiency
_ TMVA

S AN AR RARRARRERS RAREN RERRS

e =
2 £
8 osr \\\
2 F \ ]
E Mg 1 AUC maximisation for each
g \ | BDT:
S 0.6 - -
: 05t \ 1/ selection of training
oak 1 variables
F v tethod: \ 1/ choice of BDT
0.3 g BOTG 3
g hyperparameters
0.2-

o 01 02 03 04 05 05 07 08 03 1 -~ k-folding training
Signal efficiency

ROC curve BDT pos vs SM for Oy,
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BDT scores combination

Score distributions for BDTs trained on Oy, EFT samples

MVA_BDTG_pos_v_SM MVA_BDTG_neg_v_SM MVA_BDTG_pos_v_neg
e e c (ERET—
D20 cwiin_ |0 cwanine E |S10- v

-1 08 06 0.4 0.2 -1 08 06 0.4 02 -1 08 06 0.4 02

02 04 06 08
MVA_BDTG_pos_v_neg score

Sp Sn SO
How to combine the three scores optimally ?

02 04 06 08 02 04 06 08
MVA_BDTG_pos_v_SM score MVA_BDTG_neg_v_SM score
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BDT scores combination

Similar behavior for both operators, EFT/SM ratio increased in
category 4

s ) categories
’ 1 Osm
i i |10 cwiiint
I S | 2 3 4
Category 3 Category 4 6000
(EFT w>0 (EFT dominated) r
dominated) r
4000
o A L
2000
Category 1 Category 2 0 L 1
(SM dominated) (EFT w<0 L
dominated) L
-2000
1 0 1 0 05 1 15 2 25 3 35 4

categories score
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BDT scores combination

Amplification of Sg distribution shape :
Sp+1 " Sp+1
2 2

Splitting S by categories, e.g. r,1 = p+ (cut 0.85)

S:SOX

r21 < 0.85 r21 > 0.8 W
6000:7”“_‘S"‘\A‘HHHHHH‘HHHH‘HEmries _
1y Mean 04125
so00[  —intelrf StdDev 0.2376
40001
3000}
r21_rec F B 1
2000[- 7
4| EEREFT E ]
7ZI1SM 1000 1
2 0: :L ]
Dol U P Y T u\uuuu
0 0 01 02 03 04 05 06 07
_0 o 05 10 Bins of c_terms_| h r21 0p85

Léo Boudet (LAPP) Comité de Suivi Individuel 6 septembre 2024 18/43



Results summary : ¢y, limits

TMVA XGBoost

CWIN (Tev—?) WA (Tev-?)
Observable 95% CI Observable 95% Cl
Fit lin+quad — s, [-0.148, 0.128) Fit lin+q ls [-0.103, 0.096]
Fit ” [-0.827, 0.879) Fit 2 .774,1.177)
Fit lin+quad — s, 143, 0.132] Fit lin+quad { C— L s, 104, 0.096]
Fit 2] .935,0.871] Fitli b 1192, 0.938]
Fit lin+q 309, 0.313] Fit lin+q .412, 0.418]
Fit lin — — [0 .369, 0.363] i [0 599, 0.590]
Fit lin+quad GG, ok OE] Fit lin+quad o 4 e 1yec s [0145,0.46]
Fitlin it (2750~ 0" Sn 10,307, 0.257) Fitlin —e——— (2*S0=1*Ss*5n 10246, 0.242)
Fit lin+quad ——— 186, 0.188] Fit lin+quad —— 149, 0.151]
Fit lin  —— [0 (Sp:S0) 3 16561, 0.257) R i i IS0 by (55.50) 3t {0354 0.310)
Fitlin+quad ——— IS by m¥Z cat .150, 0.151). it lin-+qt + Is by m¥2 cat [-0.234,0.234]
Fit (cut 250 GeV) .187, 0.184] Fit (cut250Gev)  [-0.376,0.370]
Fit lin+quad - y P cat b5, 0N0) Fit lin+quad — ls by ¥z cat (-0.135, 0.136]
Fitlin ——— (cut 600 Gev) 1172, 0.175] i ! (cut600 Gev)  [0.342,0334]
Fitlin+q by mi cat .090, 00921 Fitlin+ay pymizcar  [0114,0114]
Fit lin ——— (cut 900 GeV) .170, 0.154) Fit lin ——— (cut 900 Gev)  [-0.381,0.352]
Fit lin+quad ———— S by cat 1:0.161,0162] Fit lin+quad . — S by 2y cat 1-0321, 0.328)
Fit lin —— (cut 0.6) (-0.194,0.191] Fit o e—— (cut 0.6) [-0.462, 0.454]
Fit lin+quad ——— IS by £z cat [-0.160,0.161] Fit lin+quad —} | S by r21 cat (-0.311, 0.318]
Fit (cut0.7) (-0.194,0.191] Fit i (cut 0.7) (-0.453, 0.445]
Fit lin+quad ——— IS by r21 cat (HRICD,QNH) Fit lin+quad  — IS by 121 cat (-0.305, 0.314]
Fitlin ——— (cut 0.85) 1-0.194,0.191] i P (cut 0.85) .447, 0.439]
~1.00-0.75-0.50-0.25 0.00 025 0.50 0.75 100 ~1.00-0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

