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Higgs Boson Discovery at LHC

> On 4t July 2012, Higgs discovered by ATLAS and CMS at the LHC
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» To explore the properties of the 125 GeV Higgs more ~ -

precisely
Mass, width, lifetime, signal strengths, couplings, cross section

and differential cross sections, Spin/Parity , CP mixing ...



SM Higgs production at LHC
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Higgs BR + Total Uncert
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Higgs decays

» BR @ mH=125GeV

Decay channel  Branching ratio  Rel. uncertainty
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» Five sensitive channels for low mass
SM Higgs boson searches at the LHC
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LHC Run 1

Successful operations in both LHC and Experiments

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2012-12-16 20:49 UTC
25 ‘ ‘

m— 2010, 7 TeV, 45.0 pb *
— 2011, 7 TeV, 6.1 !
20 — 2012, 8 TeV, 23.3 0!

®* LHC was in good condition during Run-1
(2010-2012)

®* ATLAS and CMS collected good fraction of data
(>95%) throughout Run-1

* 8 (7) TeV collisions
~20 (5) fb~! good data for physics
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Total Integrated Luminosity (i)

Challenging pile-up conditions
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Channels explored
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S/(S+B) weighted events / GeV

Observmg the Higgs: yy and Z
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Higgs Decaying to WW
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Higgs Decaying to Tt
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Weighted events after subtraction / 20.0 GeV

Higgs Decaying to bb
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Mass, width, lifetime



Higgs mass

Measured from the global fit to data of high precision channels
H->yy and H-> 2Z- 4l PRL 114 (2015) 191803
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Some tension between the four measurements (p-value ~10%) and

opposite in ATLAS and CMS - very good agreement in the central values
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Higgs total width: direct limit

4 MeV predicted in SM, direct
measurement from peak width

limited by detector resolution
(~1.5 GeV)
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¢ CMS results;

lecay-mades combined resulting in;
sewed @ 95% CL (2.3 expected)

¢ ATLAS results:

—H — yy; T, <5.0 GeV obs. @ 95% CL (6.2 exp.)

19.7 o' (8 TeV) + 5.1 fo' (7 TeV)
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Higgs total width:

on/off shell

Breit-Wigner production gg>H->ZZ: = 1 L B
8 ATLAS Simulation Preliminary 1s=8Tev
dO' 5 4 F('IH,) Y, ~ X "g 10_2 g — 772 > 2e2u —=|
dm? ~ 9992 (m2 — ) 212, WJJ 3 £ —.—ze ]
m?2 —m3)" +m% - © —- g () 2Z ]
S 10° e 0 ) Z o, , 10
On-peak and off-peak cross sections: g, ;
2 2 10 T, -
a_on~shell = do « il R gggz l‘&h‘ -,
dm mul'n .
|m—mu|<nlu 10
de L
off —shell __ 2 2 S5 1 T Y U ST SO S SN SN MUY S-S
a = / dm A~ 4997 10°""200 200 600 800 1000
m—mg>TH ZZ it my, [Ge:V]

Unff—she]l

Off-peak to on-peak ratio is proportional to I',

oon— shell

CAVEATS (model-dependent assumptions):
*  assume that gg 2 H is the dominant production mechanisms (e.g., not qq - H)
*  evolution of g_,,(m,..) depends on what is in the loop: assume top-loop dominance
*  off-peak production depends strongly on tensor structure of H2ZZ: assume SM-like 0*

Technical, but very important, detail:
*  must include negative interference between gg>H*->ZZ and gg—2>(box)2>ZZ
*  off-shell production: 0, 5,5, % 0., 5pon>22 Tinterterence
*  K-factor on gg=>(box)>ZZ is large and not well known
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Higgs total width: on/off shell

» ATLAS combined ZZ (41, 212v) and WW (evpuv) channels
» CMS include both ZZ- 4l and ZZ-2I2v final states, ZZ+WW

combination will be public soon
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lifetime

* ot &= 4.8 x 107%um (well beyond experimental sensitivity)
* H—>ZZ->4lchannelis used to measure lifetime

