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Higgs Mass Measurements

> — T T T L
180 . a - .
8 L ﬂTngg Priflmlnaw o e zsGeyy ATLAS* Preliminary s Observed: Stat+Sys
© 160 T V= - 1 i 2z ] H—Z7* — 4 [m] Observed: Sys-Only
o [ leTdTev.iem 0X, VWY 1 {s=13TeV, 139 " Most : t
:‘2: 140:_ ; %ﬁﬂe‘i’:?w _: mH[GeV] OS preC|Se measuremen
C % %47 Uncertain n I~ & B
Lg.lj 120F / 3 an — i — 124,80 02 (Stat) "™ (sys.) from ATLAS:
s ] - E s +0.19(0.09)
100; ; 2e2p ——H——; 124.95:;;;(5'31.):;:‘(3#.) MH b 124‘.92_0.19(0.06)G6V
80 E 5 : .
60 :_ _: 2u2e —'—E-El— 126.34 17 (Stat.) 777 (Sys.)
ok 1 . B s my=rony | ATLAS-CONF-2020-005
20:_ _— e ——— J:.------.---.---.--..--..--:;:;..--..:‘;.D; ------- -
- Combined —fe— 124.92 ;g (Stat) | " (Sys.)
160 124 125 126 127
m,, [GeV] m,, [GeV]
- CMS 359f" (13TeV) CMS
L B B AL BN BRI BN RN p B .
g e Al categories I Poorosson ey e —Toal [Isaony | Most precise measurement
~ 14000}~ S/(S+B) weighted S |2016:35.91b (13 TeV)
F‘_:! i Data ] Total (Stat. Only) f C M S .
,_% 12000 : — S4B it E Run 1 H-yy —_— 124.70 £ 0.34 ( + 0.31) GeV rom *
10000 % L B component =
T ool B 1| Rnthezzoa e ussecoss(comce | Mp = 125.38 £0.14(0.11)
=R +2c ] . .
= 60001 Run 1 Combined —_— 125.07 +0.28 ( £ 0.26) GeV Com b Ination Of
4000 TR T T S e e e e e [ e e e e
g 20005_ 2016 H—syy ——  12578+026(+048Gev | IMEAsSUrements from Vv,4|
@ El 2016 H—> ZZ— 4 125.26 + 0.21 ( + 0.19) GeV decay channels
2016 Combined 125.46 £ 0.16 ( £ 0.13) GeV
Run 1 + 2016 125.38 + 0.14 (+ 0.11) GeV

IIIIIIIIIIL\JIIIIIIIIL‘JJII|||||{\JJIIII .
i 122 ioaied i i i i ias - Phys. Lett B 805:135425

m,, (GeV) my (GeV)



https://cds.cern.ch/record/2714883/files/ATLAS-CONF-2020-005.pdf?version=1
https://arxiv.org/abs/2002.06398

[ Measurements

CMS 197" taTe'Nj +51 b7 (7 TeV) : — i
E s[ ' — 1 3180, ATLAS Prellmlnary o ou LS
Early measurements set limitson 2 | &g;‘-‘:';’:; 2 160k FHo 22 o d e
. . . . =t - — . 13 TeV, 139 b 0L VWY 7
'y by measuring the Higgs lifetime [ iessi00um S0k 2o 3
. E -— - gg_)‘u, bkg — g . g %% Uncertainty
or the width of the on-shell peak: & [ FHa e @ 120F
~3 x 107 3eV<Ty<~1—3Gey © | Bz 1 1oF
! 80F 2
FH,SM =4.07 MeV | 605
2 a0f-
Need to include off-shell I 20F
information to increase precision o G 0 140 160

Phys Rev D 92: 072010 cAt (um)

Assuming on-shell and off-shell couplings are equal
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This is measured for different production modes
(ggH VBF ATLAS), (ttH,VH,VBF,ggH CMS) including
4| and 2I2v final states
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Higgs CP Properties at the LHC

SM Higgs is even under CP inversion

Observing anything other than CP-even interactions of the
Higgs indicates BSM physics.

CP structure probed Scale of CP-odd contributions

Fermion Htt,Htt O(1) (Tree level)
Gluon Hgg O(1/v”2) Dim 6
EW Vector Boson HZZ,HWW,HZy,Hyy O(1/v”2) Dim 6

Summary of CP measurements from Atlas and CMS



CP structure Higgs Tau Tau

Effective Lagrangian for Yukawa Coupling to tau leptons

parameterized by CP-Even and CP-odd components
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Measure ¢dcp(dep) to directly probe CP structure of Yukawa Coupling
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Pcp Results
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CP Structure of Higgs Top Yukawa

Similarly, effective Lagrangian for Yukawa Coupling to top quarks
parameterized by CP-Even and CP-odd.components

LitH = —K;Yi P /¢ (Cos af]+[i);§in Q’)Wt]

Analyze ttH, or tH production to probe CP structure 9

ATLAS and CMS construct BDTs for classification and optimal observables
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CP Structure of Higgs Top Yukawa
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CP Structure of HVV couplings

No CP—Odd HVV at tree level allowed under SU(2)xU(1)
-Dimension 6 operators allow for CP-Odd HVV interactions

EFT provides general coupling framework to probe HVV CP-structure

ATLAS and CMS use different formalism but both place constraints on

Dim 6 CP-Odd contributions
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Higgs-gluon coupling CP results
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ATLAS HVV results

Analyze HVV couplings in VBF production and H—>tt ---

Kinematic information from associated jets correl
with coupling structure at HVV vertex
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CMS HVV CP Structure

HVV couplings parameterized by tensor structures in scattering amplitude which
allow for modelling of any EFT effects
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Multiple analyses constraining HVV couplings with ggH, VBF, VH, ttH, tH production
and H->tt, H=>4l, H—>yy decay
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CMS HVV results
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Measurements consistent with SM expectation
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Conclusion

Higgs mass measured to great precision
Expect improvement with full Run 2 dataset
First evidence of Higgs Off Shell Production!
I'y=3.2723MeV

In the fermion sector tau and top quark CP-structure is probed
New for Run 2: Pure CP-odd coupling excluded at > 30

CP-structure of Higgs gluon couplings probed with jet
correlations in the gluon fusion loop

CP-structure of HVV couplings probed through a variety of
production and decay modes

Stronger constraints expected with Run 3 data!



