(O @
INFN ) un
o
m
B
b ¥ 5
= \% —
g, S IVERSI | I
Q mccct

Istituto Nazionale di Fisica Nucleare

Electroweak measurements in CMS

Luca Della Penna

’I INFN and University of Perugia, Italy
on behalf of the CMS Collaboration

4
XXXI Cracow EPIPHANY Conference
13-17 January 2025




Contents

Istituto Nazionale di Fisica Nucleare

Contents: = EJu"e2021 CMS Preliminary
- Some of the most recent public results from [ 105 | o Cle e £ 1307 .
the CMS collaboration, published or submitted | - 1qs[ 7% DS oLt a7, 8 ana 10 v ]
during 2024, including the first Run-3 8 ol E
analysis (data taken at 13.6 TeV, startingin =~ |3 | ¢ = AN
2022) BI°F 4 Tk G E
EW measurements covers various aspects: S 10k L n . ;¢ i " 4
- SM parameters extraction (such as boson S L ? RiR sy | B
masses, BRs, EW angle etc.) - gl | o i i At
- cross-sections of single and multibosons S10F s RRRN ; BREE
production 102} L L i ' -1
- Searches for BSM effects, e.g. through VBS 10°L T“ " i
g | |
“Icms 10 02 o O 2 ol e [ o 1 2 o e e 2 1
% ' ’ Al results at: http://cern.ch/go/pNj7 BN 20 ol it Wit 224, o ™t nexp. 20

Electroweak measurements in CMS - XXXI Cracow Epiphany Conference Luca Della Penna



Run2

DY Forward-Backward Asymmetry 1%

138 fb!

The Backward-Forward asymmetry is used to extract sinzeEW due to vector and axial current interference. 2 — [T~

7
1 do 2 CMS . Ll 2016.2018,137T6V) CcMS 59 fb™" (2018, 13 TeV)
; dCOS 9d(I) ~ 1 + €os 0 + Z Alfl(e’ (I)) < - Eit(CT1BZ) itE I uu I , ll::)it(CT182I) I [
1=0 1|~ Data ] r ~ Data 1
. . . . j f = L Jd  F
- Collins-Soper reference frame is used, and the direct extraction : A4 A ’ .
from angle between the negative lepton and the incoming quark ~ °F™ i avarail ot | A
cosB is employed as a cross-check ] d
- Four exclusive categories based on subdetectors information: g .. | E ]
ECAL (g), HCAL (h) for electrons O § oottty
8—0.05- W+ 1 S 0.05F “
In| Prain® Plmin® J 20 4 A @ & Iyl L
0.00-2.40 20GeV  10GeV 1IY1-M bin z
Zg 0.00-2.50 25GeV  15GeV CT18Z PDF Setws . . A
[77e] Mg,h‘ p:i"rnin P%Tnin EAOOFCMS L ' 0.8<ly|<1‘_2 B § CmMs ‘+ Ei;(a ‘ Sg;ly:;(é;; . _
eg 0.00-250 2.50-2.87 30GeV 20GeV @ gy DR eSsmsdEresy o 2 eh ' ‘ |
eh 157-250 3.14-436 30GeV 20GeV L‘Eﬁs""f I s I ]
EW angle using the dilepton final state from Z decay is extracted with: moif +_§ o -
1-unfolded A,(|yl, m) i % e T L
2- weighted Aco(lyl, m) (same method used in Run2 data sample) 105 £ ]
R e ananne I B e e
SMP-22-010 Sosst——e 5 © 5 ——v5 1
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sin?0pw = 0.23157 + 0.00031

- The most precise measurement at hadron collider

- Comparable to the most precise measurement from
LEP and SLD e'e colliders, which differs by 3.2 s.d.

- The uncertainty is dominated by PDFs

DY Forward-Backward Asymmetry 13 TeV
138 fb!
LEP Ala a1 ' 0.23099 + 0.00053
LEP P, — 0.23159 + 0.00041
LEP A% [~ —.— "1 0.23221 = 0.00029
LEP A%S —_——.— 0.23220 + 0.00081
LEP Q% 0.2324 =0.0012
SLD A, —.— 0.23098 + 0.00026
CDF 1.96 TeV —— 0.23221 + 0.00046
DO 1.96 TeV —— 0.23095 = 0.00040
ATLAS 7TeV o 0.2308 =+ 0.0012
LHCb 7+8 TeV 0.23142 = 0.00106
CMS 8TeV ——— 0.23101 = 0.00053
CMS 13TeV ; . —— i 0.23157 + 0.00031
0.229 0.23 0.231 5 0.232 0.233 0.234
: ¢
sin“6,
Comparison between alternative choices of PDF
sets w.rt the CT18Z set
CMS 138 fb' (2016-2018, 13 TeV) CMS 138 fb” (2016-2018, 13 TeV)
i ' ' ' CT18X —
oA, -0-A,
Ze P o A% CT18A = o Al
e?l A . e 1 00SB0s C:gz =" - A%, (no-prof)
,,,,,,,,, = T18 —
2016a — Afg comb MSHT20 L == Apg CT18Z
i =t NNPDFd0 | =
2018 ﬁ NNPDF31 . =i ,
04‘23 0'2'32 0.2‘34 0.23 0.232 0.234