* pq-spectrum dependence of vertex resolution taken into

account

¢ CMS 19.7 b (8 TeV) + 5.1 b (7 TeV) CMS 19.7 16" (8 TeV) + 5.1 1o (7 TeV)
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First ever constraint on the Higgs boson lifetime!
CT, <57 ym observed @ 95% CL (56 pm expected)
r > 3.5x10”° MeV observed @ 95% CL (3.6 x 10 MeV expected)



Signal strengths, couplings

* ATLAS and CMS results are combined for the
measurement of the Higgs boson production and
decay rates and tests of its couplings

* Gain afactor /2 in precision (still statistics limited,
including many syst. uncertainties)

* Allresults are compared to the Standard Model
(SM) predictions
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Signal strength of Higgs Productions

Assuming only one SM-Higgs boson and SM decay, and
strength for 7TeV and 8TeV are the same

I‘I':omeasured/ 0'SM

ATLAS and CMS Preliminary D ATLAS+CMS combination provides
un ==
B * ATLAS+CMS 5.40 (4.7 expected) significance
no B —+20 for VBF production
g9 :
—— ATLAS-CONF-2015-034 Production process Measured significance (0-) Expected significance (o)
- ; CMS-PAS-HIG-15-002 VBE sS4 47
h : WH 24 2.7
VBF : ZH 23 29
i VH 35 4.2
5 ttH 44 2.0
MWH . . .
B ; Largest difference in ttH: 2.30
n i excess with respect to SM
e +0.11
= ’ Overall U= 1-09_0_10
M _
PN fProduction process ATLAS+CMS ATLAS CMS
fogr 1.037017 1.2570-3 0.847017
i, HVBE 118703 121703 REMH
[ T i 0.88701 125703 0.461'3;?;
1111 | 1 111 I 1111 I 1111 | L 111 | 1111 | 1111 | 1111 ,UZH O‘SOig‘__‘:g 0'3Di8—1‘!\ l '35i8;3
0O 05 1 15 2 25 3 35 . 23507 1.970% 29509

Parametervalue  palative error is about 15% -50%"



Signal strength of Higgs Decays

Assuming SM production

ATLAS and CMS Preliminary - ATLAS Decay channel ATLAS+CMS ATLAS CMS
LHC Run 1 - CMS s 1.16:% 1.1540-2 1124033
o ATLAS:CMS Wz 131507 151503 1.05505
— : + v L1y 1.2340-3 0.9170:3
. —+ 1o I p+0.25 4] +040 gg+0-31
T = o - i BN
e ATLAS-CONF-2015-044 = = —
— : CMS-PAS-HIG-15-002
uzz i m——
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B ; IgNa strengt SN
WW — .
1l —= different channels
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u’t’c |*
——— H
B ; SMin1lc
l-lbb __"._'__
—.—E
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0 0.5 1 1.5 2 2.5 3 35 4

Parameter value
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Fermionic & Bosonic production

I 4 IIII||l|l||]|Il[Illll||||l|l||]|l|[||l||||]|II[II
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¢ Fit the bosonic and q_ig 3: LHC Run 1 ATLAS-CONF-2015-044
fermionic productions - Preliminary CMS-PAS-HIG-15-002 |
separately per decay of E

¢ @H{H/ U gorsup= 1.06 70 —0) 1:_ E
¢ No assumption on the BRs is a
needed in the combination of the 0:_ OHoy -

U vpr+vi/ M ggpi Tatio (benefit of _1:_ gﬂ > szw ]

the ratio) - xSM  —68%CL OH-w ]
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In agreement with SM
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Coupling: k

o “k-framework” by LHC Higgs cross-section working group: simplest
parametrization of Higgs-couplings deviations from SM values

K.=g. [/ gSM
« Minimal model

* All fermion couplings scale the same way: ;= Kk, =k, = kK, = K,
* All boson couplings scale the same way: k= Kk, = k;

