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CMS H -> mu tau search (8 TeV)
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CMS : A slight excess of signal events with
HIQQS \ a significance of 2.4 sigma is observed

muon (In the collinear mass window 100 -150 GeV)

electron

H-> muon + electron
95 % Upper limit on branching ( Higgqs to Mu tau ) = 1.51%




ATLAS H ->mu tau search (8 TeV)

H -> mu + tau_hadronic
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SR1 SR2 Combined
Expected limit on Br(H — ut) [%] 1.60f8:2‘51 1.75t8:471$ 1.24f8:§g
Observed limit on Br(H — ut) [%)] 1.55 3.51 1.85
Best fit Br(H — ut) [%] -0.07108¢ | 1.94%0:35 | 0.77+0.62




H ->mu tau/e tau / e mu results

(8 TeV)

2016 paper h -> mu tau / e tau

New analyses added :
h -> mu tau_leptonic
h -> e tau_leptonic
h -> e tau_hadronic
combination with hadronic channels

No significant excess
Br(H ->mutau) <1.43 % (1604.07730)

Br (H>etau)<1.04% (1604.07730)
Br(H -> e mu) < 0.036% (CMS-PAS-HIG-14-040)



Effective Lagrangian

Ly = — eye_L;th — erﬁLBRh — Y1 TR — Y. Trerh — YyTﬁLTRh — YW’Z’Lth

Br(u—ey)<5.7x107" Y, <1.2x10°
Br(h—epu)<3.6x107 Y, <3.85%x10™

H-> e mu: Low energy limit is much better than direct search results

Br(t —uy) <4.4x107° Y, .<0.011

Br(h—ut)=1.51% YM=2.55><10’3

H-> tau mu : Direct search limit is already stronger than low energy bounds



Effective Lagrangian

Ly = —YeyéLth — erﬁLeRh — Yo TR — Yoo Trerh — YﬂTﬁLTRh — YT}[TL‘L{RI’I

h— 7 (CMS) 1.51% [22 Vyr <255%107°
0.84% Vyr =187x107°

h— 7y (ATLAS) 1.43% [24 Vi <245 107°
0.77% (25 Y, =179 10

h=7u (CMS+ p—ey | 0.84%, 57 x 107"
h— 7 (ATLAS+ p=ey | 0.77%, 5.7x 107"

h— 7e (CMS) 0.69% (23] Ver < 169 x 107°
h— 7e (ATLAS) 1.04% [24) Ver <208 %107
h— ey (CMS) 3.6x107% [23] Ve <385 x 107"

hep-ph : 1202.5704, 1209.1397
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H-> e tau Future limit

LHC 14 TeV L = 3000 ifb

e pp > h —er = ee+ Erp

o pp = h —er — ue+ Frp

o pp =+ h — eT — €Thad + Fr
Madgraph5 + Pythia6 + Delphes3 analysis (cut based + TMVA )

e The transverse mass variable: Mr(u) < 65 GeV and Mr(e) > 50 GeV, where the
transverse mass is defined as

Mr(6) = \[20r(OFr(1 — cos A6 ) 33)
e The collinear mass variable: 105 GeV < M"*. < 145 GeV, where the collinear
mass is the following,
M.
My = Meoltinear = \/:%, (3-4)
with the visible momentum fraction of the T decay products being, z, ., = o]

BV HIPE

where p¥ = |E‘T|ﬁr_,f”s



H-> e tau Future limit

LHC 14 TeV L = 3000 ifb

epu+METchannel: L=3000fb™"
signal(Br(H—et)=0.1%)~1600  SM bkg~48000

" ~2 for Br(H—e1)=0.03%

VB

with k=0.1, ~2c for Br(h—et)=0.6%

\ B+k*B?

Limit from hadronic channel is weaker than the leptonic
channel
Combination will help to strengthen the limit
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pp->h->emu

e pr(e) > 40 GeV and pr(p) > 40 GeV
o |ne| < 1.479 and |n,| < 0.8 (in the barrel)
o ET < 20 GeV

o 123 GeV < my, < 127 GeV.

signal = 1435 for Br(H-> e mu) =0.01 % and bkg ~13900
2 sigma w.o systematic uncertainty .0017%



H-> e tau Future limit (ILC 250 GeV)

e cte” — Zh,h — Te, with Z — 2§ and 7 — ev, uv or 7 tagged as Thaq

Channel BR % (Septimal)
| 0.96 (20)
et pt 22j+ By 3.39 (50)
, 3.93 (20)
2et > 2j + Br > 10 (50)
, 0.44 (20)

Limited by statistics
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H-> e tau Future limit (ILC 1TeV)

o ete”™ — Fh,h — Te, with 7 — ev, uv or 7 tagged as Thqaqd.