SMP-22-010
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W Branching Fraction @FN ff
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Test of CKM matrix unitarity >~ [v.i> =1 t— WTb— cqb |
, . . d x10° 138 fb! (13 TeV
Extraction through semileptonic decay of t-thar (?.5 - CMS éltl?ata=tfdileptonic I i s
. . . . . - Single t Syst. Unc.
- Need to tag jets from charm hadronization (moun-tagging technique) 32-5§ — i
Tagging charm jets -3
Inaround 9% of the cases, a muon is produced in charmed-hadron decays Wis -
- isolation of the muon within R=0.4 jets: | >2.5GeV £ [ ‘1
cuts on the p;# fraction of the muon inside t’ﬁe jet to reduce =
contamination from prompt muons: p,#/p/ < 0.5 0.5
calibrated on b-jets X e, : ;
O0S w.rt the lepton from the other W boson £ § e e e
4+ 4 WZ Lo ¢ -
P < ITw 0 10 20 30 40 50 60 70 80 90 100
& @")’H I [GeV]
2 2 2 CKM
RW = B(W — Cq) - |Vcd| s |Vcs| £ |Vcb‘ ”"'taltyo 5
= BW—uq)-+-BW s éq)  |WMalPH Vel + Vs P+ 1ValP VP [VaeP SUP.24-00

Submitted to Phys.Lett.B
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e 10° 138 fb' (13 TeV] o x10° 138 fb" (13 TeV]
E ] [')aba-lldlleplonic [ V+jets and other 35;— [ l?ala-dfilleplonic [ V+jets and other .
S ECMS  gimswewwmsmie | S ECMS g @l e Four categories based on the leptons from a W boson and the tagged
~ E uq ~ E Ottug
z 40;_ no charm tag E 25;_ no charm tag Charm'
€ o c F .
sofated f
- isolated muon, no charm tag
E 10 i
Tl | 1 | L iedctonmomig
£ i E ]
R e B
38104 B 2 oF 1
] e st AL — e L - isolated muon, charm tag
S osf a 08k i
06 06 -
B Tl isolated electron, charm tag
m¥ [GeV] m [GeV]
] ]
> 24 x10° 138 fb" (13TeV) x10° — 138 " (13 Tev Prompt p Prompt e Prompt p Prompt e
§ 2.3 CMS é§:=:$:wm E\S’;:_Bui'f oher § 14  CMS IEI: :: =;i:'5:l$cm E;;l;lsl;:d e lirocess no charm tag  no charm tag charm tag charm tag
<18 F';Ofr"m‘av Dt uq [ Same-sign data s P;O;"P‘tae Dt ug [Same-sign data tt, W — cq 245816 (7%) 151570 (7%) 8172 (9%) 4993 (9%)
B = g £ : T, W — uq 257789 (7%) 159146 (7%) 150 (9%) 84 (9%)
S 14 g F Dileptonic tt 31343 (7%) 19219 (7%) 299 (8%) 188 (8%)
@12 @ 0’8; Single top, W — cq 5060 (7%) 3085 (7%) 133 (10%) 93 (10%)
3 ;=_ 06 . Single top, W — uq 4772 (7%) 2948 (7%) 2 (50%) 2 (50%)
06E 0.4f- Single top, no W — qq 3620 (13%) 1884 (13%) 15 (20%) 9 (50%)
0.4F- =5 o02F V +jets 5005 (12%) 3687 (12%) 43 (30%) 9 (50%)
0.2E E Diboson 299 (12%) 142 (12%) 1 (50%) 1 (50%)
B 4K B l4F Total predictions OS — S$ 8815 (9%) 5379 (9%)
g B R e S S S Data SS 2551 (2%) 1546 (2%)
809 o Total predictions 553705 (7%) 341681 (7%) 11366 (7%) 6925 (7%)
50 60 70 80 90 100 110 50 60 70 80 90 100 110 Data OS 553378 341232 11167 6806
mx" [GeV] rn“j"[GeV]

w B(W—)CC{) |Vcd|2+|Vcs|2+|vcb|2

BW = uq) } BIW = ¢q)  [Vaal2 + [Vas P+ [Vip P + [Vea 2 + [Ves 2 + [V ]2 SMP24-009
Submitted to Phys.l ett.B
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W Branching Fraction —~ ((INFN (iEY) s