Single BDT score, basic combinations, combinations by m%# category
and by r»¢ category
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Conclusion

Fits results (lin+quad) :

Analyse Observable 95% CIc s 95% Clcy
VBF Z [2] Ad; [-1.06, 1.06] [-0.12,0.12]
VBF H — W*W [3] Ad; [-1.2, 1.1] N/A
WZ (this work) p1 (> p7,Z, WeP) [-3.97,3.96] [-0.21,0.21]
WZ (this work) Oy [-3.25,3.19] [-0.17,0.17]
WZ (this work) ©% [-3.82,3.74] [-0.20,0.21]
WZ (this work) S(m%?), cut 600 GeV [-1.78,1.75] [-0.11,0.11]
WZ (this work) S(m%?), cut 900 Gev  [-1.77,1.80] [-0.09, 0.09]
WZ (this work) So(Sp, Sn) [-1.88,1.91] [-0.19,0.19]

@ Shrinks CI widths up by more than a factor 2
@ Competitive expected limits for Oy,
@ Have not reached same sensitivity for Oz

Léo Boudet (LAPP)
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To-do list 3rd year

@ k-folding training to take advantage of the full statistics
@ Implement trained BDTs in LAPPVVAnalyses framework
@ Apply to Run 2 data, proceed to unfolding

@ ... manuscript writing
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To-do list 3rd year

2024 2025
Finalise Chapter Chapter Submit o,
: . 2.&e® France
analysis QT theory manuscript A
Request Chapter Chapter Thesis ..... Travail

for Ed Board WZ and EFT detector defence
| I I 1 I I I I I I I I I

Sep Oct Nov Dec Jan Fev Mar Avr Mai Juin Juil Aot Sep

Manuscript content as planned to this day :
@ The Standard Model and the EW symmetry breaking
@ The LHC and the ATLAS detector
© Low pr electron identification in ATLAS
© Mesurement of WZ cross sections
© Constraints on SMEFT CP-odd operators
Possible splitting of chapters.
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Perspectives 3rd year

@ Publication of WZ analysis end of autumn/winter

@ Talk to Multiboson Interaction workshop in Toulouse (25th-27th
Sep) : overview of SMEFT CPV studies in ATLAS

2024

o Talk to the physics department of Jagiellonian University of
Krakow (week of 7th Oct)

th
Anniversary
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Thank you for listening!
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[1] Céline Degrande et Julien Touchéque. “A Reduced basis for CP
violation in SMEFT at colliders and its application to Diboson
production”.

[2] Collaboration ATLAS. “Differential cross-section measurements
for the electroweak production of dijets in association with a Z
boson in proton-proton collisions at ATLAS”.

[3] Atlas Collaboration et al. “Integrated and differential fiducial
cross-section measurements for the vector boson fusion
production of the Higgs boson in the H— WW— e v mu v decay
channel at 13 TeV with the ATLAS detector™.

[4] Haowen Deng et al. “Ensemble learning for the early prediction
of neonatal jaundice with genetic features”.
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Back-up
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BDT types

Oy, (pos vs SM) Ouiws (POS vs SM)
MVA_Likelihood MVA_Likelihood

s ,‘l:lm« ‘ 5 B

g [|=3eor B -

2 L BDTG Q2 - BDTG

i 1 T—— i U=

% L T = L \ﬁ..;_‘_‘ B

0.8 ™ 08f- :

¥ T ¥ 1""“%..““‘\
r [ e

0.6 0.6

04f 04f 1"'1
0.2 'l[ 0.2 L

L i L i
0 0
7HHHHHHHHHHHHHHHHHHHH 7HHHHHHHHHHHHHHHHHHHH
0O 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Signal eff Signal eff
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List of dim 6 operators

