Higgs Boson & Flavors at
the ATLAS & CMS Experiments

SUSY 2015, August 29, 2015 oo

| Hideki Okawa (University of Tsukuba) %\\@’@
on behalf of ATLAS & CMS Collaborations ‘M"}”




A@l Higgs Discovery & Beyond
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e We have discovered a Higgs boson in 2012. So far, the particle shows properties
consistent with the Standard Model
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A@ Iggs Discovery & Beyond

EXPERIMENT
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e However, current constraints on the Higgs total width is rather loose: <~5xI'ySM
& there is still room for BSM decays.

e We are at the stage to further investigate & understand the properties of the
Higgs boson/Yukawa couplings, and the electroweak sector as a whole.

e | will present an overview of such studies from a flavor perspective in particular.
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Outline

e Flavor violation

e Lepton Flavor Violation (LFV)
e H-UTe, €Ty, €Th, el (CMS), H—=puth (ATLAS, CMS)
e Z—eu (ATLAS, CMS)
o 7' Vi—ep, et, ut (ATLAS), ep (CMS)
o Z'—1T (ATLAS)
e W'—=1v{ (CMS)
e RPVit*—b4Zb4 (ATLAS) e MFV dark matter search (mono-b)

e Flavor Changing Neutral Currents (FCNC)
e t—qgH(—vYy) (ATLAS, CMS) e t—9Z qy (ATLAS, CMS)
o t—qH(—multi-lepton) & combination (CMS) e BSM single top (ATLAS, CMS)
e Light-flavor Yukawa couplings

e H-oee(CMS), uu (ATLAS, CMS)
e  H-J/py (ATLAS, CMS), Y(nS)y (ATLAS)

e Run-2 Prospects
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Why Flavor Violation?

ATLAS

EXPERIMENT

Ly = —mify fiy = Yij(fLfp)h+ he.+ -
Higgs-fermion coupling

e Standard Model Higgs boson conserves the flavor symmetry (Yjis diagonal).

e In general, Yjcan be non-diagonal, which leads to a flavor violation.
Flavor violation itself would be a discovery of BSM physics.

e Naturally occurs in models with more than one Higgs doublet.
e (Can arise in SUSY, composite Higgs models, Randall-Sundrum, etc.

Lepton Flavor Violation —— Flavor Changing Neutral Current —
e H-—uT, €T, el e t—qgH
e Z-epu t
o Z' vi—ep, eT, ut LHC has high. sensitivity for FCNC for the

: , , top quark—Higgs.

e Non-universal Z'—=1t1, W =TV, X ¢ | ;

o, harged lepton flavor violation may have
e RPVtt'—blbs different origin from the neutrino oscillation.
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b9 H— uT1,etT,ey Searches

EXPERIMENT

e Indirect constraints from previous experiments are stringent for u—e, but rather
moderate for 1-related FV. = BR(H—ue)<O(108), BR(H— uT1, e1)<O(10%).

R.Harnik, J.Kopp, J.Zupan, JHEP 03 (2013) 026
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e Direct searches are performed for H—=ut, et end (CMS), H—=uth (ATLAS)

e Similar signatures as the SM H— 11, but with a prompt/higher-pt muon &
different Missing Et event topologies.

e Similar selections/strategies between CMS & ATLAS for H— uth. Some differences
in the kinematic cuts, jet binning & mass reconstruction (collinear vs Missing Mass Calculator).
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A@s H—-uT,et,ey Searches

EXPERIMENT
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e Similar signatures as the SM H— 11, but with a prompt/higher-pt muon &
different Missing Et event topologies.

e Similar selections/strategies between CMS & ATLAS for H— uth. Some differences
in the kinematic cuts, jet binning & mass reconstruction (collinear vs Missing Mass Calculator).
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H— ute Channel
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e Dominant BG = Z—T1,Te, mis-ID leptons, dibosons. Z—1,Te estimated from embedding
technique from Z—uu (Z— M data with W’s replaced by simulated T decays.)

e Data agree with the expectation within uncertainty.