o x10° 138 fb' (13 TeV] o 10° 138 fb" (13 TeV]
E ] [_)aba-lldlleplonic [l V+jets and other 35;— [ I?ala-dfilleplonic [ V+jets and other .
S b oMS,  Diamseewumsmue | S EOMS G Mo r oo v Four categories based on the leptons from a W boson and the tagged
~ E uq ~ E Ottug
= 40:_ no charm tag 5 25;_ no charm tag h .
§ 5 o charm: SM
o 30F- O 205— 1
2 - ALEPH = 0.51+0.06
.4- _4: E
2 2 E OPAL —_— 0.481 £ 0.053
8y 8 =
50 50 70 0 50 100 110 50 50 70 ) 50 100 110 =
mi¥ [GeV] mj" [GeV] F
L 1380 (13TeY) 0’ 138 b (13 TeV [l imagn | 0.49 + 0.04
Jecms  gemieee Eemme| FUECMS goemiewe e R R
2 przomp(‘: 1 uq @ Same-sign data S 1.2:— F'r:ompttae [Dtiuq [ Same-sign data F
B = g £ ‘ E CMS 13 Tev - 0.489 £ 0.020
0;:_ 05:_ 4 0}55 ‘0?4. = ‘0.135. = ‘045. = .0.155. = .0{6. = .0,]55
06E 0.4F B(W—cq)/B(W—qQ')
04E — =
0.2F- 0’25 . .
g14 §14 The most precise measurement to date of the W boson hadronic decay
a 1.2 a 1.2f ¥
R T P T S——— S A T e e St e . . .
Fodf f ‘ J oo TP ! branching fraction ratio.
.5.) 60 70 80 90 100 110 ‘5.) 60 70 80 90 100 110
mj" [GeV] m" [GeV]

W __
. —— v RY =0.489 + 0.020

N B(W — uq) + B(W — cq) N |Vaial >t | Vasl> + |V P TVeal - Va7 [Ven [P SMp-24-009
Submitted to Phys.Lett.B
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CMS collaboration has measured the inclusive cross section of WZ production at all the energies reached by the LHC (5,7,8 and 13 TeV).
- Bothinclusive and exclusive WZ cross sections have been measured in leptonic final states (3 isolated light leptons + 1 neutrino)

- requiring exactly three isolated leptons with at least two OSSF leptons to be consistent with Z mass DAY~ my| < 15GeV

34.71b"'(13.6 TeV) 34.7 fb" (13.6 TeV) 34.7 b (136 TeV) 34717 (13.6 TeV)
@ 100 LA AsaSLARE- 5 T T P T T T T T 3 T T T T T
é 1400’& we !‘;f,,f“ 3 9 e anER ¢ Daa E § e : \[,’vazm i ‘Z’Z”“""""'V B & 6005 CMS WZSR § Data
WERE L s S eoor # %45 Uncertainty @ WzsR  EEXy i e L Postfit 25 Uncertainty
1200 & Data  sm Uncorainy S = “*“ wz 3 20000 posiy  MEOther < 50 " wz E
1000, Xy =ﬁx = 2 s00F + . zz 4 1§ 400 . 2z 3 — AN ————
i Other \.% 1500 _ 4 o o . Xy q w q' W,
E o = S—— B ” { T
£ & I Other
6001 Mosoochococod e q q
frwves@evinns
400F e
F q Z q z
200 E : ] B VV VYV _
E 7 = 3|
e ——— ]
FERY - - - 3 s 12 FERE T o % . v
& |E‘..A. .......... Avinnnrennng AR 1 & & 061 — & o by oo §f* o +l l* .
S o8 1 ; 5 = X FRCL TN NS VLY R A LO F d
£ eee e e TR g 40 60 80 100 120 140 160 180 200 220 § W () W (+) § 40 60 8 100 120 140 160 eyn man Iagrams
a8 Lepton flavour a p, () (GeV) Final state charge PP (GeV)
34.7 b (136 TeV) 34.7 b (13.6 TeV) 34.7 b (136 TeV) 34.7 fb (13.6 TeV)
3 T sv T T T T T T 2 1000 T T T g CMS' t T WZ‘SR 3 C‘MSI LA A1) '§ ;__“ L
1600F- CM: WZ SR 3 cms WZ SR =1 S 900 . SR 4 [} WZ SR e
2 L. Postit § Deta g Postit ¢ Daa G b ¢ Data dagy  posiit o 600 A WZSR 488 Uncertainty
3 uooE g s S a0 8 \lllvr\zcenamly 1 32484 Uncentainty 8 500 _— wz
2 1200 5 = 1 T0E wz 3 2 § s - 2z
g B 2 v - zz ] 600f- I 2Z E § 400 t - Xy
& 1o Z soof. N Xy 3 o 4o X
800 . X 300 [ Other
400 I Other i e E b
600 300F E 200! .
400 200F- wa i E i A ¢ z
200 100 o . - I
o
o = ; T T T T r ; T
FERE g 3 B e : 2 .
< 08 S 08 s P
s AN . s § 75 80 8 90 95 100 105 & 100 120 140 160 180 200 220 240 260 280 300 u n na yS I S
8 20 40 60 80 100 |2op v("zz? (Gx? 3 40 60 80 100 120 140 160 :,a%z)o&x)o 8 i, B) (GeV) 8 ml, E,1,) (GeV)
T () Tl
. 1 i :
Region Ny pr{fy, 05, 6y(£s), (£} Nosse |m(ly,05) —myz|  pF™ Nyg min(m(C,'))  m(ly, 3, Ly ({5))
(GeV) (GeV) (GeV) (GeV) (GeV)
SR =3 >{25,15,25} = <15 >35 =0 >4 >100
ZZCR =4 >{25,15,25,15} >1 <15 — =0 >4 >100 SMP-24-005
ttZCR =3 >{25,15,25 =1 <15 >35 >0 >4 >100 i
- ! ! H Submitted to JHEP
XyCR =3 >{25,15,25} >1 — <35 =0 >4 <100 —_—
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CMS collaboration has measured the inclusive cross section of WZ production at all the energies reached by the LHC (5,7,8 and 13 TeV).
- Bothinclusive and exclusive WZ cross sections have been measured in leptonic final states (3 isolated light leptons + 1 neutrino)