U(3)® flavour symmetry : all generations affected by the same effects

A =578 £ - y2XH ™ — (RR)(RR)
Qa | [ GGGy Qew (po*er ) HW, Qee | (Epruer)(@ner)
Qg | JGrcray Qs | (o e HBy Qu | () 7 ue)
Qu | e wirwpwhn Que (@™ Tu,)H Gy, Qua | (dyyudy ) dy)
Q| e Wirwiewse Quv | @ u)s B W), Qi | Emen) i u)
o§) - HE Qus | @0 un)ii Bu Qui | (eper)(dey'de)
Qu | (Hmy Qi | @™ Ted)H Gy, Q) | (@) (dirrde)
L Qav | @ d)s HW;, Q) | )@ Ted,)
Quo | (H'H)O(H'H) Qs (@po™de) H By
Quo | (D*H'H) (HID,H)
£ X £ - *HD £§7 — (LL)(RR)
Qua | H'HGj, G Q| ED L ) Qe | Gpdr)(Enrrer)
Quz | H'HGG™ Q| WD) G Qu | () @)
Quw | H'HW), Wi Que (YD H) Ee,) Qu | (o) (dydy)
Qui | HUH Wy, wine Q| B Que | @an) Een)
Qup | H'H By, B Qi (W'D H) (a0 ar) Q| @) @)
Qi | H'H BB Qe | (D ) ) QY | @ a) @t Tow)
Quwa | Hio H W, B Qua | (D ) (dyed,) Q) | @) @nrd)
Qs | Hio HW,, Quua+hc. | i(HD,H)(i,7"d,) Q) | (@T"a0.) (AT d,)
o - wH £§? — (LL)(LL) £§® — (LR)(RL). (LR)(LR)
Qun | (H'H)(e, H) Qu (Il ) (L1 Queag | Be)(duars)
Qua | (H'H)(Gyu, H) Q4 (@) (@0"00) Qe | @)esulatdy)
Qun | (H'H)(apd,H) Q& | @ete)@arete) Qe | @Tur)en(@Tods)
Q| )@ a) QD | @eresu(asm)
Ay | Gt antaa) Qe | Boweneindtor w)

JHEP04(2021)073

@ Bosonic
@ Boson-fermion
@ 4-fermion
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https://link.springer.com/article/10.1007/JHEP04(2021)073

BDTG hyperparameters

@ Number of trees

@ Tree maximal depth

@ Minimal Node Size

@ Shrinkage (~ learning rate) :
maximal impact of a BDT on
the final model
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Variable ranking So for O, /5

Variable AUC(N-1) Importance (%) AUC(N-1)- AUC(N)
phiStarW_rec 0.6305 0.1734 0.0099
TP_WZLepmWLep_rec 0.6352 0.0917 0.0052
phiStarZ_rec 0.6361 0.0765 0.0044
cosThetaStarZ_rec 0.6367 0.0665 0.0038
TP_WZLeppWLep_rec 0.6368 0.0646 0.0037
cosThetaStarW_rec 0.6371 0.0585 0.0033
sinPhiWZ_rec 0.6375 0.0515 0.0029
TP_zZWLep_rec 0.6375 0.0514 0.0029
dPhiWIZ_rec 0.6387 0.0303 0.0017
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Variable ranking Sq for Oy

Variable AUC(N-1) Importance (%) AUC(N-1)- AUC(N)
phiStarZ_rec 0.6257 0.3538 0.0204
cosThetaStarZ_rec 0.6410 0.0885 0.0051
phiStarW_rec 0.6413 0.0830 0.0048
sinPhiWZ_rec 0.6425 0.0617 0.0036
TP_WZLeppWLep_rec 0.6426 0.0613 0.0035
TP_WZLepmWLep_rec 0.6428 0.0565 0.0033
TP_zZWLep_rec 0.6450 0.0187 0.0011
dPhiWIZ_rec 0.6451 0.0177 0.0010
cosThetaStarW_rec 0.6451 0.0172 0.0010
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Variable ranking S, for Oy,

Variable AUC(N-1) Importance (%) AUC(N-1)-AUC(N)
r21_rec 0.8018 0.1891 2.8166

pOODNN_rec 0.8261 0.0254 0.3777
pTWZ_rec 0.8266 0.0223 0.3329
mTWZ_rec 0.8273 0.0177 0.2638
phiStarZ_rec 0.8287 0.0081 0.1200
cosThetaStarW_rec 0.8292 0.0050 0.0740
pTZ_rec 0.8292 0.0049 0.0724
cosThetaStarZ_rec 0.8295 0.0030 0.0452
DphiWIZIss_rec 0.8295 0.0028 0.0420
sinPhiWZ_rec 0.8297 0.0017 0.0257
phiStarW_rec 0.8297 0.0015 0.0228
dPhiWIZ_rec 0.8297 0.0015 0.0218
TP_WZLeppWLep_rec 0.8298 0.0011 0.0158
mTW_rec 0.8299 0.0004 0.0060
TP_WZLepmWLep_rec 0.8299 0.0004 0.0056
MET 0.8299 0.0002 0.0029
TP_zZWLep_rec 0.8300 0.0008 0.0124
cosChi_WZRef_rec 0.8300 0.0009 0.0127
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Variable ranking S, for Oy,