Hideki Okawa

0-jet 1-jet 2-jets
sum of backgrounds 160+19 118+9 5.6+09
LFV Higgs boson signal | 23+ 6 133 12+03
data 180 128 6
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H— pu1h Channel
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[ H— uTe,MTh Results

EXPERIMENT
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e Slight excess of 2.40 significance is observed in CMS (1.30 in ATLAS).
e Best fit BR(H2uT) = 0.84+0-394.37% [CMS], 0.77£0.62% [ATLAS]
e Limit: BR(H—uT1) <1.51% 0bs (0.75% exp) [CMS], 1.85% (1.24%) [ATLAS]@95%CL
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k¥4 H—eT,ey Results
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e Require low EtMiss & veto jets to suppress the Z— 1T, diboson, and ttbar BGs.
e Dominant BG: Z—TT.
e BR(Z—ep)<7.5x107 (ATLAS), 7.3 x 107 (CMS) @ 95%CL. Surpassing the
previously most stringent direct limit from LEP (< 1.7 x 109).
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Z'—ep,eT,uT Search
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Search for LFV motivated from RPV SUSY models,

o
LFV Z’, and guantum black holes.
e Bump hunting for opposite-sign different-flavor
dileptons (ep, eT, ut for ATLAS; e for CMS).
o
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ATLAS

EXPERIMENT
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Z'— 71T Search
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Non-universal lepton couplings to Z’ can explain-observed flavor anomalies.

(e.g. anomalous dimuon production@DO, excess of B—»D*1-v:@BaBar, Belle)

ThadThad, TuThad, TeThad Channels are considered.
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e First search for W’ decaying t0 Thad & Vr.
Decays to 3rd generation could be enhanced in case
of non-universal coupling.
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e Main BGs: W—1v, multijet. two extended SU(2)
groups.
e Significantly expanding the limits for large cot Bk.
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ATLAS

EXPERIMENT

RPV Stop Search

=
]
2
S
S
2]
c
S
S
s
8
g
£
S
(¢}

e RPV SUSY model w/ spontaneously

broken local U(1)s.. symmetry.

Only lepton number is violated. P

e eebb,epbb,uubb final states

considered.

e Hr=>1100 GeV, mp asymmetry <
0.2, Z veto on higher mp (moi©).

O

o ATLAS Simulation Preliminary
S 10

& Vs=8TeV, 20.3 fb”

Q0

= >

c 10°g..

L

Hideki Okawa

Total background

e

. 2

I Single top

] Other

...... B-L stop (500 GeV)
...... B-L stop (800 GeV)
...... B-L stop (1000 GeV)

Entries/100 GeV

b > 106 E Total background
o 5[ ATLAS Simulation Preliminary mmmm &
. o 10 EE _ » [ ] Sixgle top
S A Vs=8TeV,203fb e Other
t L - 10 aeee B-L stop (500 GeV)
xo )\/ - E s=sxss B-L stop (800 GeV)
o" €_|- 8 103 - asausas B-L stop (1000 GeV)
) g Lch 102=E .....
.. \ 10 ;g
Tx e, s
p ' 13
_ 107k " s
b 10-2 e E S | T-.i""‘:::
500 1000 1500 2000 2500 3000
H. [GeV]
5:| LI L R LI L N N N L I L L L I B B I: /\1.0 Elﬂtvl prquCtlon’ %l‘ﬁbe ‘ ‘
45  * Data ATLAS Preliminary 3 . ATLAS Preliminary| 1100
- = Total pdf _ 4] - Vs =8TeV, 20.3 fb*
4r i s=8 TeV, 20.3 fb ] = osl ~ ¢ \ o
3 5: .tt SR 400 ] o) \‘/)'06 Observed 95% CL mass limit 1000
O = N D
E .Z/'Y* E \\\?/c\
SE Ee = Ll N Excluded 0
- ingle to 3 N .
2.5 gletop = ». highest stop
E Other ] A 4800
of = ' \\ mass
1;_ _; {600
0.5F £
e {500
QOO 300 400 500 600 700 800 L |
mp, [GeV] Br(t —be)
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=] FCNC t— gH(—yy) Search

EXPERIMENT

Y e Seach for flavor-changing neutral currents in top decays
using ttbar processes. Look for peak at yyj invariant mass
& Wij (leptonic + hadronic channels).