- requiring exactly three isolated leptons with at least two OSSF leptons to be consistent with Z mass

34.7 b (13.6 TeV)

CMS
MATRIX JHEP 2002 (2020) 087
~— NNLO QCD x NLO EW —_—
== NLO QCD total stat
O e (PP — WZ) £ (stat) £ (syst) £ (lumi) £ (theo)
|
eee I—'—O——l—l 53.4+3.0+3.3+0.8+0.2 pb
eep |H——H 548+26+23+08+0.2pb
uue h—o—ﬂ 529+21+14+0.7+0.1pb
s { Ho—H 559+1.9+1.1+0.8+0.1pb
Inclusive : e 5562+1.2+1.2+0.8+0.1pb
v b b b Ly
40 50 60 70 80 90

Ciota (PP = WZ) (pb)

)
3

Total WZ Cross Section (pb

n
o

%))
o

N
o

w
o
T

CMS

5 TeV (0.302 fb-"), PRL 127 (2021) 191801
7 TeV (4.9 fb™"), EPJC 77 (2017) 236

8 TeV (19.6 fb~'), EPJC 77 (2017) 236

13 TeV (137 fb~"), JHEP 07 (2022) 032
13.6 TeV (34.7 fb™"), this result

P e e

10¢ 4
+ ~~ pp NNLO QCD x NLO EW (MATRIX)
=== pp NLO (MATRIX)

20 1.5F
o= & z =3
==z1.0 * &
Sz
= 0.5F + ;

4 6 8 10 12 14

vs (TeV)

Im(P,12) = mz| < 15GeV

good agreement with SM
predictions with
MATRIX, NNLO QCD x NLO EW

Run3 Analysis

SMP-24-005
Submitted to JHEP
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CMS collaboration has measured the inclusive cross section of 0S WW production at different energies reached by LHC (7,8 and 13 TeV).
- Both the inclusive total WW cross section and the differential in jet multiplicity have been measured L4
requiring two oppositely charged, high-p,, isolated leptons, including those from leptonic tau decays WTW~ e Vv

