New physics and its
Interference effect

FEE
BEFIMEAE (SNNU) , A%
s

S1EE: FRIE. =M (PKU) , T . BHE




Outline

* Motivation of New Physics and its interference
with Standard Model.

e The interference @LHC in channels of

1. H— vy
2. H—~Z — v
3. H—~ /77 — 4

e Summary



New physics before LHC
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Where is New physics @ LHC
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o  ADD Gkk +g/q Oe,pu 1-4j  Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
_E ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
@  ADDQBH - 2] - 370 |[Mg 89TeV n-6 1703.00217
g ADD BH high ¥ pr >le,pu >2j - 3.2 M, 8.2 TeV n=6, Mp = 3TeV,rot BH 1606.02265
3 ADD BH multijet - >3j - 3.6 My, 9.55TeV n=6, Mp =3TeV,rot BH 1512.02586
g RS1 Gyk — vy 2y - - 36.7 Gkk mass 4.1 TeV k/@,, =01 CERN-EP-2017-132
m Bulk RS Gk —» WW — qqlv 1epu 1J Yes 36.1 Gk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/RPP lepu 22b23j Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(A®Y — tr) =1 ATLAS-CONF-2016-104
SSM Z' — &t 2epu - - 36.1 Z’ mass 4.5 TeV ATLAS-CONF-2017-027
%) SSM Z’ — 11 27 - - 36.1 Z’ mass 2.4 TeV ATLAS-CONF-2017-050
g Leptophobic Z’ — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
3 Leptophobic Z’ — tt 1eu >1b,>1J2j Yes 3.2 2’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
ﬁ SSM W’ — (v 1epu - Yes 36.1 W’ mass 5.1 TeV 1706.04786
g’ HVT V' - WV — gqqqg modelB O e, u 2J - 36.7 V’ mass 3.5 TeV gy =3 CERN-EP-2017-147
8 HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv =3 ATLAS-CONF-2017-055
LRSM W, — tb 1epu 2b,0-1j  Yes 20.3 1410.4103
_ Cl qqqq - 2j - 37.0 A 21.8TeV 7., 1703.09217
O Cl ttqq 2ep - - 36.1 A 40.1 TeV 77, | ATLAS-CONF-2017-027
Gl uutt 2(SS)28ep21b21j Yes 203 |IEEEEEEeTTE |Crrl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,pu 1-4j Yes 36.1 Mimed 1.5 TeV 84=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
E Vector mediator (Dirac DM) Oepu, 1y <1j Yes 36.1 Mped 1.2 TeV 84=0.25, g,=1.0, m(xy) < 480 GeV 1704.03848
VVyxy EFT (Dirac DM) Oe,u 1J4,<1j)  Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.1 TeV B=1 1605.06035
9. Scalar LQ 2™ gen 2u >2j - 3.2 LQ mass 1.05 TeV B=1 1605.06035
Scalar LQ 3" gen leu  21b23] Yes 203 [OFESeaocew B=0 1508.04735
VLQTT - Ht+ X Oorleu 22b,23j Yes 13.2 T mass 1.2 TeV B(T - Ht)=1 ATLAS-CONF-2016-104
'g VLQTT - Zt + X lepu 21b,2>23j Yes 36.1 T mass 1.16 TeV B(T - Zt) =1 1705.10751
g VLQTT -» Wb+ X le,u >1b,>1J/2) Yes 36.1 T mass 1.35 TeV B(T > Wh)=1 CERN-EP-2017-094
; VLQ BB - Hb+ X lep 22b,23) Yes 20.3 B(B — Hb) =1 1505.04306
T VLQ BB — Zb+ X 2/>3e,u  22/>21Db - 20.3 B(B— Zb)=1 1409.5500
£ | VLQBB - Wi+ X Teu >1b>1J2 Yes 361 |Bmass 1.25 TeV B(B > Wt) =1 CERN-EP-2017-094
VLQ QQ — WqWgq Teu >4j Yes  20.3 1509.04261
Excited quark g* — qg - 2]j - 37.0 q* mass 6.0 TeV only u* and d*, A = m(q") 1703.09127
g g Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
= .9 Excited quark b* — bg - 1b,1j - 13.3 b* mass 2.3TeV ATLAS-CONF-2016-060
g E Excited quark b* — Wt tor2epu 1b,2-0j Yes 20.3 fp=fi=fh=1 1510.02664
wg Excited lepton * Seu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Seut - - 20.3 A=16TeV 1411.2921
LRSM Majorana v 2ep 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — (¢ 2,3,4 e, u (SS) - - 36.1 H%% mass 870 GeV DY production ATLAS-CONF-2017-053
5 Higgs triplet H** — (7 3eut - - 20.3 DY production, B(H;* — () =1 1411.2921
£ Monotop (non-res prod) 1eu 1b Yes 203 Anon-res = 0.2 1410.5404
5 Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059

*Only a selection of the available mass limits on new states or phenomena is shown.