* No new physics beyond the SM
— ATLAS-CONF-2015-044

Q—MLL2-5III|III|III|III|III|III|I\I|III|I\I|III_ MLL Iltllllll““Illlllll““

" ATLAS and CMS ClHopm | 1.6~ ATLAS and CMS CMS-PAS-HIG-15-002
| LHC Run 1 CJH=2zz - LHC Run 1 Ry 1
2| Preliminary + CiH-ww 1.4 Preliminary .~ -
L GEY: B 5 ]
DH - 1T L )
i [Jcombined | 1 2__ , ]
All resultsin ‘ ] ; ol - :
agreement with ' ] B ~.~Combining 5 decay
SM within1i o 0.8f- 7 modes ;idata agree
B 0 63_ with SMijvery well
0.5 | s [JATLAS
L %*SM  —68%CL 4 I *SM  —68%CL [Icms
[ #Bestfit ---95% CL 1 0.4 + Best fit ---95% CL [CJATLAS+CMS
111 | 1 11 | 1 11 | 1 11 | 111 | 1 11 | | - | 111 | 111 | 111 1111 I | | ‘ I | I | I | I Ll 1 | ‘ L1 11 I | |
O0 02040608 1 12141618 2 0.7 08 09 1 11 12 13 14
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Individual coupling modifiers

‘ ATLAS and CMS Preliminary - ATLAS

LHC Run 1

ATLAS-CONF-2015-044
CMS-PAS-HIG-15-002

I ”HN}IIW

- CMS
- ATLAS+CMS
—=+ 1o

p—

0O 020406 08 1 1.

L1 1 L1l L1l | L1l
14 16 1.8 2
Parameter value

Assuming :

® no BSM particlesin
the loops

® BRy\=0

o K;>=0

K, is lower than
SM more than 1o

The measurement
of k, is very poor



Coupling modifiers vs Particle Mass

> - e g | ' | ATLAS-CONF-2015-044
t .
~ 1 ATLAS and CMS 7 &5 CMS:PAS-HIG-15-002
i = LHC Run 1 Preliminary PP
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U - B
1072 ¢ =
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- ) b :
=3l ) .
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© 4E E
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Particle mass [GeV]
Within current precision Higgs couplings scale with particle masses



Coupling modifiers : K, vs K

*  We can also set effective couplings k, and k|

* Assuming tree level couplings as in the SM and BRg.,,=0

* Notunitk,and k, means additional particles enter the loops

o 1_8 LA [N L L A LA B
o - ATLAS-CONF-2015-044
; - ATLAS and CMS  ¢ys.pas.iG-15-002

1.6 LHC Run 1 ]
- Preliminary ... ]
1.4 .
1.2 -
i :
0.8 .
: 0.6/ -
T *SM  —68%CL [ JcMms Z
0.4 + Best it [CJATLAS+CMS

HH : el v b b v v b Ly
Addltlona!heavy fermions or 04 06 08 1 12 14 16 18
charged Higgs boson would
modify the effective couplings I



cross section



Total cross section

Q' i | _
o [ ATLAS i(s-sTev, 203"  PP2H my=1254GeV
% 50_— é H_>7/J/ @ H—77*_4] x GggF+GXH GXH=3.0i0.1 pb
8: E i comb. data syst. unc. XH = VBF + VH + ttH + bbH
© 45+ 2 QCD scale uncertainty
B QCD scale and N°LO approx. uncert.
40 - M Tot. uncert. (scale, N°LO approx. ® PDF+a.,)
350 | | 1 3TeV
- ___..__ __________________________________________________________________________
[ A
30
T ¢ B
i — = X
i x = —
- NNLO N°LO NNLO+72 NNLO+z22 approx. N°LO approx. N°LO
15: +NNLL thr. +NNLL thr. . | +N°LL thr,
Data LHC-XS ADDFGHLM ABNY STWZ dFMMV BBFMR
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Fiducial Cross-sections

e Fiducial region definition motivated by experimental cuts

* Model-independent measurement of production and decay kinematics

e Allows comparison with precision calculations, alternative models

e Test theoretical modelling of different Higgs boson production mechanisms
e Sensitive to BSM physics

I I IIII!II I I L I I L L L

ATLAS =

Diphoton baseline N —e
| H-yy, 1s=8TeV %
= z o
N >1 I Ldt=20.3fb _
| —e— data syst. unc. *
Njets 22 m ——e—
*
Njets = 3 5, ——