3 3 x10° ' (13.6 Te! 4 x10° 3 e\
- x10 . . _3481'(136 TeV) 2 Tram e e e
R N ~ -tvx e ~ sop mtvx Sww . .
a8 Ccms T e 2 oo Sl m@ | E | oeomeen S mgz | OR aNd GRS divided in
N - o 3
~ | g v g 7 o . . ..
P i b @ - @ e _ bin of jet multiplicity
'E 40~ ww SR Higgs boson g Drell-Yan T "
Q + mwz L
> mzz
w =
\\\\\\ ®aoaaany guf
o Sos
(— - [] 1 2 3
Nl
x10° 348167 (13,6 TeV) x10* 348167 (13.6 TeV) x10° 34817 (136 TeV,
"""" Sy 5 cms Sy el S CMS Bl oot S 5 «foms Sy me
% Twob tag CR -‘g?;g. boson mm breiyan” % °r W2/22 CRs Egz;pmmm 1 = Same-sign cu-g?:g, boson -Ef:\:;u?\'r':.'f
| 2 =18 o o yoe E
L , = w = 2 SOLSTNNN
= F 4 J
n E E 20 p—
2 1.1 § 2! ] 1
= 1 BN PRTRRE g
[a) E E
09F E %14 ] 3 14f E =
E = 8", - S A - A
5 : 3 3 LI L £, \A\\k\\%\\r\\\\\\\x\\%&\\\\§
Ni 0 1 B 3 N -05 V‘E;Z 05 Z1Z 15 0 5 5 5 -
Quantity WW One/twob tags Z — 77 Same-sign Variable WZ 77 R 3 A I H
Nun}b.er of tight leptons Strictly 2 Number of tight leptons Strictly 3 Strictly 4 u n n a yS I S
Additional loose leptons ) 0 Additional loose leptons 0
Lepton charges Opposite Same Lepton pr >25/10/20GeV  >25/20/10/10GeV (py ordered)
plmax >25GeV | pnp | h g
T myy — mz <15GeV <15GeV (both pairs)
Fo | e el & SMP-24-001
my; >85GeV  >85GeV  <85GeV  >85GeV 3t e
o > - e | = my — >150 GeV Accepted by Phys.lett.B
Number of b-tagged jets 0 1/2 0 0 PT . >30GeV -
N 0/1/2/ >3 Number of b-tagged jets 0

10

i
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Run3

W*W- Production Cross Section 136 1oV i Qn (B i

34.8 fb!

CMS collaboration has measured the inclusive cross section of 0S WW production at different energies reached by LHC (7,8 and 13 TeV).
- Both the inclusive total WW cross section and the differential in jet multiplicity have been measured

UNIVERSITA DEGLI STUDI

DI PERUGIA

- requiring two oppositely charged, high-p;, isolated leptons, including those from leptonic tau decays WTw- — eiu,uiu
The cross section is extracted using binned maximum likelihood from observed yields in NJ. jet
multiplicity bins o(WW) =125.7+ 5.6 pb
CMS 34810 (13.6 TeV) . CMS i : : : ‘ ‘
5 .l \ Data 1 8 |« oms - Theinclusive WW cross section is in
g °°F SSPOWHEGHYTHIA | T | o ATLAS . .
= S L I I s good agreement with SM predictions
= o6 — 102 s .
i 12 o0 U using MATRIX, NNLO QCD = NLO EW.
oy 1 s A - The differential cross section as a
oz - 4 "y /f/j/ . function of the number of jets is in
£ | | E ' . LoDl R SRR agreement with predictions from
14 ;;&Theorelical uncerla_inly’ :é PP X
b e I o
o 11; é_‘ Theoretical unca.nalnty;l ' ¢ :% . 150 ; f " ; ) ) .
g I AL AR 4 i, {] P 4 i, Run3 Analysis
%5: :g é:.TheoretIcal uncenalnty[l . :E g 0.5 é 4 é é 1‘0 f2 1‘4 SMP—24-001
N e . 75 (ToV) Accepted by Phys.ett B

0 1 22
Number of jets
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- Vector Boson Scattering is the SM process with the lowest cross section measured B
by the CMS collaboration to date (can be a <1 fh). + QG
- Many results in the last few years, since the first observation in 2017
- ltis not only a test of SM predictions but also a way for beyond-SM effects

|t is sensitive to modification of triple and quartic gauge couplings, which are
included in the lagrangian in EFT theories (Wilson coefficients)