~  20pTTrrTr T T T ~ 10 e
8 18 ATLAS ¢ Data . 8 o] = ATLAS Dat =
o -tt&W , normalised to luminosity o -tt&W , normalised to luminosity 4
% 16?r STVde‘ 20315 ] SHERPA y1j — I, norm. to data- (& W) 3 % Sjr STVdet 20:315" (] SHERPA 17] — 1, norm. o data- (1T & W(r) -
q *E 14: Leptonic Selection |:|Sg al, B = 5% = *E 7; Leptonic Selection |:|Sg al, B = 5% E
w {2 Nob-tag — Ll 6 No b-tag —
c E 156<m, <191 GeV 3
10; (a) — 5 E
8F- E 4 O E
o : o :
Backgrounds af . 2F
2f- E IS E
° Leptonic channel: 056 100" 150 200 250 300 350 400 450 500 %~""50 700 150 200 250 800 350 400 450 500
m,.; [GeV] my,; [GeV]
non-resonant yy
production, multijet, STV
® E ATLAS Data 3 =
tt b W | H N (O] 20 r |:| SHERPA . to dat T 8 90 - ATLAS e Data -
o c . yvj, norm. to data E - E
ar, Y, rea |ggS % 18;—\(5=8Tev,det=20.3fb1 []Signal, B = 5% = % 80 Vs = 8Tev,det=2o.3fb“ %:gingﬂ’;mm o daie E
£ 16 Hadronic Select E L o0, A 3
decay. W iperati I IR
GEo 3 sor =
e Hadronic channel: o o E
non-resonant yy ‘| I # - t] -
ducti tijet, real P,
proauction, muitijet, rea O350~ 106156206 25300356400 450 500 Qe e

0 50 100 150 200 250 300 350 400 450 500

Higgs decay. My (0] m,, (GeV]
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A@AS t—-gH(—vyy) Results

EXPERIMENT

19.7 b (8TeV)

> L L L B T ] s T RN RN RN RN AR LR
[0) 16__ ATLAS 0Data2011+2012 CMS 7 (o) (o]
(3 14:_ Hadronic Selection _;Sn:]g J'_Sm:'sggzv;ontmuum bkg. f't 8 6_ Prellmlnary+ 'g:tt:nic channel _Z ® BR(t_'CH) < 0-79 /O (0-51 /O)
§ St I Signol ol sackgroun . [ATLAS], 0.71% (0.47%)
— — el = T T T T Non-resonant yback round—
i 105_ det=2O.3fb'1,\/s=8TeV_E S M b . [CMS] @95°/OCL
85— B det: 471" Vs=7TeV _E L|>J 4_ _
£ e E 3t 1 ® BR(t—uH) < 0.65% (0.42%)
. N ER -+ - [CMS3]
. T :
2 - 1 —t 7]
SR ST SO <l b o I S T o V(AweH2+AwH?) < 0.17 [ATLAS]
00 110 120 130 140 1?: [Ge;I/]6( 00 110 120 130 140 150 1|\6/[? ‘[IéO \1/]80
Y v e
197fb (8TeV)
_,w1:"'""""""I"'I"' 3 — L D A R |
O - ATLAS . O - CMS ...................... ...................... .................. hadron|c+|epton|c channe|s _
- f L dt=203fb" Vs =8 TV, 3 Preliminary - ~-observed
(@)}
- f Ldt= 470" vs=7TeV| = —
el _ L T e e
- 3 =
- N S - T U S S
i ] 0
B i »
| —e— Observed B I
10 - --e-- Expected - %
=10 .
Lge :
. | | el N o L
0 0002 "0.004 0.006 0.008 0.01 0.012 0.014 %0 02 04 06 08 1 1.2 - 14
B B (t — cH) [%]

t —qH
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@ t—qH(— multilepton) & Combination