B XH = VBF + VH + ttH |
W LHC-XS + XH

VBF-enhanced o—e— B HRes 2.2 + XH
(~¥75% VBF if SM) | # STWZ + XH
. Nleptons 21 I I o JetVHeto + XH
VH+ttH if SM | * BLPTW + XH I
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Fiducial Cross-sections

L=5.1fb'at\s=7TeV,19.7fb " at \s = 8 TeV

LN I I | | I 4
- CMS Preliminary .
3.5 - ¢ Data (stat. @ sys. unc.) =
3 :_ systematic uncertainty _:
E model dependence E
2.5 — .
- 1 consistent
2F 7 with SMin
1.5 -4 1o
i= -
0.5F =
0: 1 1 1 1 | | I . | 1 1 1 1 I 111 1 | IIIIIIIIIIIIII I:

! I I I
7 8 9 10 11 12 13 14
/s [TeV]

CMS-PAS-HIG-14-028
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Fiducial Cross-sections vs p;-

Measurements designed as model independent as possible
Higgs p; distributions are sensitive to new physics in loops

1 9 7fb (BTeV)

%- 1 .NNLOPS;A\;B-;XJH---V-- %14‘_CMS L B o _;!
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=z l l SR T M
§ -] ———
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PRL 115 (2015) 091801

CMS-HIG-14-016
arXiv:1508.07819
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=
n
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= IR B B
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[ = systematic uncertainty
model dependence
XH =VBF + VH + ttH

CMS H-> ZZ*-> 4

L=19.7fb"at Vs =8 TeV
T T

S5 ggoH (powheg+JHUgen) + XH
gg—+H (minlo HJ) + XH
#2222 gg—H (HRes) + XH
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CMS-PAS-HIG-14-028

ATLAS see ~20 trend of more boosted Higgs boson, not seen by CMS

29



Fiducial Cross-sections vs N.

Measurements designed as model independent as possible

N 19:7f6" (8TeV) CMS Preliminary L=19.7 fb"at Vs = 8 TeV
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B - . - .
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- POWHEG + XH, FW=5E°GeV* S model dependence ———— XH=VBF + VH + tiH

—#— - data, to. un ek E Z C . POWHEG + XH, FW - -5E° Gev™
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| | CMS H- 2Z2*- 4|

o] ~
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: "W =
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ATLAS ﬁ e of S S R |
¢ | ' 0 T S S
2 ! l | %221:_._.::_._’:::_ ' 102 .
Z '—%—+—|—‘ = . . S ity 3 I
s gzﬁ— = 1 E;-g __%4}*__.——_;w-£¥ e e 0 1 2 >3
§ . - L -‘_%—0.5 L . s , . '
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PRL 115 (2015) 091801 CMs-HIG-14-016

arXiv:1508.07819

ATLAS see slightly more associated jets, not seen by CMS

30



Spin/Parity, CP mixing



Spin-Parity Results: X(JP) vs. H(0+)

CMS 1071 @ TeV) + 5.1 ' (7 ToV) 120 _XoZZ+WW 19710 (8TeV)+51fb (7 Tev)
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» Both experiments tested quite a lot L Erpeced s-8TeV. 205

-u"SMi2o H—>WW"—)_1ev,uv
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> In general data favors SM 0+ hypothesis o
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CP Mixing

CcCMS 19.71b" (8 TeV) + 5.1 fb" (7 TeV)
< SO T T T T ] . N B B B
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i ] 8F .
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Higgs boson pair production



X->H

g " atLas
.'E det=20lb"aH§=8TeV
: e
o .m! 3
»> Prepare for long-term SM @ 2=+ BxecledLint +20
HH @ HL-LHC: test self coupling * ST o
» Now: X->HH resonances
e bbyy, bbtt, bbbb, multilepton N . T T
300 350 400 450 500
results m, [GeV]
10° o e S R
g::im'y CMS-PAS-HIG-13-032 fvbb)
> RESUItS Assumes SM Higgs BR CMS-PAS-HIG-14-013 (b55E) - spin-2