VBF W BTeV  JHEP 11(2016) 147 O(VBF W) = 42e+02 o mii® 19 fb~!
VBF W 13Tev  EPJC 80 (2020) 43 O(VBF W) = 62403 fb B 36 fo~!
VBFZ 7TV JHEP 10 (2013) 101 O(VBF 2) = 1.5e+02 fo  mmiiie 5 fb~!
VBFZ 8TeV  EPJC75(2015) 66 OVBF Z) = 1.7e+02fb  mifje 20 fb~!
VBF Z 13TeV  EPJC 78 (2018) 589 o(VBF Z) = 5.3e+02fb I 36 fb~?
EW WV 13TeV  PLB 834 (2022) 137438 o(EWWV) = 1.9e+03 b mifffis 138 fb!
ex.yy=WW 8TeV  JHEP 08 (2016) 119 otex. yy=wWw) =22 SN 20 fb~!
EWqaWy BTeV  JHEP 06 (2017) 106 O(EW qaWy) = 1170 wueiER 20 fb=!
EWqqWy 13TeV  PRD 108 032017 olEW gaWy) =24 b mifis 138 fb=!
EWosWW 13Tev  PLB841(2023) 137495 olEWoswWW) =100  nifiiR CMS VBS 138 fb?
EWssWW 8TeV  PRL114 051801 (2015) oEwssww) =4 e — 19 fo~!
EWssWW 13TeV  PLB 809 (2020) 135710 OEWssWW) =4 b weffl] 137 fb~?
EWqqZy  BTev  PLB770(2017) 380 oEWqazy) =191  ni measu rements 20 fb=!
EWqqZy  13TeV  PRD 104 072001 (2021) olEWqqZy) =527 il 137 fb~?
EWqqWZ 13Tev  PLB 809 (2020) 135710 olEWqqwz) =181 il 137 fb-?
EW qqZZ 13TeV  PLB 812 (2020) 135992 a(Ewqqzz) = 0.33 b (I 137 fb~?1
L L L 1
1.0e+00 1.0e+02 1.0e+04 1.0e+06 1.0e+08
o [fb]
Measured cross sections and exclusion limits at 95% C.L. Inner colored bars statistical uncertainty, outer narrow bars statistical+systematic uncertainty August 2023
See here for all cross section summary plots Light to Dark colored bars: 2.76, 5.02, 7, 8, 13, 13.6 TeV, Black bars: theory prediction
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Indirect search of BSM effects constraints dim-6 and dim-8 EFT operator WEW=* — [+ VT hi Vr
The amplitude changes with the new terms:

, Dt[ (o) ((D?
| Apsml® = Y ID 2Re|ASM~A g = |A o2
i ABSM ABSM
D;D>4 (Dj )C1(< )
+ Z ]D +Dk Re|A* D)A Dk |
j#k - Agdym

- atleast two jets with large pseudorapidity separation
- exactly one light lepton and one tau lepton with same-sign EW ssWWVBS QCD ssWW

- e 1B (13TeV) e B (13TeV) - TTEITT, S=77% — - -
B10° - CMs { Data B cco ssww vBs §105 rcms | Data I aco ssww vBsS egion anyL{/7, with|Ay| > 25 SSl, 1, pP™ >50GeV  Additional requirements
z o ;n B Other bikgs. 08 + (Zy + ets) 2 ;fh - Other bkgs. 0S + (2l + jets) SR v v v v mj; >500 GeV
51 [ maean i dilep. Nonprompt leptons 5105 Bhdeiaa i dilep. Nonprompt leptons Nonprompt CR 7 v 4 X
g10‘ I EW SSWW VBS 77/ Stat. + syst. unc. 210'F B e SSWW VBS 77 Stat. + syst. unc. tt CR v v X v b-tagged jet (“medium”)
210° OSCR v v X v b-tagged jet veto (“loose”)
10
10 . . .
1 - signal strength for EW ssWW VBS is found to be 1.44 times w.rt
107" . . )
SM with 2.60 significance
e o e I E : ‘e wi i :
- SRS et - first VBS analysis with a tau lepton in the final state
a 0 Pre-fit Unc. [l Post-fit Unc. a 0 Pre-fit Unc. [l Post-fit Unc.
o BES _%F
= | i— "4 SRDNN outputs SME/2-008
0 01 02 03 04 05 06 O-QM%?\IN%lgjlpu: 0 01 02 03 04 05 06 0. ;M%%Noogtpu: Submltted J[O JH EP

Electroweak measurements in CMS - XXXI Cracow Epiphany Conference Observations and BSMT

Luca Della Penna


http://arxiv.org/abs/2410.04210
http://arxiv.org/abs/2410.04210

ssWW Vector Boson Scattering

Indirect search of BSM effects constraints dim-6 and dim-8 EFT operator

Extraction of dim-6 and dim-8 coefficients from scan likelihood fit

- one active operator at a time (dim-6 or dim-8)
putting to zero all the others contributions
- 2D likelihood scan with 2 active dimension six

operators
- 2D likelihood scan with one dim-6 + one dim-8
operator
2
Néxp = Ngm + 5 A2 L Niin + Al4 NQuad