ATLAS

EXPERIMENT

e Used same-sign dilepton & trilepton SRs. %
e BR(t—cH) < 0.93% obs (0.89% exp) S
¢ V(AerH2+Awr2) < 0.18
e Combination w/ yy channel leads to

BR(t—cH) < 0.56% & V(Atch2+Awn2) < 0.14

Hideki Okawa SUSY 2015, August 29, 2015

19.7 b (8 TeV
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C —— BG uncertainty
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N H ®» (0]
rT 1T rrryrror [ rT

ooIII
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2501  Data B

2003_ BG uncertainty
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I55 Light-Flavor Yukawa Couplings

EXPERIMENT

e Yukawa couplings are among the most arbitrary in the electroweak
symmetry breaking mechanism.

e Light-flavor lepton/quark couplings to the Higgs boson provide useful
insights to the nature of the Yukawa couplings.

e Universal or non-universal Higgs couplings to fermions.

e Decays to a quarkonium & y (“exclusive approach”; )
may offer sensitivity to both magnitude & sign of the Yukawa couplings.

e Probe for physics beyond the Standard Model.

-—
-~ -
-—

Hideki Okawa SUSY 2015, August 29, 2015 23



e ggF & VBF categories

e Analytic BG modeling
similar to yy channel.

e o0xBR<7.00bs (7.2 exp) (o x BR)sm
[ATLAS], 7.4 (6.5) (0 x BR)sm [CMS]

¢ Confirmed non-universal couplings

Sd

pion).

Events / 2 GeV

T T T >

-4 Data %4 MC (stat) 8

|z O wz/zziwy o

=7TeV _ 4 Ot B ww -
=8 Ter Ldt=24.81b [ Single Top [] W+et ?_,)

[

H—sutu [C] H[125 GeV] 3
I}

e Need HL-LHC data for measuring the
SM H—puu process

Hideki Okawa

10

400

200

H— 19.7 fb" (8 TeV
1000 et e AL
T 0,1-Jet Tight BB —e— Data CMS |
800 Background model =]
L &% e SM Higgs boson x 20 ]

600 [—

160

o
J/rJ‘rrIllll = 3 £ ?INDF = 45.7/48 = 0.953; p-value: 0.566
s PR
Sl 0
L PN IR I EE R RPN NP (O | O OO R a 2
80 100 120 140 160 180 200 220 240 260 '?10 30 50 40 %0
m,.- [GeV] m,, [GeV]
i(,) T T | T T T T | T T T T T | T T T T | T T T T —
B + - 4
= 500 ATLAS H— u'u B
L -1 ]
S C _ observed CL s=7 TeV 4.5 b .
T 4 QF - Expected CL s=8 TeV 20.3 b’ E
— = |:| + 1o 7]
1 - [(J+20 .
O 30 ]
> - .
O L i
(o)) 20 ]
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H—ee

e SM BR(H—ee)~5x109.

H—e'e 19.7 b (8 TeV)
. §0.14 [ I 1 I 1 1 1 1 I 1 1 1 1 I I_
e |naccessible at the LHC. = - CMS —e— Observed limit i
(]
0.12 . T
+c|> - ---+--- Median expected limit -
20001 ete 19.7 fb™ (8 TeV) ol ete 19.7 fb™ (8 TeV) i i ]
> 77T 1T ] + imi
0,1-jet BB —e— pata CO: 2-jet Tight —e— Data CMS T 0.1 +10 expected limit ]
— Background model g 255_ — Background model E % i +2 o expected limit i
SM Hi 3 % 201 0 . 6 —] c 008 — —
iggs boson x 10 > SM Higgs boson x 10° 4 (@] n -
> C 3 = N i
Yo - - £ - -
u + 0.06 —
10F * - 8 i ]
» o
. | *»[ - [ ]
5F 1 0.04 —
E |1 o ]
S AR L[ ]
4 -~ 1%1 — #/NDF = 13.1/23 = 0.567; p-value: 0.951 ' 8 0.02 —
of s °5E [ ]
of 5" 03 | i
4F ) ) ) ) 3 1;51 ) ) ) ; . 0 i ] | [ | N L1 I ]
110 120 130 140 150 160 %10 120 130 140 150 160 120 130 140 150
M, [GeV] M, [GeV]