Q

~~~~~ RS1 KK-graviton  WED: gg— X, kL=35, kiM_=.2
""" bulk KK-graviton

}SH(X—- HH)=.25, no rH mixing
elementary top

e ATLAS excess 2.40 [global]
e CMS does not see

— Observed
---- Expected

?

1 I .llr ' s l b : : L I 1 1 1 l 1 4 ' ‘l . y N 4 1 l 1 1 1 ] 1 s
800 400 600 800 1000 1200 1400
my’"%(GeV)

95% CL limit on o(pp— X**" — HH) (fb)
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ATLAS and CMS physics results from Run 2

Tuesday, 15 December 2015 from 15:00 to 17:00 (Europe/Zurich)

Q@ CERN ( 500-1-001 - Main Auditorium )

Organised by M. Mangano, C. Lourenco, G.Unal........_......._.... **Tea and Coffes will be served at 14h30**

B There is a live webcast for this event m

G&sday, 15 December 2@

1500 - 15:40 CMS results 4o
Speaker: Jim Olsen (Princeton University (US))

& CMS_13_TeV_resul__

Webcast

15:40 - 16:20 ATLAS results 40

Speaker: Marumi Kado (Laboratoire de I'Accelerateur Lineaire (FR))

@ CERM-Council2015..

LHC Seminar https://indico.cern.ch/event/442432/
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Events / 4 GeV

First look at the Higgs boson at Run2

All CMS Higgs analyses

remain blind

2617 (13 TeV)

= T T ‘ T T T T T T :
i CMS -
12 N Preliminary |
: e Data :
10r H(125)
B qq—-ZZ
i MWog-Z2Z -
8 ' W Z+X ]
! -
6_ —
4 E
2; N
IS kil
80 100 200 300 400 600 800
m,, mass with Higgs region blinded ™« (GeV)

CMS 2.6 fb!

Events/2.5 GeV

ATLAS-CONF-2015-060

¢ ATLAS Preliminary po—H—yy

1s=13TeV, 321" L.
Sensitivity to

SM Higgs: 1.90
(Observed 1.50)

my, = 125.09 GeV

e data
— 5 + bfit
-- - background, b Number of candidate events fitted:
113 £ 74 (stat) +43/-25 (syst)

——

I ||||||'|1|||||||_||[|’|r|l]||||[rlr|1'|||||ll'f|I1]|III
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my, [GeV]
ATLAS-CONF-2015-059 1
P ————— |\ | .\ N I { o
L e Data i
- ATLAS Preliminary .= g (m, - 125 Gov) ]
oz o R
19 13 TeV, 3.2 1V, VWV J
- % Uncertainty |
0 :— Nb of candidates in [120,130] GeV:4—:
C From fit: ] ..
8 1.0 42.3/-15 - Sensitivity to
6F 4 SM Higgs: 2.80
ab 1 (Observed 0.70)
p) -
0
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Summary

» LHC entered Higgs boson precision era : Run 1
measurements still statistics dominated

» The 125GeV Higgs is very SM-like, but there are
still rooms for BSM (see next presentation by
Yaquan or other parallel presentations later)

» First results from Run2 with increased energy of
Vs=13 TeV and higher luminosity

» Eagerly awaiting the updated results and a much
larger haul of data in 2016!
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The end
M. any thanks faﬁ your altention and the orpanizers
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Higgs mass uncertainties

ATLAS and CMS
LHC Run 1

Uncertainty in ATLAS
comhbined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in frant of ECAL

ECAL longitudinal response

ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy verlex & conversion
recanstruction

7 — ee calibration

CMS electron energy scale & resolution

Muon momentum scale & resclution

ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

LA L B R B JRIRE B B B
| | |
l — l
| ] ——
1 I— 1
1 I ]
1 -
1 1 I
1 1
1 - 1
1 1
| ATLAS CMS Combined
Observed Qbserved Observed
| [CJExpected | [C)Expected | [ ]Expected
0005 01 0 005 0.1 0 002004006

PRL 114 (2015) 191803 5m,, [GeV]
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Weight of each measurement

ATLAS and CMS PRL 114 (2015) 191803, , Total

P P’i
ATLAS+CMS 41

ATLAS+CMS yy+4] I@

LHC Run 1
ATLAS H—yy ———
CMS H—yy ==
ATLAS H—ZZ -4 | - i
CMS H—ZZ 4] —==—

|| Stat. = Syst.
Obs. (Exp. @125 GeV)

19% (22%)
40% (46%)
18% (14%)
23% (17%)

125.07 £ 0.29 ( =+ 0.25 + 0.14) GeV
125.15 £+ 0.40 ( = 0.37 £ 0.15) GeV

125.09 =+ 0.24 ( £ 0.21 = 0.11) GeV

1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1
123 124 125 126

 Weight of I'th measurement

1 I 1 1 1 1 I 1 1 1 1 I 1 1
127 128 129

my [GeV]

w'=1/(dmy) 7E1/(dmy)°
* ATLAS combined measurement weight 35% (36%); CMS 65% (64%)
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SM
H

95% CL limit on T,/ T

Higgs total width: on/off shell

» ATLAS use a multivariate discriminant to enhance sensitivity

CMS 197107 (8 TeV) + 5.1 1o ' (7 TeV)
=] * Data
- 10~ F— aM
o [ All contributions (I, = 10xI'S", 1 = 1)
S [ gg+WV = ZZ ([, =T =1) ]
> o Ea-zz ]
w

- [ z.x
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700 800
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's=8TeV: [Ldt=203 fb"

====== Expected limit (CLs) 1
~—— Observed limit (CLs)

Illllllljlllllll

1 I 11 1 | 11
0.6 08 1

pa v L by w 1y,
12 14 16 1.8

K(gg—VV)

RE, = _2990VY)
H" ™ K(gg=H"=WV)

ATLAS:
,<23 MeV
Expected :33 MeV

CMS:
,<22 MeV
Expected : 33 MeV

Observed Median expected | Assumption
R.fr. 05 1.0 20 1.0 2.0
1—‘“ /Pf;l}l 4.5 5.5 7.5 8.0 11.2 Hi,on-she]l = Ki,of‘f—shell
1299 = "{'j.u[f—:she]l/nf;.un—ahell 4.7 6.0 8.6 9.0 13.4 KV,on-shell = KV ofl-shells FH /F?}ﬂ:]‘

2

43




BSM decays

Generic models allowing physics Assume k,<1 (as in 2HDM) -
beyond the SM BR;,, can be measured
—~ 8r
ATLAS and CMS Preliminary 2 [ATLAS and CMS
LHC Run 1 T 7 CLHC Run 1 Preliminary
B : < | — Observed
Kol o= Ky < 1 £ 6_ ----- SMS:;:)thed
— BRggyy=0 : :]l 51
K —t 1o ——— '
w L + 20 i 4:_
Ky N i
T |
Ky ° :
— : % o1 oz 08 04 05
Kg — BRaswm
Ky : From the combined fitting, we set the limit:
BHBSM:__ BRggy < 0.34 at 95% C.L. (with k, < 1)
111 I 111 II 11 | 1 11 I 111 II L1 | 11 I 111 I (- | 111
0 02 04 06 08 1 12 14 16 1.8 2

|
1 44
Parameter value



Ratios of k’s

Again, results in agreement with SM

Measure ratios of cross
sections and BR or ratios of i’s

o and BRs ratio model Coupling-strength ratio model
o(gg > H— ZZ) Koz = Kg - Kz /Ky

Oypr/ T ggr
G'WH/U'ggF
TzH/T ggF Azg = Kz/Kg
o-t.tH/O-ggF Atg = Kt/Kg

BRYY /BR** Awy = Ky /Ky

BR” /BR%? Ayz = KylKz
BR™"/BR%# Ay =K. |Ky

BR”” /BR** vz = Kyl Kz

ATLAS and CMS Preliminary
LHC Run 1
K —— ATLAS __'Fg—
9Z| _..cMs o
— —e— ATLAS+CMS :
A —= 1o R —
23| —+20 -
A . —i——
tg | ———
z - -
N et
vZ -9
A o — -
Z o
A -
bZ — |