" Ju &
Nexp = Ngm + A4 Lm + A8 NQuad

unipg

UNIVERSITA DEGLI STUDI
DI PERUGIA

. 68% CL interval(s) 95% CL interval
Observed Expected Observed Expected
/A2 [-116,0.045] [-129,-8.03]U[-295,191] [-135,211]  [—14.6,3.53]
i /A2 [~0.341,0.416] [~0.501,0.576] [~0.605,0.681]  [—0.742,0.818]
cw/A2 [—0.513,0.481] [—0.681,0.669] [~0.842,0.818] [—0.987,0.974]
cuw/A?  [—5.48,431] [~7.00,6.09] [~8.68,7.60]  [—9.99,9.05]
. cuws/A2  [—30.7,89.2] [—41.7,69.6] [—49.7,110]  [—66.6,96.4]
dim-6  c,0/A2  [-12.0,14.0] [~16.6,18.1] [-209,227]  [-24.7,263
cup/A?  [-15.3,315] [—24.6,34.7] [-31.4,455]  [—38.2,48.8]
/a2 [-382,395) [—28.8,29.9] [-69.3,683]  [—49.4,49.7]
/A2 [-0.045,858)  [-143,223|U[5.88,9.54]  [—159,9.94]  [-2.64,10.8]
ciy /A2 [-3.27,344] [—4.53,4.42] [-555,560]  [—6.56,6.44]
e /A [-1.88,0.705] [~2.39,1.37] [-2.82,161]  [—3.24,2.16]
fro/A*  [—0.774,0.842) [~1.02,1.08] [-1.32,1.38]  [-1.52,1.58]
fri/A* [~0319,0.381] [—0.426,0.480] [~0.552,0.613]  [—0.640,0.695]
fra/A* [—0.851,1.12] [-1.15,1.37] [-151,1.76]  [-1.75,1.98]
fuo/ At [=8.07,7.70] [—9.89,9.74] [-13.1,128]  [-146,145]
dimg fmi/A* [-954,1115] [-125,13.3] [-164,177]  [-18.7,19.6]
fvr/ At [~17.6,15.3] [~20.3,19.2] [-27.6,258]  [—29.9,28.8]
foo/A*  [-9.60,9.82] [~11.6,12.0] [-159,16.1]  [-174,17.9]
foi/A*  [—40.9,413] [-37.4,38.8] [-60.9,61.8]  [-57.2,58.6]
foa/A* [—40.9,413] [—37.4,38.8] [-60.9,61.8]  [—57.2,58.6]
Submitted to JHEP
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ssWW Vector Boson Scattering

Indirect search of BSM effects constraints dim-6 and dim-8 EFT operato
Extraction of dim-6 and dim-8 coefficients from scan likelihood fit

- one at a time (dim-6 or dim-8) putting to zero all the
others

- 2D likelihood scan with 2 active dimension six
operators

- 2D likelihood scan with one dim-6 + one dim-8
active operator

: c i 5
N(le’fp NSM & o A2 NLln A4 NQuad 7 A‘z NLm A8 NQuad

- first limits on dim-6 operators in VBS events
- first study with combined EFT operators with different
dimensions

SMP-22-008
Submitted to JHEP
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Leptons production via photon-photon fusion (pure QED process) pp — Tt~ pp
- clean topology when the protons remain intact (back-to-back lepton and no hadronic CMS 138 ™" (13 TeV)
activity except for hadronically decay tau leptons) £ [ + observed @z 5wt @z s edlup
low N, ..., around the vertex and acoplanarity A cuts as proxy for back-to-back 7 2000 EExcl. bkg. MWV - I Jet mis-ID
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Observation of yy—1r

Leptons production via photon-photon fusion (pure QED process)
- clean topology when the protons remain intact (back-to-back lepton and no hadronic
activity except for hadronically decay tau leptons)
low N,.,.,. around the vertex and acoplanarity A cuts as proxy for back-to-back
Ieptons (feﬁning the SR
4 type of final states taken into account:

ey €Th HTh ThTn KM
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Observation of yp—tr . | (ONFPN (iR b
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Summary Y NP @

Istituto Nazionale di Fisica Nucleare

CMS has different goals in the Electroweak Physics research
- Precision Measurement: recent results on SM parameters are comparable to, or exceed, the
precision achieved at LEP
- Testing of the EW sector at high energy: multibosons final states are used to search for BSM
effects and new observations

New results will be available soon from data collected at 13.6 TeV during Run-3

Not a complete review, many other analysis published or submitted during the last
year (see the CMS SM Physics public results web page)
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PDFs and F-B asymmetry

Impact of the PDF on the forward-backward asymmetry:
PDFs affects the asymmetry due to two effects:
- up-type and down-type quarks have different neutral current couplings: we
must know the contributions of each type of quark to the cross section
- Ag(lvl, m) is based on the rapidity definition of the dilepton system (direction
of the negative lepton) that is Lorentz-boosted in the quark direction: diluted if
the antiquark has a larger momentum w.r.t the quark

SE 0. T T T T T o 08 T T T T T @ 0 T T T T T
< 0k PYTHAS ] i osf. PYTHAS = ok PYTHAS
6 -~ o F ] 6f =
LO NNPDF3.0 g it LO NNPDF3.0 LO NNPDF3.0
04f LNt 04f B 04f
Ao & .
seg0” Lo
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from the Run2 8 TeV analysis
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definition of weighted Ag(lvl, m)