e ggF & VBF categories. Using analytic BG modeling.
e No excess from SM expectation. BR(H—ee)<1.9x10-3 @95% CL.
e Another confirmation of non-universal couplings of the Higgs boson.
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5] H/Z-Jpy, Y(nS)y

EXPERIMENT

e  SMBR(H—J/py)=2.8x106,
BR(H—Y(nS)y)=(6.1,2.0,2.4)x10-10

II{III{III{III{Y

> 1T 0> F
o ATLAS Simulation | § 350 . ATLAS -
% 0.11, Pr H—> Jhyp y 7] 83005—_':" @=8TerLdt=19.2fb'1_E
] . c 3 _ Before selection ' -
e Considered p+p-y final state. Soos | R ;250:_ o en ot S,
: E E) g il Background Barrel Categories :
e Signal efficiency [ATLAS]: R O S EEE e e
22% for J/y, 28% for Y(nS)y J AR ] 1508
0 02k | 100¢
* My (Myu) resolution [ATLAS]: | L N ; 50F
1.2-1.8% (1.4-2.4%) oo o
P [GeV] 27 28 2.9 30 3.1 3.2 33 34 35
1o 19.7 fo” (8 TeV) - M, [GeV]
> REARAREARE RS I B B IR I >
[ . CMS ] . .
3 e Data 19 ATLAS .1 e Simultaneous fits are
o 10 Background model - = (s=8 Te\lg tﬂ_dt =203 b
% - =10 20 ] g Lgi@gitt _ performed to Mpypy & My
— 8 N _ ] > - onm inatoric
é i - [ 500x SM H—=(Jw)y ey i _é([FS_)Fio-S] for ATLAS and to Mypy for
L 6:— _: %2[5;10'6] CMS

e No significant H/Z—Qy
signals are observed.

40 80 120 160 200
m,,., [GeV]
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)

ATLAS

EXPERIMENT

H/Z-J/P vy, Y(NS)y

1072 .
5 : 05 203 arLas  s=8Tev 1 e First LHC searches for H/Z—Qy.
£ 17 > O e BR(H—-J/Yy)<1.5x10-3@95%CL
g . o Observed - [ATLAS, CMS]
5 = Expected (+1,20) ] . e ——— 1|9|.7Iﬂ?"|(8| 'II'eV)
= | é 2o;_CMS — Observe _;
% % : é o 18- | (E):pecte: —
s S B B0 S A A = oot :
e 19.2 fo! - - T 10;_ muu<20 GeV 1
X 6
L S T L S S N RS SR e B
SN & & & &8 N &\o’ &\6’ &\% &\? ] t
:Qf 2 2 2 2 ,\,7‘ 2 2 Ve 2 | % T B R SRR R R .
R R R R v v v v v o0 125 130 135 140 145 150
m,, (GeV)
e |[nteresting analyses, but challenging for the SM H—J/y, Y(nS)y due to the very
low expected yields, even at the HL-LHC.
e However, the method can also be used for general H—Qy, where Q is a
meson from light quarks. It provides interesting programs for BSM search.
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A@s Run-2 Prospects

EXPERIMENT

[ ] [ ] 4‘2 T I T TT I T TT I T TT I T TT I T TT I T TT I T TT I T
e [epton flavor violation S 10'E Aras Profminary  * D8
w - [ Drell-yantt ]

" [s=13TeV, 85 pt’ [ Di-Boson

B Top
WHjets

102 Z' — eu selection

e CMS (H=ute, uth, etc.): New T-reconstruction
algorithm developed for Run-2.