‘+Small-radius (large-radius) jets are denoted by the letter j (J).
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Mass scale [TeV]

Around 100GeV~1TeV, effectively new physics is highly suppressed !



Interference effect may
become relatively large
Mg + ./\/lnew|2 = |MSM|2 + |./\/lnew‘2 + 2Re(Mgsmy M, ...

e.J. H+%Ci H+ﬂi

L(HZZ) ~ ay "2 HZ 7, + ay L H 21 7,

ai=1,a,=1 V5=13TeV,g9 - H = ZZ — eTe " p pu~

OSM Onew Ointer ference

0.533fb |0.220th -0.5991b

Is there a new observable (method) from interference effect to probe new physics ?
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3 . I i % 2 ; 2 ; % 46 Huarong He, XW, Youkai Wang in progress



1. C'P violation in H~~y
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Interference
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Interference in SM
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Fitting

f(m) =1c1 X fsig(m —dm) 4 ca X fint(m —om),
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Interference in BSM
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2. C'P violation in HvZ
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Interference
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Forward-backward Asymmetry

9(p1)g(p2) — H(p12) — ¥(p3)Z(pas) = v(ps)€™ (pa) ™ (ps),

0 1 ( D3+ P4 ) p3 in H rest frame,
p =cos | ————=
P3| pal

py in Z rest frame.
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3. Anomalous couplings in HZZ

L(HZZ) ~ ay "2 HZ" 7, + as X HZM Z,, + a3 HZM 7,
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Constraints from experiments

oMS RUN1
= /A Y/
=E // o,
BuE T
%_‘ﬁ . é___ ______ i ; Parameter Observed
= / - (Ary/[ar]) cos(@a,)  [—o0, —119 GeV] U [104 GeV, o]
E: /,/ 7 a/aq |—2.28, —1.88] U |—0.69, o0
08 E— a3/ a 2.05,2.19
= 2 // = = |

=@=Best fit & 68% CL
7/ .Excluded at 95% CL

Expected at 95% CL
I Expected at 68% CL

HZZ

CMS, PRD92, 012004 (2014)
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Interference in on-shell region

R

Vs=8TeV,gg - H — ZZ — eTe puTu= ,M(4f) < 130 GeV

OSM Onew Ointer ference

0.245tb|0.101fb -0.2751b

ai=1,a2=1
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Interference In off-shell region

SM

BEED TRl Sy

Vs=8 TeV,gg(— H*) — ZZ — ete putpu— ,M(44) > 220 GeV

ai=1,a2=1
OSM | Onew Ointer ference

0.45fb|0.23tb 0.15tb
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Constraints in off-shell region

CMS data for off-shell region

CMS PAS Higg-14-002

Full region | Signal-enriched region
gg + VBF — 4/ (signal, ['y/TeM = 1) | 22271075 1.20 T505
gg + VBF — 4/ (background) 31.1 139 2.12+0.21
(@)  gg+ VBF — 4/ (total, ['y/TPM = 1) 29.6 135 1.73 1015
gg + VBF — 4/ (total, I'y /TPM = 15) | 51.8 7% 13.1+1.1
(b)  q7 — 4¢ 154.7 £7.4 8.6 £0.4
(c) Reducible background 3.71+0.6 0.44 +0.08
(a+b+c) Total expected (I'y/ T%M =1) 188.0 7.9 10.8 +0.4
Observed 183 8

o C

a3 C

—2.0,1.4
1.7,1.7
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run2, on-shell

51" (7 TeV) +19.7 fb™' (8 TeV) + 38.6 fb™' (13 TeV)

(b) -
—— Observed E
----- Expected ]
N\ W — Observed, 13 TeV |
Wy - Expected, 13 TeV

5[ 95% CL

68% CL

ao C [—034, 15]
asz C [—2.0, 2.4]



Summary

The interference effect of new physics are studied in three Higgs processes at LHC.

e The antisymmetric lineshape in H — ~~ could be extracted to probe C P-violating

H~~ coupling.

e The forward-backward symmetry of the lepton in Z rest frame could totally reach as

large as ~ 4% for a maximal C'P violation in H~vZ coupling.

e Constraints of anomalous H ZZ couplings in Higgs off-shell region could be good com-

plement for the experimental measurements in on-shell region.
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Thanks!