1 do
o dcosf*

3 A
=z [l +cos? 0% + TO(I —3cos? %) + A4cusﬂ*].

(7

The Afg value in each (mgg, yee) bin is calculated using the
“angular event weighting” method, described in Ref. [40],
in which each event with a cos #* value (denoted as “c”), is
reflected in the denominator ( D) and numerator (N) weights
through:

1 P

=20+ +n3
1
T 204 +h)?

wp (8)

wN )
where h = 0.5A¢(1 — 3c?). Here, as a baseline we use the
pr.ee-averaged Ag value of about 0.1 in each measurement
(mygg¢. yee) bin, as predicted by the signal MC simulation.
Using the weighted sums N and D for forward (cos 6* > 0)
and backward (cos #* < 0) events, we obtain

Df = Z() wp, Dp= Z wp, (10)

c=0

NF=ZU'N. NB:ZwN' (11)
c<0

c=0

from which the weighted Agg of Eq. (2) can be written as:

Apg = = . (12)
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A,(lyl,m) unfolding | QNFN ) ining

SMP-22-010
Submitted to Phys.Lett.B We also extract sin? 95“ through the unfolded A, measurements, at Born level, in the pre-FSR
dilepton |Y|-M bins. The A4(|Y|, M) values are obtained by minimizing

p) = |v|2+ZD Ti(p, 7)) Vi1 (D, - (7, 7)),

where i represents the four data-taking periods and four dilepton channels, p represents the
parameters of interest, which are A and the various weights (strength factors x), ¥/ is the vector
of all nuisance parameters, V is the covariance matrix, which includes the statistical uncer-
tainties in data, signal MC simulations, backgrounds (MC simulation and CRs), efficiencies,
calibration, and trigger prefiring probabilities, D is the observed numbers of data events in the
r = (|y|,m, cos bcs) bins, and T is the vector of the corresponding predictions. For each sample
and bin r,
T,(p.7) = ) _S¥(P.V) + S} (%, V) + B,(V),
g

where Sf is the signal contribution from the pre-FSR bin ¢ = (|Y|,M, C), with C being the
pre-FSR cos g bin, to the reconstructed bin r, calculated as

fC X; A4,A0 d\
fC- .\,A4,0,A0,0)d.\

where Sfo, Ay, and Ay, denote reference predictions evaluated from simulation, and

S¥(x, Ay Ag) = Sy

f(x;Ap Ag) =1+x24+05A (1 —3x2) + Ay x.

The S) term represents the signal contribution from the underflow plus overflow pre-FSR bins
to the reconstructed bin r. These predictions are scaled according to floating strength-factor
values in the underflow and overflow measurement rapidity and mass bins. The B, term rep-
resents the background contribution.
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DNN list of input features

Three discriminators: SM ssWW, dim-6 VBS and dim-8 VBS | | | o
A signature of VBS-like process is the large jets separation, fEatures | ik farkindicaes tat e varabe i inclucedt nthe DNN model detied i e coumn
that are proxies of this topology are introduced in the DNNs hoades
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ssSWW DNNs

Three discriminators: SM ssWW, dim-6 VBS and dim-8 VBS
A signature of VBS-like process is the large jets separation, features
that are proxies of this topology are introduced in the DNNS.

- Energy distributions of WW pair:

2
Z: ) miss nuss 2
mip = (\/ mz, + PT e PT ) = |P 1%

mZ = (pi+pr+ p'T“'SS) — P+ pr + PP

INFN (frE3 inipg

" N T J. » UNIVERSITA DEGLI STUDI
Istituto Nazionale di Fisica Nucleare DI PERUGIA

DNN list of input features

Table 2: List of the input variables for the three DNN models developed in this study. The
check mark indicates that the variable is included in the DNN model identified in the column
header.

SMDNN dim-6 DNN dim-8 DNN
v
v

Input variable
Th Pt v
lpr v
T
Ly
leading VBS jet pr
subleading VBS jet py
leading VBS jet mass
subleading VBS jet mass
VBS jet pair A¢
mjj
myr
Mgy
mr (T, P
m_l_((/ p mlss)
my(€ + Ty, )
PR (1)
P (L ]2)
PE (T 1)
PE (Th j2)
Ap(L, jr)
AP(L, j)
A(P(Th'j'l)
AP(Th ja)
PT,leading T, n'ack/pT, : v

Z
~event

ENEN
ENENENEN

mlss)
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VIR EE Y & AN SRR AENSX
LRI

Electroweak measurements in CMS - XXXI Cracow Epiphany Conference

Luca Della Penna



A.D. 1308  mmm—

pyy—tr: tracks multiplicity

unipg

UNIVERSITA DEGLI STUDI
DI PERUGIA

CMS
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- Hard Scattering: compare DY data/MC near the muon dilepton vertex and
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