Channel BR % (Soptvmal)
0.63 (20)

1.68 (50)
2.75 (20)
7.22 (50)
0.24 (20)
0.62 (50)

e+u+F

2¢ + F

e+ Thad + F

Limited by statistics => combination of different channel will improve the limit
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H->mu /e tau low energy Future limits

BELLE Il accessible branching

Br(t—uy)~10"°
Y, ~0.002 Br(h—tu)~0.5%

Collider limit is comparable/stronger than BELLE Il limit
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1. Higgs -> mu tau/ e tau Direct search limit is already better than low
energy experimental results

2. ILC limits may not be very different from the LHC limit

13



1. Higgs -> mu tau/ e tau Direct search limit is already better than low
energy experimental results

2. ILC limits may not be very different from the LHC limit

3. Upper limits on Branchings can be slightly modified in case of hon SM
production cross section/ decay width

4. Other search channels like Z2H |, ttH should be studied

(lbp->2h,h->taumu,Z2 ->11: 3/4 lepton search)
(b p -> ttH , h -> tau mu : same sign ll, 3/4 [ searches)

5. Complex coupling/ CP violation ?77?

Tﬁanﬁ you
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Effective Lagrangian

Ly = — eyeL]/tRh — eryLeRh — YereLTRh — YTeTLeRh — YVT‘MLTRI’I — YTyTL]/th
T =l 4.4 x 1078 [70, 71] Y.r < 0.011
T — 31 2.1 x 1078 [70, 71] Y, < 0.176
Muon EDM —10x 107’ cm < —0.8 <
|dl Im(Ypr Yru)| S 1.0
< 8x107% ¢ cm (73]
Muon g — 2 — Re(Y,-Y-u) < (2.7£0.75) x 1073
T — py (f) 10~2 [85] Y, <0.0017
(Belle-I1 /super KEKB)
T — ey 3.3 x 1078 [70, 71] Y., <0.0099
T — 3e 2.7 x 1078 [70, 71] Yer < 0.085

Electron g — 2
Electron EDM

|d.| < 0.105 x 1072° e cm

Re(YerYre) < [—2.1,2.9] x 1072
Im(YerYre)| < 1.1 x 1078

Electron g — 2
Electron EDM
[ — € conversion
M — M oscillations
p— ey (f) (MEG-II)

de| < 0.105 x 107%¢ e cm

4 x 107 [84]

T — ey (f) 1077 [85] Yer <0.00172
(Belle-I1 /super KEKB)
©w— ey 5.7 x 1071 [70, 71] Yie < 1.24 x107°
p— 3e 1.0 x 1072 [70, 71] Yie < 2.19 x107°

Re(YenYpe) < [—0.019,0.026]
Im(YepYpe)| < 9.8 x 1078
Y,e < 8.49 x107°
|Yie + Y| < 0.079
Yie <3.28 x1077

p— ey

5.7 x 10713

YrYer <3.98 x107°
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VBF+VH
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CMS ttH cross section measurement

| ttHchannel | Best-fity | 95% CL upper limits on u = 0 /ogy (inyg = 125.6 GeV) |

Expected
Observed | Observed . Mefhfm Median | 68% CL range | 95% CL range
signal-injected
Yy +2.7+2¢ 7.4 5.7 4.7 [3.1,7.6] [2.2,11.7]
bb +0.7119 4.1 5.0 3.5 [2.5, 5.0] [1.9,6.7]
ThTh —1.3183 13.0 16.2 14.2 [9.5,21.7] [6.9, 32.5]
41 —4.739 6.8 11.9 8.8 [5.7, 14.3] [4.0, 22.5]
3l +3.1725 7.5 5.0 4.1 [2.8, 6.3] [2.0,9.5]
Same-sign2l | +5.37%4 9.0 3.6 3.4 [2.3, 5.0] [1.7,7.2]
Combined +2.8119 45 2.7 1.7 [1.2,2.5] [0.9, 3.5]
ee ey HU 3¢ 4¢
ttH, H — WW 1.0 0.1 32+04 2.4+0.3 3.4+0.5 0.29 -+ 0.04
ttH, H — ZZ — 0.1 == 0.0 0.1 £ 0.0 0.2 £ 0.0 0.09 == 0.02
ttH, H — T 0.3 + 0.0 1.0 += 0.1 0.7 = 0.1 1.1 +=0.2 0.15 =+ 0.02
tt W 43+0.6 | 165+23 | 104+ 1.5 10.3 1.9 —
ttZ/y* 1.8 4+ 0.4 4.9 =+ 0.9 2.9+ 0.5 84+1.7 1.12 = 0.62
tt WW 0.1 = 0.0 0.4 =+ 0.1 0.3 £ 0.0 0.4 + 0.1 0.04 -+ 0.02
tty 1.3 4= 0.3 1.9 0.5 — 2.6 -+ 0.6 -
WZ 0.6 = 0.6 1.5 +1.7 1.0=+=1.1 3.9+0.7 —
zZ — 0.1 4= 0.1 0.1 £ 0.0 0.3 + 0.1 0.47 =+ 0.10
Rare SM bkg. 0.4 + 0.1 1.6 +04 1.1 &= 0.3 0.8 +0.3 0.01 == 0.00
Non-prompt 7.6 =25 | 200+44 | 11.94+-4.2 33.3 k7.5 0.43 = 0.22
Charge misidentified 1.8 &= 0.5 2.3 = 0.7 — — —
All signals 1.4+ 0.2 4.3 + 0.6 3.1+0.4 4.7 +=0.7 0.54 = 0.08
All backgrounds 18.0+2.7 | 49354 | 27.7 =4.7 59.8 8.0 2.07 == 0.67
Data 19 51 41 68 1
Higgs LFV contribution can be important in muon channels : 1505.02688,
( BB, S. Chakraborty, S. Mukherjee)
- i - - - 2 ] +1.4
ATLAS : best fit value of signal strength in multi-lepton channel 2./ ;5 (1506.05888)