o /Z'—ep: Already started looking at me, distribution.
Will make use of the significantly increased cross
section in 13 TeV.

illlllllll\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
100 200 300 400 500 600 700 800

me, [GeV]

e Flavor changing neutral current

I T T T I T T T T T T I T T T I I

Y Tevatron combined* 1.96 TeV (L=8.8 f5") P

103 LA CMS diepton 7 Tev (L=2:3 ") CMS Preliminary
0 E A CMS l+jets 7 TeV (L=2.3 f&5")

[C ® CMS dilepton 8 TeV (L=5.3 fb")

- O CMS I+jets* 8 TeV (L=2.8 fo")

[~ % LHC combined eu* 8 TeV (L=5.3-20.3 fb")

- ® CMSeu* 13 TeV (L=42 pb’")
* Preliminary

e Will benefit from enhanced production of the ttbar
process. First ttbar cross section measurements
were performed w/ 13 TeV data by ATLAS/CMS

10?2

Inclusive tt cross section [pb]

=== NNLO+NNLL (pp)
= NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
~ m__=172.5 GeV, PDF@® a_ uncertainties according to PDF4LHC
1 1 1 I 1 1 top 1 I 1 1 1 % SI 1 1 I 1 1 1 I 1 1 1
2 4 6 8 10 12 14

s [TeV]
Analyses are progressing rapidly with the Run-2 data.

10
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Summary

e LHC provides rich program for flavor studies.

e Understanding the Yukawa couplings of the Higgs boson is crucial
after the discovery of a Higgs boson, and there could be flavor
violating processes in the electroweak sector.

e No observation of charged lepton flavor violation so far. However,
there is 2.40 (1.30) excess in the H—=put from CMS (ATLAS). Further

iInvestigations are ongoing.

e We had fruitful results regarding the light-flavor Yukawa couplings as
well. No sign of deviations from the Standard Model so far.

e Analyses are rapidly progressing with Run-2 data!!

Hideki Okawa SUSY 2015, August 29, 2015
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EX

7

PERIMENT

Higgs Signal Strength

ATLAS

Input measurements

Individual analysis + 1o on
x u
m, (GeV)
H
Overall: u = 1.17:’25 125.4 : : I--O—l :
H—yy ggF: u =1.32"% 1125 4 ; ; i
VBF: u = O.Btg; 125.4 I—o—!
WH:u=1.0"7 |1254 :
. 4%37 : : .
ZH:u = 0.170.1 125.4 : l :
Overall: u = 1. 44 125.36 : : i
H —- Z2Z* : : : :
ggF+tH: = 1.7°0% 125,36 : : P
6 . . .
VBF+VH: u —03 125.36 » - o— ; || .
Overall: p = 116_02“ 125.36 ""'
H — Ww* +0.29 H :
ggF:u =0.98""" 12536 e
VBF: = 1.287°" |125.36 N
VH: 1 =307 |125.36 :
Overall: u = 1.43'%43 1125.36 X ——
H > tt 037 -
ggF:u=2.0"" 12536 L
o +0.59 . : .
VBF+VH: u = ‘1.2470.54 125.36) » . '._.-._| . . .
. Overall:u=0.52+g':g 125.36 i : :
VH — Vbb 065 : i : :
WH:M=1-11_0'61 125 L —ie— | .
o +0.52 . . .
210057 ras = =R R
H— uu Overall:u=-0.7t§:; 125.5 : ' :
H—Zy Overall: u =2.7j:§ 125.5 : '
w4 et11]125 S ———
ttH bb: u = 1.5_1.1 :

Multilepton: u = 2.1*12

. +2.62
yy:u=13

125

175 [125.4 L

Vs=7TeV, 4547 fb"