IIIIIIIIIIII|IIII|IIII1IIIIIIIII|II
-3 -2 -1 0 1 2 3

Parameter value

ggF, gg—>H—-> ZZ is the cleanest channel
and less affected by systematic
uncertainties

In the ratios, systematic of the
same source will be canceled
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Fiducial Cross-sections
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Spin-Parity Test: X(JP) vs. H(0+)

H>ZZ->4l
* 4] system is fully reconstructed
* use ME-based discriminator
o E(B 5.5 b B
[ME (BB BBl )|

H>WW-=lviv

* di-lepton angle and mass are sensitive
to the spin of the decaying X(JF)

H->vyy

* J=1forbidden (Landau-Yang theorem)

* cosO* is the only variable sensitive to
JP information at leading order

Events /3 GeV

FPY DL TIUUIN VAP IPUUT PUR0 DOUO PR
] [F] L&) o4 [} [T o7 os e 1
oomin,

shown: before acceptance
and reconstruction

after acc x reco, discrim.
power lessens

poor S:B makes
measurements difficult
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CP Mixing and Tensor Structure

» Higgs coupling could have CP-mixing and alternative
tensor structure

» ATLAS: Effective field theory; fit a general Lagrangian
compatible with Lorentz invariance

» CMS: Anomalous couplings; fit a generic amplitude

compatible with Lorentz and gauge invariance

VV .2 VvV .2

X + K4 1) VV ~#(1) 7
AHVV) ~ |V + 175 Wl oo o 1 aYV D) pr@me  q¥V (D) pu(2)w

(AYY)’
— T

- BSM CP-odd
SM BSM CP-even 0
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Total Integrated Luminosity (fb ')
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CMS Integrated Luminosity, pp, 2015, v's = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

A Bl LHC Delivered: 4.09 fb !
‘0 S\ 1 CMS Recorded: 3.67 fb '

O Good for many*: 2.6 fb*
| |

| Preliminary Offline Luminosity

Recorded @ 3.8 T= 2.8 fb!

‘ Good for .aII: 2.2 bt ‘

L Preliminary luminosity uncertainty:
4.8% @ 50 ns
+ 4.6% @ 25ns

Date (UTC)

12.5

12.0

11.5

11.0

10.5

0.0

F T LA BN AL AL BN ARLAES
2 [ ATLAS Online Luminosity  {s=13Tev ]
2 5 [ LHC Delivered —
2 C  [] ATLAS Recorded N
§ 4:_ Total Delivered: 4.21 b .
- Total Recorded: 3.87 b -
3. |- i
m - N
o u ]
% of- —
g - ]
= 1__ ]
- T T T R I [ O TR I T T .
24/05 21/06 19/07 16/08 13/09 1140 08/11
Day in 2015
Data taking efficiency of 92%
oy SRS IR LS LS IR LS LS IR LS IS
£ 7ot ATLAS Online Luminosity 2015, {s=13 TeV = J
% ﬁnf— I 25ns; <u>=13 _
3 - = 50ns: <> =20 1
c 90 -
E F ]
3 40 -
E = 3
30K .
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Reminder: increased reach @ 13 TeV

Min. bias g
wWZ
ZZ
3Single t (s-ch.)
Single t (t-ch.)
tw
tt :
ggH (G'L)13 rev” (oL)
VBF

VH 13 TeV with 2.2 fb!
- ttH : .
i (0.7 TeV) ‘ potentially more sensitive
tt (0.9 TeV) ! than 8 TeV (19.8 fb™!)

qq (1.0 TeV)

99 (1.5 TeV)

gg (2.5 TeV)
Z'oq (2.0 TeV)

G* (3.0 TeV)
HSCP g (2.0 TeV)
W —tb (2.0 TeV)
Ko Rspz (1.0 TeV)
X53Xs13 (1.5 TeV)

Predicted cross-section ratios

8 TeV

1 10 107 10° 10"

c /c

13 TeV' 78 TeV

50



Summary of Run-2 Total Cross Section Measurements
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