Variable AUC(N-1) Importance (%) AUC(N-1)-AUC(N)
r21_rec 0.8018 0.1975 0.0295
pTWZ_rec 0.8266 0.0310 0.0046
pOODNN_rec 0.8272 0.0272 0.0041
mTWZ_rec 0.8283 0.0197 0.0029
phiStarZ_rec 0.8299 0.0089 0.0013
pTZ_rec 0.8301 0.0075 0.0011
DphiWIZIss_rec 0.8304 0.0055 0.0008
cosThetaStarW_rec 0.8305 0.0048 0.0007
dPhiWIZ_rec 0.8306 0.0046 0.0007
cosThetaStarZ_rec 0.8307 0.0035 0.0005
TP_WZLeppWLep_rec 0.8309 0.0022 0.0003
phiStarW_rec 0.8310 0.0019 0.0003
cosChi_WZRef_rec 0.8310 0.0018 0.0003
TP_WZLepmWLep_rec 0.8310 0.0015 0.0002
MET 0.8311 0.0012 0.0002
mTW_rec 0.8311 0.0012 0.0002
sinPhiWZ_rec 0.8312 0.0006 0.0001
TP_zZWLep_rec 0.8313 0.0001 0.0000
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k-folding

< Train , lest
Test " _Train >

RN Y
v

k folds

k iterations

Resulting in k separate BDTs.
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Input variables : S, for Oy,

r21_rec cosThetaW_HE_rec cosThetaZ_HE_rec 180FWZ_rec [MeV]
06
4| mm signal 075 6
72 bkg 050 04 4
2
025 02 2
ol 0.00 00 0
00 05 10 -1 0 1 -1 [ 1 o 1 2
1e6
PTZ_rec [GeV] PTWZ_rec [GeV] phiStarW_rec [rad] phistarZ_rec [rad]
0.02
0.0075 03 02
0.0050 001 02 o
0.0025 01
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Comparison TMVA vs XGBoost

While being desiigned differently, XGBoost serves the same purpose
as TMVA.

@ worse signal (=EFT) acceptance

o better background (=SM) rejection
TMVA XGBoost

TMVA overtraining check for classifier: BDTG

Overtraining check

3 [ 'Signailtest sampie) | | | « Signal (training sample) 8 Signal test
> 14 Background (test sample) | | « Background (training sample) - KS test signal: 0.01 = (28589 events)
z . = 3 74 KS test bkg: 0.00 Background test
Z 12 test: signal = 07800161 T3 (177501 events)
< = Signal train
= r §E 6 A (113985 events)
1 < Background train
F g 2 54 ® (710374 events)
08 [ 3 £
t = 2 4
06 H 3
[ 3 5 21
[ g
0.4 = 5
F & 2 2
[ 3
0.2 ] H 1
o Ll g 0
08 06 04 D2 0 02 04 0.6 08 " o o2 oo o8 To
BDTG response BDT score

Example : S, score for ¢, comparable AUC (0.83 vs 0.83)
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Results summary

Fit on Oy,

Best observable 95% CIlin  95% CI lin+quad
TMVA S(m%%), cut 900 GeV [-0.17,015] [-0.09, 0.09]
XGBoost S(m%Z), cut 900 Gev [-0.38,035]  [-0.11,0.11]

Fit on Oy
Best observable 95% CIlin  959% CI lin+quad
TMVA S(m%), cut 600 GeV [-1.84, 1.81] [-1.77, 1.80]
XGBoost  So(Sp, Sn) [-1.83, 1.15] [-1.68, 1.07]
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Impact of quadratic term

BDT scores distributions :