Vs =8 TeV, 20.3 fb™
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-2 0 2
Signal strength (u)

|

[,
4

(

Combined
u=1.00+0.14

H— yy (untagged)
H— vy (VBF tag)
H—yy (VH tag)
H— yy (ttH tag)
H— ZZ (0/1-jet)
H— ZZ (2-jet)
H— WW (0/1-jet)
H— WW (VBF tag)
H— WW (VH tag)
H— WW (itH tag)
H — tt (0/1-jet)

H — v (VBF tag)
H— tt (VH tag)

H — <t (itH tag)
H— bb (VH tag)
H— bb (ttH tag)

-4
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19.7 " (8 TeV) + 5.1 b (7 TeV)

CMS m, =125 GeV

Poy = 0.84

2 0 2 4 6
Best fit O'/OSM
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Minimum bias
W(ln)

Z(ll)

L7

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
L' SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

A AN e N
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) 8.4
J 46
J 10
) 56
10 100

SUSY 2015, August 29, 2015

At 1034 cm=2s1@ 13 TeV
pp the LHC produces:

) 370

- 200HzW — v
- 19HzZ-—l
- 8 Hztop pair
- 0.5 Hz Higgs
) 9000
1000 10000

33




H— ut Search

e Some differences in the kinematic selections (Ady,r, Any) & discriminating
variable (mass reconstruction w/ collinear approximation vs Missing Mass

Calculator).
CMS ATLAS
Variable H = pte H =y, Cut SR1 SR2
[C;eV] O-jet 1-jet 2-jet | Ojet 1-jet 2-jet () 576 GeV | 526 GeV
ph > 50 45 25 | 45 35 30
ps > 0 10 10| — — — p1(Thad) >45 GeV | >45 GeV
pr > — — — | 3 40 40 mr(u, EF***) | >40 GeV | <40 GeV
MS < 65 65 25 | — — @ — M1(Thad, ET™*) | <30 GeV | <60 GeV
Mg > 50 40 15 | — — @ — _ n(t <) <)
ME < — s s s () Nﬂ( had)| < )
[radians] jet
Apy m >  —  —  — [27 —  — Np_jet 0 0
A(l)ﬁgr_EITniss < 05 05 03 — e  —
Appe > 27 10 — | — — —
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H—uT Channel (CMS)

Hideki Okawa

Variable H— ute H = ut,
[GeV] O-jet 1-jet 2-jet | O-jet 1-jet 2-jet
pr > 50 45 25 | 45 35 30

pT > 0 10 10 | — — @ —

pr > | 35 40 40

My < 65 65 25 | — @— @ —

M- > 50 40 15 | — @— @ —

My < — —  — |5 3 35

[radians]

Aqbﬁlif_ﬁ;h > — — — 2.7 — —

Ay pme < 05 05 03| — — —

App > 27 10 — | — — —
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)

ATLAS H_>|.|T Yields (CMS)

EXPERIMENT

H— ut, H— ut

Sample 0-Jet 1—]P;t 2Jets 0-Jet 1—]e;€cl 2 Jets
misidentified leptons 17704530 377 +114 18+10| 42+17 167 11£0.7
Z — 1T 187 10 50+4 044+02] 65+3 394+2 134+0.2
77, WW 46 + 8 15+£3 02+£02 | 41+£7 224+4 0.74+0.2
Wy — — — 2+2 242 —

Z — eeor uu 110 23 207 01401 ]16+£07 1.8+0.8 —

tt 224+0.6 244+3 09405 |48+07 303 18+04
tt 22+1.1 133 05£05|194+02 68+08 0240.1
SM H background 7113 53408 1.6£05[19+03 16+02 06=+0.1
sum of backgrounds 21254£530 513+114 54+14 16019 1189 5.6+09
LFV Higgs boson signal 66 £ 18 308 29411 | 23+6 13+£3 12+0.3
data 2147 511 10 180 128 6
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3

H— ut Channel (ATLAS)