BDTGp BDTGn BDTGO
e pm— = =3
B oma [Bhome E =
it s E = S
of— ] of— ] of
-1 -08 06 0.4 02 02 04 06 08 -1 -08 06 -04 -0 02 04 06 08 -1 -08 06 -04 0. 02 04 06 08
BDTGp score BDTGN score BDTGO score
BDTGp BDTGn BDTGO
= = — = —
{= 5 cime i = e E = cme
L L E |
1770808 04 02 0 02 04 0608 -1 -08 06 04 02 02 04 06 08 -1 -08 06 04 02 02 04 06 08
BDTGp score BDTGN score BDTGO score
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Results summary : ¢,z limits

TMVA XGBoost

COWB/A? (Tev~2) COWB/A? (TeV—2)
Observable 95%Cl Observable 95% CI
Fitlin+q . [-4.065, 2.744] Fit lin--ou ls (-3.877,2.994]
Fit ” [-7.115, 7.276) Fit 2 [16.515, 34.256]
Fit lin+quad 795, 4.287) it lin+y .923, 3.950]
Fitli Isn 1052, 6.898] Fit [ 845, 9.299]
Fit lin- 378, 2.417) Fit i .958, 3.008]
Fi [ 45, 2.404] i o 192, 3.142)
Fitlin he Fitlin P 2
Fit lin-+qu GGG, O L] it lin+quad e 1yee ag [3228,33471
Fit in (250 =15,"Sh (2 892, 2.727) Fitlin (250~ 15" Sn (3 708, 3.648]
Fit lin+quad + + 881, 1.913] Fit lin+quad  — 833, 1.150]
ok [S0.bY (Sp.Sn) cat 3 g6 1 ga3) e [Fo by (S0:Sn) cat 1) 675, 1.073)
Fit lin+quad ——— IS by m¥Z cat 837, 1.607] Fit lin+quad IS by 2 cat [-2.406, 2.443]
Fit (cut 250 GeV) 877,1.848) Fitli (cut250 Gev)  [-2.654,2.609]
Fitlin+quad — —— 17 cat .779,1.751) Fitlin+quad Sbympecar  1:2365.2331)
Fitlin  — (cut 600 GeV) 843,1.813] (cut 600 Gev)  [2.705,2.654]
Fitlin+q y m cat LA, LT Fitlin+quad tlsbymicar  [2494.2.4601
Fit lin T (cut 900 Gev) 861, 1.830] Fitlin (cut 900 Gev)  [-2.874,2.819]
Fit lin+quad  — S by £z cat (-1.818,1.847) Fitlin+quad o — S by £y cat (-2.655, 2.704]
Fitlin - — (cut 0.6) (-1.874, 1.845] i e —— (cut 0.6) [-2.838, 2.790]
Fit lin+quad o — IS by £ cat [-1.816, 1.845] Fit lin+quad e —— IS by rn cat [-2.621, 2.669]
Fit (cut0.7) [-1.873, 1.843] Fit (cut 0.7) (-2.803, 2.754]
Fit lin+quad IS by r21 cat [-1.814, 1.843) Fit lin+quad IS by ra cat [-2.618, 2.665]
Fit lin (cut0.85) (RLEHT, ) Fi (cut 0.85) 805, 2.757]

-3 -2 -1 0

34 -3 -2 -1 0

Single BDT score, basic combinations, combinations by m%# category
and by r»¢ category

2

a
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Presentations

ATLAS week (12th-16th Feb) ==
Poster presented on QT results

UKRAINE

ssssss

oo ALGERIA TUNISIA
MOROCCO p pEE
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Presentations

e/~ workshop (8th-12th Apr)
Presentation on all of the electron
ID subgroup results with release
22

| ALGERIA TUNISIA
MOROCCO p pEE
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Presentations

ICHEP (18th-24th Jul)
Poster presented at ICHEP on
behalf of e/~ for final Run2
performances plots :

Final Performances lor_electrgrg and photon

an

with the ATLAS detector %
EXPERIMENT
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ADUM formations

Total : 203 hours

Répartition des heures

Professionnelle

ormation @ Catégori

Exercer son esprit critique : données et raisonnen  Transversale 20
Théorie des groupes Scientifique 18
European school of high energy physics du CERN 40
Summer school "Methods of Effective Field Theor @SEalllile[V] 40 Transversale
Cours d'espagnol a 'Université Savoie Mont-Blanc  Transversale 12 26,1%
Encadrer efficacement des TD-22-2 7
Enseignement & ['Université Savoie Mont-Blanc (2 8
REDIGER VOS ARTICLES ET VOTRE THESE AVEC 10
Cours d'espagnol a I'Université Savoie Mont-Blanc  Transversale 6
MOOC Ethigue de la recherche Transversale 15
MOOC Doctorat et poursuite de carriére 24
Enseignement a I'Université Savoie Mont-Blanc (2 3
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