Cut SR1 SR2 WCR TCR
pr(u) >26 GeV | >26 GeV | >26 GeV | >26 GeV
P1(Thad) >45 GeV | >45 GeV | >45 GeV | >45 GeV
mr(u, EX%) | >40 GeV | <40 GeV | >60 GeV | —
mr(Thad, E7 ) | <30 GeV | <60 GeV | >40 GeV | -
() — n(Thaa)|l | <2 <2 <2 <2
]vjet — — — >1
Np_jet 0 0 0 >0

Hideki Okawa
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H—ur Yields (ATLAS)

Hideki Okawa

SR1 SR2
Signal 69.1 £+ 0.8 £9.2 48.5+ 0.8+ 7.5
Z > 1T 1334+ 69+9.1 | 262.6 £9.7 £ 18.6
W+jets 619 + 54 + 55 406 + 42 + 34
Top 30.5+5.3+4.7 19.6 £ 3.1 +3.3
Same—Sign events 335+ 19 £+ 47 238 £ 16 + 34
VV +Z7Z — uu 90 + 21 + 16 81 22 + 17
H— 1t 6.82 +0.21 £0.97 13.7+03+1.9
Total background 1224 + 62 + 63 1021 £ 51 +£49
Data 1217 1075

SUSY 2015, August 29, 2015
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A@As H— uTe,MTh Results

EXPERIMENT

CMS 19.7 fb™ (8 TeV) 1CMS 19.7 1™ (8 TeV)
IIII|IIIIIIII:IIII|IIII:IIII|IIII|IIII

ut, 0 Jets

+0.66
0.87 0869,

uT, 1 Jet

+0.85
0.81 *085 9,

ut, 2 Jets

1.58
0.05 #1589

ue 0 Jets ATLAS H—tr

1.20
041 55 %

ut 1 Jet

1.03
0.21 _+1_09 %

ue 2 Jets

+1.16
1.48 003 %

H—ut

0.39
0.84 0399,

——

NN N T N AN FE e 10-4 i
-15-1-050 05 1 15 2 25 10 1073 1072 10 1

Best fit to B(H—ur), % Y |
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H—eTu,eTh Channels

19.7 fb" (8 TeV

~

19.7 fo" (8 TeV) 19.7 ™ (8 TeV)

—— . T a BT —
2200 CMS ® Observed, et — - CMS e Observed, et 4 C CMS ® Observed, et ]
= Preliminary [ ] Bkgd. uncertainty ] 1200|— Preliminary ["] Bkgd. uncertainty _ 700 Preliminary [ Bkgd. uncertainty
2000 0 Jet I sSM Higgs —] B 1 Jet I SM Higgs i C 2 Jet I SM Higgs ]
- et UJe ] Zow = et 1Je O Z-w ] - et e ] z-w 3
1800~ B Other = 1000 B Other ] 600 B Other 4
1600 Ittt t - L Ittt t i = Ittt t 3
E [ ] Misidentified leptons ] o [ ] Misidentified leptons - [ ] Misidentified leptons
1400 —— LFV GGF Higgs (B=100%}] 800— —— LFV GGF Higgs (B=100%)| 5001 —— LFV GGF Higgs (B=100%)
N I . LFV VBF Higgs (B=100%]] e LFV VBF Higgs (B=100%)/ e s LFV VBF Higgs (B=100%}
1200— — o B - -
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B Hz-Jdwy, Y(nS)y

EXPERIMENT

95% CL, Upper Limits
J /1 T(1S) T(25) T(3S) | Y " T(nS)

B(Z— Q~)[107°]

Expected | 2.0%56 | 4977 | 62%7% | 54770 | 8.8%57

Observed 2.6 3.4 6.5 5.4 7.9
B(H — Qv)[107? ]

Expected | 1.270% | 1.870% | 2104 | 1.8%02 | 2573

Observed | (1.5 ) | 1.3 1.9 1.3 2.0

o(pp— H) x B(H — Q~) |fb]

Expected | 2612 ?Ei?f{,\ 45+24 | g+l 54+27
Observed 33 29 41 28 44

AN
~

N
BR(H—J/Yy)<1.5x10-3 for CMS
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